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Page 1.

CALCULATICRNS OF SHIPEOABL HEAT EXCHANGERS.

Reference textbook.

A. S. Tsygankov.
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Page 2.

In the book is gereralizéd and systematized the calculated
matarial, accumulated ic the frccess of desigring the heat
exchangars. The book is a reference tex:tcok cf practical nature and
does nct contain theoretical liningss/calculaticns and substantiaticn.

. The systematization cf thke giver material allcws with the minimunm
expenditure of time sufficient to rull-valueé prcduce the necessary

linings/calculations ard calculaticns. |

Th2 book is intended for tre technical-erginearing werkers

(designers and builder-aeat tachnicians) can alsc serve as textbcok

for the students of ship-buildicy and energy <all and students cf

technical schools.




:

— o

DOC = 80040201 EAGE 3

Page 3.

Preface.

Heat exchangers are tne ccazposite/ccmpcund equipment component
of +*he pover plants, which nave extensive applicaticn in the
industry, and also on *tae vessels cf civil/civilian and serviceman of

fleets.

Tha creation of the idsal and relialle equipasent, which
corresponds to the ccntesporary level of develcpment cf technclogy,
requires the thorough study cf occurring in the apparatuses processes
and technoioqy of their production on the basis cf experimental

iavestigations and proéueticn exgeriment.

In the past postwar years is carried cut the series/rcw cf
scientific research and experimental works cn heat engineering, which
contribut °d to accumulaticn ¢i ccnsideratle cxperience according to
the design, to precducticn and testing of heat exchangers and served

as basis for writing of this Ekccke.

This edition of the occk differs frcm the publication 1948 1t cf

the more detailed treatment 0i the questions, ccnnacted with the heat
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transfer, hydraulic resiscance and structural strength of heat

F exchangers.

FOCTNOTE '. A. 5. Tsygankcv. Calculations cf shipktoard heat

exchangars, Sudprcmgiz, 1548. ENDFCOTNOTE.

The obsolete calculaticn formuids are rerlaced Lere by modern ones.

During the¢ treatment/prccsssingy of the tcek is taken inte

consideration alsc the majcrity cf cbservaticrs and wishes c¢f the

revievwers and readers.

Fage 4.

For the purpose of warniny/preventicn cf the erreors and for the
savings of time with the execution of calculaticns in the Ltock arse
given typical examples of tne tkermal desigrs cf the most widely used

; apraratuses and examples of the calculaticns ¢f hydraulic resistances

for differont working media, which take place in their cavities.
In the book is given the sinyls procedure cf calculaticn of
different tube plates and are gyiven examfples c¢f the calculation of

the strength of the tasic parts cf aprparatuses.

Th2 saction of applicaticns/appendices is renovated and



|
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A. Tsygankov,
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supplemented by new tatulated data of the physical fparameters of the

working media of hwat exchancers.
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Page 5.

Chapter I,

THERMAL DESIGNS.

§1. Pressures and rarefactionsevacuation.

8y the prassur=2 is undarstccd the fcrce, which acts per unit cf
surface., Working stardaré¢ ct pressure is called technical atmosphere,

i.e., the pressure, prcduced by fcrce in 1 kg to 1 cm2 of surface.

In the rarefactionsevacuaticn, or the vacuum, is understcod the
difference between the prassuiz cf the external atmcspherz arnd the
absolute pressure in the place c¢f measurement, while by the
cverpressure - a difference tetween the absclute and atmospheric
Eressuras. Absolute pressure is expressed in the absclute
atmosphares, and vacuum - in the sillimeters c¢f mercury or water

column, and also in the percerntages.

Normal barometric fpressure, or physical atmosphere:

B=760 man Hg =1.03Z: xyscm2,
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The technical atmosphere:
P =1 at=1 kg/cm2=735.6 ma dy with 0¢°C;
p=737.4 mm Hg with 150C;
p~~10 m H,C wath 49C.

Absolu*te, either real, fpressure:

Po=p5+P_ }

Paapt—ph “)

where P7» - atmospheric, or rarcmetric, pressure, am Hg;
p - overpressure (reading mancmeter), am Hg.

P» - vacuum, or rarefacticnsevacuation (reading vacuum gauge), om

Hg.

Prassure at any pcint withir the liquid:
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PRI .

P=ps +1Z cg/n?, (2)
where p, - oressurs abcve the surrace of liquid, kg/m?;
v - the specific gravitysweight of liquid, kg/m3;
. z - submersion depth ¢f pcict under the surface of ligquid, u.
Tha force of pressura ct iiguid on the flat/plane vertical uall;
P=(py+1za) F X3, (3)

where 2z, - heightsaltitude, egial to the sutuzersicn depth of the

gecmetric.center cf wali, n;
P - ar2a of wall, n2.
The force of pressura cf liguid cn the inclined wall:
P=(py + 12,;) F cosa «g, (4)

vhere a - angle of ccmfpcneut w#ith the normal to the wall.

0.‘

During +he determipaticn c¢f fcrce of pressure cn the curved
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PRSI

surface of wall into fcrmula (4) 1nstead of F ccs a is substituted

the projection of surface, perpendicular tc fcrce direction

The pressure of vapcer ¢r gas (characteristic egquation):

p==L kysuz, (S)
. |
whers2 R - gas constant, ky=a/Ky 9K: fcr the saturated water vapor {
|

R=47,05, for air R=29.27;

T=273.2+%°C - absolute temperature, ©°K:
v - specific volumz, m3/kg.

Absolute condenser ltackpressure:

o
Pe==b—h ux pr. cr.
b—h (D

 pe . 4 |
! Px= 735 ama , (6)

p.=( —1?0%) 735,6 4n ?r cT.

Key: (1) . mm Hg. (2). ate(abs.).

where b - reading baroseter, sa Hg;

h - reading vacuue cauge, as Eg;
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Pr - vacuum in the capacators/condenser, c/c.

Rarefaction/evacuation in the capacitor/ccndenser:

7356
Pr= 75 100, s, )
whars Ps - *he same as in fcrmula (6).
Page 7.

The pressure of mixture an the capacitor/ccndanser:
Pemw=py+p, 20 Hy (8)
where p, - partial pressure cf vagor, msm Hg:

P» - partial air pressure, EE Hg.

Partial pressure cf vagpor can be detersined according tc tables
1 and 2 fcr the water vager (s<e agplicaticns,/arpendices) in
depending on the temperature ct aixture,

Partial pressure cf vagpcr in the air-steam mixture:

Pen
Pa== ——2— 20 Hg (9)
140622 5
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Partial air pressure in the air-steam pixture:

p.=——-b.”"' - . as dg (10)
1+1,61 G

Here p, ~ pressure of mixture in capacitor/condenser, mm Hg;

D - quantity of that entsrinyg capacitor/ccndenser of vagcr,

kg/h;
G - quantity of air, ky/h.

Critical pressure cf vagcr (atm(abs.)):

® wacuwennoro p,,=0,577 Po} (1)

(Dneperpetoro p,,= 0,574 p,

Key: (1). saturated. (z). cverneated.
whera pg - ipitial presscre of vagor, atm(aks.).

Water vapor pressure - see agpflicationsy/apgendices, Table 1 and

Selection of deosign fpressures.

+
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The pressure of cccling water in the brarch pipes of pugps for
the capacitors/condensers, tke 01l coclers, the coolants of
condensate and othar sigilar tc them apparatuses and the pressure cf
the preheated feed outtcard wateér in the preheaters for the
vaporizars/evaporators is accaptea from the cc¢nditicns of c¢vercoaming
the losses of head in the systes of this conduit/manifold, in the
established/installed ot it arraratuses and tte accessdries, and also

in depending on final ccuntergLessure.

A

Usuallv the calculated water nressure » is:
1) for the capacitors/ccndensers and the oil ccclers 8-25 m H,C:

2) for the vaporizerssevagcrators 15~-4C m water column.
Page 3.

Vapor pressure p cf the heating for feed heaters of first stage
usually is approxima*ely 1.,5-2.Z5 atm(abs.), since in essence for
preheating water in the freneaters is utilized the exhaust steam frcm

the auxiliary mechanisms cf a sachine-boiler installaticn.

Vapor pressure p of tihe beating for feed heaters of the sacond

and third steps/stages is 5 atm{(aps.) and it is above. For this

TR 1t &, oA i s P

R
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purpose is utilized the exhaust steam frcm the group of the auxiliary
mechanisms, which work tc tne i1rcreased courtergressure, or the

vagpcrs frem main turtines.

Vapor pressur2 ©t of toe heating in cil heaters usually is
accepted on 3-5 atm(ats.) nigbher than pressure of petroleum and in

the majority of the cases 1s 20-2z5 atm(ats.).

For some types of 1injectcrs tne pressure of petroleum can reach
40 atm(abs.). In *his case, and also at the rressures of petrcleus,
which exceed pressure of vapcr it 1s expedient tc apply oil heaters
with the dual tute plates or secticnal cil heaters which work on the

high parameters c¢f vagcr.

Prassure p of that heating (primary) vapcr in the

vaporizers/evaporators is reccmpsended the accepting of:

1) for the vacuum evapcratcrs 1.5-2.,5 atm(abs.) (usually as 3
heating steam is utilized tne exaaust steam frcm the auxiliary

rechanisms) ;

2) for the vaporizerss/evapcrarors, which wecrk under the positive

Fr28sur2, 3-5 atm(abs.) (is applied also ths mastered or thrcttlsd

live st2am).
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Ouring the polluticrs/contaziaation ¢f the heating coils the
vapor pressure of the lteatinyg fcr the purpcse cf the maintanance of

rroductivity, can be increased to & atm(abs.).

Prassure p, of the secondary steam in the

vaporizers/evapcrators, as a rule, is accerted:

ama
‘0138 RaNYYMHMX OIHUCTYACHYATHIX . . . . . . . . . 3,5=0,8
€3) Aam PaKYyYMNLIX UNPKYIRUKONNBIX . . . . . . . . . 0,3—0,7
CY)Ian HAKYYMHBIX ABYXCTYNCHYATHIX:

(Wn noprod etymem . . L L L . L L L L L L L. 0,6—0.8

4b) Bo BTOPOR cCTynmemwm . . . . . . . .. .. .. 0,2—0,4
f$)11% aTvocPepHuIX, 3 TIKKE 33 Hcnaputeach ¢ Aas-

JeHneM BMIse aTMochepl . . L . . L L L L L . . 1,0—-2,0

Key: (1) . atm(abs.). (<). FPcr vacuum single-stage ones. (3). Por
vacuum circulaticn ones, (4). For vacuum twc-stage cnes. (4a). in
first stage. (4b). in the seconé steps/stage. (S). Fer atmospleric
ones, and also for vaporizerssevapcrators with pressure higher than

atmosphere.

Vapor pressure p c©f tane heataing for the atmcspheric apnd vacuum
deaerators is received as 1.2-2.0 atm(abs.) (usually is utilized the

exhaust steanm).

Op2rating pressure in the housings c¢f deaerators is accepted:
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1) in vacuum O, 1~C.Y atm(abs.);

2) in atmospheric 1.1-1.4 atm(abs.).

Vapor pressure p cf working in the steam-air ejectors is usually

received as 10 atm(abs.) and it 1s above,.
Page 9.

Vacuum in the capacitorss/condensers depends on a number cf
factors (principal of them are teagerature and quantity of cccling

water) and is usually withain the limits:

1) for the shiptcard turbine plants frcam p,=95, with t,;=159°C
to Pr=9%% with t,=300°C;

2) for stationary installaticrs p,=96-975%, with t,;=10-15°C cor

during the cooling by river water in the unlimited gquantity;
3) for installaticn with steasm engires vacuum p, in essence is
limited by the sizes/dimensicns of low-pressure cylinder and it

usually composes 85-87c/c.

Absolute condenser tackpressucre near thke place cf air exhaust
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(-0 avoid the overexperditure cf energy to the exhaust

tf device/aquipment and ar increase€ in its dimensicn) sust be nct less
- than 25 mm Hg:

3 pl=pl—APD

% where p, - absolute ccadensecr racikpressure, am Hg;

Ap - steam resistance of capacitcr/condenser, mm fAg.

§2. Temderatures and their difterence.

Temperature characterizes ths degree of the warath of bcdy.
Temperature is measured in the Gegriees acccrdirg to international
thermometric scale, acccrding tc wkich teasperature cf the fusicn cf

ice at “he normal atmospheric pressure is designated through (°C,

while the boiling point of water - throuch 10C°C. The temperature,
m=asured according tc the anteé¢rnational scale, is designated ty

i ; letter +, and its scale - °C,

Temperaure counted cff frcs the absclute of z2roc temperatures,

b is called the absolute tesgeratuze:
& T=273,2 4 ¢ °K, : (19

whare t - temperatire, °C.

Mean tamperature cf the heat-transfer agent:

tp=0,5(¢, + ¢,) °C, (13)

1 A 4y TR W ¢ WS e e =

e g =+ o T Ty YT WAV 7 A T R T g i Sy I
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P* where t, - initial temrerature cf heat-transfer agent, °C;
f t, - final temperature of heat-transfer agent, 9C.

Mean temperature Cr ths sixture:

Giey + Gty + . . .
Gyep + Ugeg + . ... °C, (14)

b=

whers G,, G, - weights ¢f tne compcnents, entering the mixture, kg

Cys Cp - averages/sean heat capacities cf ccmponents, kcal/kgoC;

t;, t - temperature c¢i ccspcoents, °C.

Fage 10.

Mean temperature of the wdall, which divides twc heat-transfer

agants:

=05 (i 13 8) e, (15)

Vo where t,, t', - initial temgeratures of heat-transfer agents, °C;

-y

0'.‘

ta2s %“'2 - final tesjeratures cf heat-transfer agents, 9°C.

T T
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Meran temperature c¢f the surrdace of the wall:
£=0,5(¢, +t3)°C, (16)
where t, - mean temperature of heat-transfer agent, °C;
t? - mean temperature cf wall, °C.
Formulas (15) and (16) it is fpossible tc use alsc for

deternining approximate value of tne temperature of the surface cf

wall with small differecces in the temperatures cf heat-transfer

agents.

Temperatur=2 of the surface cf single-layer wall 1:

1) internal

t =¢|‘|+Afgoc

h a4+ A . (17)
b, =t +¢1°C; (18)
2) external
= f1t a:Bt
ber, '.+¢,B’°C (19
ey =t — 4+ °C. (20

vhere t, - temperature cf medius from inside cf wall, °C;

t, - temperature cf medium frcm the face cf wall, °C;
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a, - heat-transfer coefficient of mediuam from inside of wall,

kcal/m2h ocC;

a, - heat-transfer ccefficient cf medius frcm the face cf wall,

kcal/m2h oC;

g - quantity of heat, transierred cf 1 »2 ¢f the surface of

wall, kcal/m2h;
s - wall thickness, ;

A - coefficient cf the tbersal ccnductivity of wall, kcal/m-hour

OC;

A and B - values, detcreined according tc the fcramulas:

=1 . 1 s
A—i [ 8=;’+T.
At

‘
FOOTNOTE !, For calculatiny the tamperatures cf the surface cf wall
the heat-transfer coefficients of aedius a, ard a, in the first
calculaticn ar2 received tentacively accecrding bty this cn page 78,

and then, according to th2 determipation of their valuss, in that

produced the calculaticn ayain 1s done the refined calculaticn of
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these temperatures. ENLECCINCIE.
Page 11,

The temperatures c¢: toe sufface of walls {,, and /[, cacr be

detarmined graphically (Fige 1) as fcllcus.

on the  x axis plct/degosit value s/x, and con tcth sides
frem it the cuts, equal to 1,a; ané 1/a, frcr ends/leads of which are

established the perpendiculars.

At a distance of t,; and t, frcm the axissaxle x-eg and is
parallel to it draw a lipe cf temperatures, which intersect with the
parpzndicunlars at points a and c. Straight lire, which connects these
Eoints, intersects the surface cz wall at pcirts ¢ and 4 and gives

unkpown tamperatures £, and fq,.
Mear temperature c¢f tae toundary layer:
tf’ =0’5 (tep + tn) oc: (2”

whera /s - mean temperature c¢f medium, °C;

ty - temperature of wall, determined according to fcrmulas

{17)~-({20) or by graphic getncd, °C.
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By fcrmulas (15) =-(z1) used during the calculaticn of neat

transfer and hydraulic resistaace.

During *h2 derivaticn cf calculaticn fcrsulas cn heat exchange

and hydraulic ressistance frcs ccnducted experiments the individual

L authors applied the different metncds of calculating the determining
temperatur2 in order tc consiaer thbe effect cf heat flux. Scse of
them as thé detarmininc temperature accepted the tsmperature cf wall
ten determined accordirg tc fcraulas (17)-{z(C), others - mean
t2mperature of medium ¢, determined acccrding tc fcraula (13), the
third - different ccebiréticns, thke¢ fcurth - gean temperature of

boundary layer ¢, determined according to fcrmula (21)and, «tc.

Using calculaticn fcraulas on heat excharge and hydraulic

resistance, it is necessary the determining temperatura to calculate

tv that method which was used with the derivaticn of calculation

fcrmulé.

O“
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Fig. 1., Graph/curve cf detersination of temperaturs of surface of

wall.

Rey: (1) . Medium.

Fig. 2. Graph/curve of deterzinaticn of temperatur= of surface of

twc-layared wvall,

Page 12.

Temperature of the surface ci two-layered wall (Fig. 2): ’

1) *he external surface ct the first layer cf the wall

*

-

1
\




LA MY M N e e D i

DOoC = 80040201 EAGE 23

14 a‘
; ={W+;0%+%
T,

°C; ' (22)

4C+ o D+D

2) the external surfacs of tae saccnd layer of the wall

¢ = 20h + (3D + 30,0) 4y °C'.

T (@ +a9 D + aynC (23)

3) on the boundary Letween the¢ layers cf the walls
. s .
tcr = tn. —4q —A-:-at". +4q %°C° (24)
Here a, - h=zat-trarsfer ccefrficient of the first layer, kcal/azh

0c;

a, ~ heat-transfer cocefficient of the seccnd layer, kcal/m2h

ty - temperature ci mediup frcm the side c¢f the first layer, °C;

t, -~ temperature cit msedius frcm the side of the second layer,

S, - the wall thickzess cf the first layer, m;

S -~ the wall thickress cf tke seccnd layer, nm;
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Ay ~ coefficient ct the thersal conductivity of the first layer

¢f wall, kcal/m-hour C;

A, - coefficient cf the thermal conductivity of the saccnd layer

cf wall, kcal/ma=-hour 9C;

g - quantity cf heat, transferred cf 1 2 cf the surface of

wall, kcal/m2h:

C and p - value, they are determined acccrding tc the fcrmulas:

A . LI
S”D=S‘$o'

The *emperature of tae air, driven cut frcm the

capacitor/condenser, is accegted:

1) according to data of tike experiments

’

L=t +440,1 (¢, —¢,) °C; (25)
* 2) according to the data c¢f the practice
ty="t, + (3+5) °C, © (26)

vhere t, ~ temperature ¢f coclirg water upon the entrance intc¢ the

capacitoar/condenser, ©°C;

b

S . .. arer
e _— .- s
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t, - temperature ct ccoling water on leaving frca the

capacitor/condenser, °C.

Calculations acccrding tc fcraulas (25) and (26) give clcse

resultse.

Page 13.

Th2 tamperaturs of tne superhbeated stear which at the saturaticn
rressur2 is ccndansed as tie saturated stean:
o =£, + 0,0001515 2, (¢, — ¢,) °C," (27)
whers ¢, - saturaticn teusperature, which corresgonds to condenser

kackpressure, 2C;

a, = heat-transfer ccefficient cf water, kcal/m2h -9Cy

t, - temperature of cccling water upon the entrance into the

capacitor/condenser, °C.
Formula (27) is agpplied during the determinaticn of the cooling

surface of capacitcr/ccndenser, if it is necessary to lcwer the

temperatura of *he superheated stecam bafers its ccndensation.

The temperature of tae saturated water vapcr tentativély can te
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determined according tc tae fcllowing approximated formulas:

4 1 ¢
t, =100V p, °C r{pn Pa=1,0—-25 ar?z%;

3
t, =100V p, °C npn p,=0,1—1,0 amu;
t,=145Vp, °C npn p,=0,03—0,1 ama,

K2y: (1) . with. (2). atg(aDsS.).

(28)

(29)
(30)

vhere p, - pressure of saturatéd steam, a%tn (abs.).

The temperature of sater vaggcrs - see aprendices table 1 and 2.

Lifference in the temfperatures.

By a difference ir thke temperatures is urderstcod the heat drcg

tetw2en the final and ipitial tesperatures, wkile by the average/mean

diffarence - an heat drc} tetwe<n mean temperatures cf heat-transfer

agents,

Quantity of heat, transferrad through the
heat exchange, proporticral tc an average/meatr

temgreratures.

dith a uniform and small teaperature drcg

surfaca of heating or cooliry)} ar average/mear

surface during the

difference in

alcng the length of

difference in the
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temperaturas will be aritametical, which is changed on the straight

line from the initial tc¢ final céifterence.

4ith the more interse keat exchange and large differences in the
tepperatures, which usvally is ckserved in the heat exchangers, a
tampzrature droo along tha length ¢f surface is unevep; in this case
. an averayge/mean difference in the temperatures will te logarithaic,
which is changed on the curve fr¢s the iritial tc a finite difference

in the temperatures c¢f heat-transier agents.

Fage 14.

t—t
L—t
tetwaen the average/mean lojaritvhsic and aritbhmetic mean does not

If relation <2, tahen a difference in the temperatures
exceed 4o/0. In this case it is pcssible tc use fcrsulas (32) and

; (33) arithmetic mean diftersances in the temfperatures.

The value of an averagesmean difference in the temperatures
. dagends not only on the values cf the initial and final tenmgeratures
of heat-transfer agents, pbut alsc ¢n the directicn ¢of the moticn of

their flow.

0‘.

Tha schematics c¢f tha directicn of the mcticn of heat-transfer

agents, which ar2 usuwally enccuntared during the calculation cf ar
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average/mean difference in the tesmperatuces in the apparatuses, are

given in Fig. 3.

A lifference in the tegpsratures of the heat-transfer agents

b=t —t °C, ) (31)

vhere t, - the greatest temperature of heat-transfer agent, °C;

y
F -
l' ty, - the minimur temperature cf heat-transfar agent, °C.

g Arithmetic mean diffacrapnce in the tempereztures:
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1) for the unidirecticnal flow
| 3¢=0,5[(¢, — &) + (t, — )] °C; (32)
2) for th=2 countercurrent
38=05[(¢, - t) + (&, — )] °C, (33)

where t,, ', - initial temgeratures of heat-transfer agents, °C;
t,, t', - the final temperatures of heat-transfer agents, °C.

- The diagqram of a change 1n the temperatures of heat-transfer
agents and arithmetic rean difference in the teeperatures in the
dependence on the directicn c¢f ccclant flows is depicted in Fig. 4.
Lines AB and CD show a ckance 1n tie temperattres over surface of F

with th2 countercurrent, iinas BE and C'D' - with 4he unidirecticnal
E flow,

O T R [ty
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_t‘ tz ) t‘ tg
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Pig. 3. Fig. 4.

Fig. 3. Schematics of darecticn of motion of teat-transfer agents.

Key: (1) . Onidirectional f£lcw. (). Ccuntercurrent. (3).

Crcsscurrent. (84). Displaced current.

Fig. 4. Diagrams of change aritanmetic msan difference in

taemperatares.

Fage 15.

Averaga/mean logaritamic difisrence in the temfperatures:

1) for the unidirecticnal flcw
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t—t)—(—1)

231 h—t
g_t
b

C. (34)

Th2 diagram of a cananje 1n tne temperatures cver surface of F

with the unidirectional flcw is degicted in Fig. 5;

- 2) . for the countercurrent
t, — ) — (ty — t
at= ==l o (35)
231g 125

The diagram of a change in the temperatures cver surface of F

with the countercurrent is given ia Pig. 63

3) for mixed and cre¢sscurrent:

: ) 4+ 4
(g —ty)— ( 'z_Lz'—z) c

. ' At =

. (36)

Tha diagram of a change in ths temperatures cver surface of F

‘. with th2 mixed current is represented in Fig. 7:

4) for the case when teagerature of one cf the heat-transfer

- agents (fcr examplea, ccndansakle vapor) is rermanent, the difference

retwien the nnidirecticral flcw and the ccuntercurrent disaprears and
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the formula cf an averageésmsan lcyarithamic difference in the

temperatures takes the fcllowing¢ fcrm:

b=t o
At = ;7:'-7: C. (37)
87r—4,
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'
i \ t€.
/'—— = . £

tl

F F
g
Fig. 5. Fig. 6.

Fig. 5. Diagram of charge 1n tesperatures witk unidirectional flow.

Fig. 6. Diagram of change in temperatures with ccuntercurrent.

Fage 16,

The diagram of a chanye in the temperatures cver surface of F

during the heat exchange when cre cf tha heat-+ransfer agents has

Fermanent temperature, is yiven in Pig. €;

5) for single-flow capacitcrsscondersers with cresscurrent of

water and steam accordirg to experimental data;

-t .
T - °C. (38)
b—f H—h

1-23—1 :
'3“—'2 3’1—'“

At = -
231g

6) for the capacitcrs/ccadensers of twc-flcwing cnes and more:
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=) — (&, — to
st 2f :(_l:‘ ¢y (39)
231g 2

1— b

Here t - permanent temperature of heat-transfer agent, ©°C;
t;, t'; - initial temperatures of heat-transfer agents, °C;
ts, t'>, - the f£inal ceapsratures of heat-transfer agents, °C.

In formulas (38) and (39) as the initial temparature of vapor t,
is accepted saturaticn temperature of varor wkich ccrresponds tc
absolut2 condenser backpressure, asd for the firal - saturaticn
tamperature of vapor t,, uniéh corresponds tc aksolute ccnderser

tackpressure about tte place ¢cf air exhavst.
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¢ = t = & jtxconst
7 7 — t
’ \ \ 2 .
é \‘ tz 23 /// "\
, >“ = t2 L t:const ,
t/ F — t’ F F ‘I %
a 0 d ’ a g
Fig. 7. g, 8,
Fig. 7. Diagram of chanye in ctenperatures with mixed current. i
!‘

Fig. 8. Diagram of chanye in tegperatur2s during heat exchange when

P ¢ne of heat-transfer agents has fpermanent tesperature.

Fage 17.

If heat-transfer agent is the superheated steam and if the

temprratur? of +he walls c¢f toe tupes lower than temperature cf its

RN PR S A YT TP el (W el A o AT

saturation, *hen in formula (34) cf an averagesmean lcgarithmic

;
difference in the temperatures is substituted the temperature of §
4 : .
| saturaticen, and not superhncated steam, which correspcnds to its ;
Eressur<.
4
: by For the apparatus<zs with the more ccmplicated crcssed ard mixed

!

r currant the calculaticn c¢f averagesmean differences in the
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temperatures becomes coamplicatea py mathematical calculations. In
+his case their calculaticn can L produced acccrding tc forgmula (35)
with “h2 subsequent multigiication of result £cr correction factor
determined on the qrapnsscurves of Fig. 9-12z, given fcor different

flcw charts cf heat-transfer agyents.

On these graphs/curves tke value of coetficient « 1is given as

the function of two dizersicnless yuantities :=f(PR), egqual to:

ty—t
- .

tr—4




i RARNEAA AR v & RS SRR o P N Lol N I e e

i o A i PO MM - o a1

3 DOC = 30040201 FAGE 37
3
10 \‘\\\
NS -—
49 ;\.‘}(\ C g;:;Es-t,
goH-LHH A
. R4 20\15\1O\GNS
@ T . .
06 T
gs LI
7 8/ 42 a3 49 35 G5 47 08 49 0P

. Pig. 9. Values of correctica factor s=f(PR) fcr determining the
average/mean logarithmic difference ir the temperatures in the

compound circuit of the moticn cf liquids.

€ .

PHENCRRORRE @:,‘:
-1 ‘ ‘ H
O eedalidad N G- 4z b %
47 X : i
! |

» x |
YrarazoTar 9545 27 45 43 0 P |
!

!

Fig. 10. Values of correcticn tactcr :=¢(pR) fcr determining
average/mean logarithmic difference in temperatures in compourd

circuit cf motion of licuid,.

Page 18.

- The relaticnshigp/ratic of average/mean differences in the

temperatures in the twc-stage evapcrator with the equal heating
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surfaces in each step/staga

_ 0.0

-t

F i Mg (40)

wvhere At, - an averagesmean ditzerence in the temperatures in first

stage, °C;

- At, - average/mear GiLterence in the tesperatures in the second

step/stage, °C;

Q, - rate of heat transsissico in first stage cf

vagcrizer/evagorator, kcal/b;

Q, - rate of heat tramssissico in seccnd step/stage, kcal/h;

ky, - coefficient cr heat transfer ir first stage, kcal/m2h

ka - coefficient cf neat transfer ir seccnd stage, kcal/m2h

0‘.
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Pig., 11, Values of correcticn factor :=f(PR) fcr determining the
average/mean logarithmic Jitference in the tesferatures in the

cempcund circuit of the motiom cf liquid.

)

Pig. 12. Valuss of ccrrecticn factcr :=/(PR) fcr determining
average/mean logarithmic difference ir *emperatures in compound

i circuit cf motionm of liguid.

Page 19,

Selection of calculated teaumperacures.

The temperature of tha cutkoard water: 1) the initial calculated
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temperature t,; of the cccliag cr preheated cutbcard water is equal to

approximately/exemgplarily 15-2(9¢C;

2) the final calculated teaperature t, c¢f the cooling outboard

water:
In the 0il coolers ... <0-259cC,
In the capacitors/cCnde€DSELS oo 23-3z°C.

Increase in the teaperature at of ccoling water in the

capacitors/condensers:

“Two-pass and more than ... 8=-11°C.

Singla-pass ... €-39C.,

For the capacitcrs/condensers, which wcrk with p30.1 atm(abs.),

At=13-17°C.

Th2 final calculatecé temgarature t, of the preheated cuttcard

water in the preheaters c¢f vaporazers/svaporatcrs is usually received

as 60-909C; in +the preheaters ot the circulaticn

vaporizars/evaporators:
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At a pressure in hcusing orf the vapcrizer/evaporator 0.7

atm(abs.) veoe 10“-1C6°C.

At a pressore in tine nousinyg cf the vagcrizer/evaporator 0.3

atm {(abse) eee 859¢,

Temperature of feec water. The initial temperature of feed water
in the preheaters is usualiy tae temperature cf the ccndensate, which
enters from the capacitcrs/ccnderser, taking into account its increase
in steam-jet airs ejectcr, mixers and other afpparatuses, if they are
establishad/installed cn the way from cagacitcr/condenser tc the

greh2atar, or %he tespersture cf ccndensate ir ty heat box.

Initial calculated temperature t; of feed water usually

lies’rests within limits cf 36-5Q9°C.

Final temperature t, of feed water in the preheaters is selected
in dagending on the thersal circuit of installaticn and number of

steps/stages of preheaters in it, and alsc ¢n the ccnstructicn/design

¢f boiler, and usually it is accepted:
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°C
(N [pr oanocrynenzarom nozorpese . . .. . . . ., . 95—118
(%) Npw amyxcrynenvstow nosorpese . . . . . . . . . . 120—170
(3011pu TPEXCTYNERTIATOM NOJOrpPese . . . . . . . . . . 170—22

RRry: (1). With the single-staye cf preheating. (2). With two-stage

rreheating., (3). During tarse-stage preheating.

- Temperature t of the neated water ip the atmospheric deaeratcrs
is raceived as 102-1049C, and in the vacuum cnes =~ ccrresponding tc¢
the boiling point with this working pressure in the housing cf

deaerator.

Fage 20.

The temperature of heating stzam: 1) fcr the
vaporizers/evaporators sinimus temgerature t of the saturaticm higher
than temperature of the seccndary steam an 15-20°9C, but maxiruam (with
the sup2rheated stear) is act oigyher than 20C0-230°C;

\

2) for the deaeratcrs (with tne mastered superheatad steanm)

+=180-2309°C;

3) for feed heaters and preheaters cf the circulation

vaporizers/evaporators, shiach wcrk on the extaust steam, tg230°C:
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4) fcr thas prehsaters cf usual evapcrative installations (vacuunm
or workirg under the fpressure) greheating water is ccnducted Lty the

secondary steam of vapcrizerssevapcrators8 or ty ccndensate of heating

steam.

Th2 temperature of tne petrolem: 1) the ipitial calculated

t2mparatur2 t, of petrcleum in seaters of fuel/rropellant is received
as 10-159°C;

2) the final calculated tssperature t, cf petrcleum usually is

taken within limits cf 9C-959C;

The temperatur2 of cil: 1) tne initial temperature t, of oil

upcn tha antrance in oil ccclers usually is agrrcximately 55-60°C;

2) final temperature t, cf cil, which eamerqges from the cil

cccler:

For the lubricaticn of the Ltearings of shafting, turbines,

r5ducer’ etCe v u5-55°C-

For the lubricaticr cf the testh of rsducer and automatic
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ccntrel ... 3s5-459cC.

The selection of the calculateéd temperatures of oil is ccnducted
in the Aependence on the viscesity of cil used: the less the
viscosity of oil, the is accepted relcw the temperature of

lubrication and vica versae.

A difference in the tamperatures At betwe¢en the initial
temperature of the heatiny (cccling) medium and the final temperature

of heatad (cooled) medius must comgrise not less than 3-109°C,

A difference in the temgeratures in the capacitor/condenser
between *he condensable vagcr and the cocling water cn leaving cn the

average ccomprises:

(1) Jas cTaunoHapHuiX TYypeHN . . . . . . . . . . . . . 4,96,5
(2) Jan nopwueniax naposmsx Mawmsg . . ... . ... 8,5—I11
E laa xopaGeavitix Typ6oycCranosox cpeaned mow.,
Y woctH (18—35 twe. 2. ¢) . . . .. ... . ... 2228
e () das xopaGeabusix typGoyctanosox Goaswio sous-
; HOCTH (S0—63 ThiC. A ¢.). . . . . . . . . . ... 8,511
g () 1aa xomMMepuecknx Cyaos ¢ naposmumu TypGamamu  6,5—8,5
E ! (6131 KOMMEPUIECKHX CYR0B C RAPOBMH MIUIHHAMM 14--16,5

Rey: (1). For the staticrary turtipges. (2). Fcr fpistcn stean
machines. (3). For shifp turbcinstallations c¢f average/mean pcwer
{18-35 thousand hp). (4). For ship turboinstallations of large pover

1 {(50-65 ~housand hp). (S). Fcr ccamarcial vessels with steam turbines.

(6) . Fcr ccmmercial vessels with steam 2ngines,
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A difference in tlhke tesgeractures At betveéen the primary and
secondary steam of vapcrizerssevapcrators it is expedient to assign

within limits of 20-209C.

A difference in the temfperatures At between the temperature of
the antrance of water irto the circulaticn vapcrizers/evapceratcr and
the temperatur2 of the cutput ot crine from the vapcrizer/evagoratcr

is received as 12-15°9C,.
Page 21,

Difference in the temperatures At betweer the temperature of
condensaticn and the tesferature ¢f condensate cn leaving frcas the

capacitor/condenser:

In the regenerative capacitcrs/condensers ... 19C.

In the nonregenerative capacitors/ccndensers ... 4oc,

A difference in the teamperatures between the temperature of the
condensable vapor and tne temperature of air, i.e., the possible

value of supercooling ccndensate in the condersers cf the tygpe 0-V

for guaranteeing the receneraticn
At-tl— tl+ sﬁco
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wvhere ¢, =~ condensaticn temgerature cf vapcr, °C;

L. temperature of the air, ariven out frcm the

capacitor/condanser, °C.
§3. Volumes and weigtkts.

By the specific vcluame of substance is ucnderstcod the ratio of
thz volume, cccupied by suostaunce, *0o its weight. Unit the
measureazent of specific volumes - 23/kg cr cmd/g.

The value, reciprocal to sgecific vclume, it is the specific
gravity/weight of substarce and is designated ty letter 7.

Dimensionality of specific jravaity/weight - kg/m3 or g/cm3.

The mass of unit vclume 1s called density and is designated by

letter p,.
The specific volume of the medium:

. V__ 1 a3

wvhere V - volume, occuri€d ty medium, the m3;
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(7]

- weight of medius, ky;

-

- the specific cravitysweight cf medive, kg/m3.

Tha specific volume cf vapcrs and gases (characteristic

equation):

v=i:—r- ad3/kg, (42)
where T - absolute temperacture, °9K;
p - pressure of vagcr ¢r gas, kg/m2;
R - gas constant, kc-m/kg %K.
Th2 specific volume of the superhesated stean:

v,.=‘—7'%“"—’—o,016 a3/ kg, (43)

vhere T - absolute temperature cf vapor, °K;

E - pressure of superheated steam, kg/m2,
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Page 22.

Specific volume of wet steam:

v,=X0, a3/kg, N (44)

where x - a degree of dryuess cf steam; pair;

v,

- the specific volume c¢f dry saturated steam, m3/kg.

The specific volume 0f the miiture:

G|'I|+vaf+-~- $/5
V= G Gy Sy (45)

vhera Gy, G, - wa2ights ¢t the ccagcnents, entering the mixture, kg;

V3o V2 - the specizic vclumss of the ccmpcnents, entering

rixture, m3/kg.

Tha voluse of mixture in tie capacitor/cendenser (according to

the law ¢f Dalton):

V,.==V,,+ Vn x’v : ' (46)
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where V, - volume, occupied by vagcr, mnd;

V. - volume, occupied by air, m3.

The volume of the air, exhausted frcm the capacitor/condenser:

Vo= 29,27 (273 + 13) G
=
P

#h ' (47)
wvhere ¢, - *temperature cf air, °C;
G, - waight of the exnausted air, kg,/h:
Ps - partial air fpressure, kg/m2.
Th2 volume c¢f dry air ino de;eadind cn the temperature:
1
Vi=Vo(1+z5¢)#, (48)
wvhers V4 - a volume of dry air at temrerature cf 0°C and barcmetric
pressure 760 mm Hg, B3,

t - temperature cf air, @°C.

The volume cf water in the deaeratirg tark fcr the shipkcard
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installations is selected frca tae conditions fcr a 3-4-minute water
supply and is determin=d

V-‘= Vo “.

15520 (49)

wher2 W - a quantity of dsaerated water (prcductivity), t/h;

v - the specific vclume cf the deaerated water, m3/t.

Page 23.
The specific weigtt cf the huaid air

Tor = Teya — 0, 176_’# K3/4°, (50)

<)

where T - the specific weignt cf dry air (it is found through tables
; h, - water vagcr

S cf apolicationsyappendices), cf kg/m3;

fressure upon the complete saturacion of air, mm, Hg;
absolute temperature cf humid air, ©9K;
relative air hbumidicty:
(4

partial water vapcr prassure mm Hg;:

moisture conteat c¢f air with this temrerature and
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this saturation:

d=622 " _ jskg dry air,
B8—h,

d, - a moisture ccntant of air with this temperature and upcn

complet2 saturation, the Jy/kg;
3 ~ baromstric gressure ¢f atmcspheric air as the gas mixture:
B=h+hk, na Hg,
where A, - partial pressure ci dry air, sm Hg.

The weight of the humid air

Gua=Giyu + G, K2, (51)

wvhere Gg= 251;3";! - weight ¢ dry aar, kg:

Gy=

&:ﬁr weight of water vapors, kg.

Here B - barometric pressure c¢f atmcspheric air, nm Hg;

%y - partial water vagcr pressure of the atmosphere, ma Hg;
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T - absolute tempzrature of air, °9K:

number 2.153 - the gas cc¢nstant cf dry air ir the measurement of

rressur2 in kg/m2;

- numb2r 3.4bl - gas ccnstant water vapors in the measurement cf

Fressure in kg/m2,
4 Page 24.

The specific gravitys/weigant ¢f oil-prrcducts with different

temfperatures

T=Tw—B(t—20) t/n3, (52)

whera y,g - th2 specific yravitysweight c¢f cil-groduct with 2z0°C,

t/mJJ

B - temperature correcticon fcr 1°C (it is determined on

Tables 1)

S R
[}

A28

t - temperature cf cal-grcduct, °C,

ST Team T AR

s ook A an B o = 3 -+ mamn
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Thae graphs/diagram cf the dependence of tte specific

gravity/weight of differeat cil-prcducts on the temperature is given

in Pig. 13.

Specific volumes and weiynts of water vapors, air and liquids -

se2 applicationssappendicas, T atle 1-14,
The enthalpy (enthalpy) of the humid air:
ine=0,24¢ + (0,46¢ + 595)d10™* kcal/kg dry air, (53)
wherz 0.24t - enthalpy c¢f dry air, kcal/kg;

0.46td10™3 - heat of superneat ct the water vapcrs, which contain in

the air, kcal/kg the dry aar;

59594 10=3 - heat of vagcrizaticr with 09C, kcal/kg dry air.

}
!
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Fig. 13. Graphy/diagram ct tne depandance of thke specific
gravity/weight of oil-prcducts ca the tesperature, M12 - petrcleun
residue the sailcor; M120 ~ petrclaum residue raval; M40 - petroleus

rasidue furnace; UOT and T - lucricating cils.

Key: (1) . t/m3.,

Tabl2 1. Values of temperature ccrrecticn 8.

Y aeavnnil
sec npH 3
t=2°C

0.9 0,000633
0,91 0,000620
0,92 0,000607
0,93 0,000524
0,94 .0,000581
0,95 0, 000567
0,96 0,000554
0,97 0,000541

Key: (1). Specific gravity/weignt with.
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§ 4. Heat capacities.

Heat capacity, cr weignt specific heat, is called a quantity cf
heat, nacessary for *he téatiny 1 kg substances on 19C. With an
increase in the temperature tke heat capacity incrsases (fcr mercury

it decraases).
Page 25,

The heat capacity cf imparfect gases dapends nct only on
temperature, but alsc ¢n the pressure, and it is subdivided into the
heat capacity at constant (ressura ¢, and the heat capacity at a

constant volume ¢,

Is distinquished Pkeat capacity weight, vclumetric and mclar in

depending on that, tc winat gquantitative upit it is related.

Weight heat capacity . ¢ oOr ¢, is measured in kcal/kg oC;
*vp t 4

volumetric €s - in kcalya3 o0C ard molar pc - in kcal/mole oCc.

Tha heat capacity c¢f the water:

¢=0,9983—0,005184 £ 10~? 4-0,006912 £ 10~* kcal/kg oc, (59)
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wher2 t - temperature cr watez, °C.

Thermal capacity cf water vagcr:

ey=e, + 05312 (F) + 11091 (2) (%) kealkg  oc, (59)

where ¢, = 0.3613+0.00C17301+ 22 - heat capacity with p=0;
p - absoluta pressure, Kg/m2;
Pw= 225,05010% - critical pressure, kgsmp2;
Tw= 273.2+374=647.z - critical tamperature, O°K;
T - absolute temperacture, 9K.

Th2 heat capacity ¢f overheated water vagcr in depending on
temperature and pressure of steam - see applicaticns/appendices, Fig.

1.

The heat capacity ct the cil-products:

1
-¢,== (0,403 + 0,00081¢) —— kcal/k oc
2= ( + )’,m alskg .
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wvhere t - tamperature cf oil-prcducts, °C;

Yi1s - the specific gravity/height cf cil-products with 159C, t/m3.

The graphsdiagram c¢f the dependence of the heat capacity of

cil-products on the temperature acd the specific gravity/veight is

. reprasentad in Pig. 14,

Heat capacity of the air:

¢y=0,2404 + 0,0000843 ¢ kcal/kg oc, (57)

wvhere t - temperature c¢f air, °C.
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Fig. 14. Graphs/curva of a chanye ¢f the heat capacity of oil-groducts

in the dependence on the temperature and the specific gravity, weight.

K2y: (1). kcalskg.

Fags 26.

Th2a graph/curve of a chacgé in the heat caracity of the air,

calculated according tc fcraula (57), in the derendence on the

temperature is given in Fig. 15, and in the dependence on the

temperature and the pressure - 16,

The heat capacity cf the humid air:

c, = 0,242 + 0,47d 10™°
kcal/kg dry air oc, (58)

whera 4 - a moisture ccrnteut cf air, g/kg.
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Tha heat+t capacity cf the mixture:

G]f]‘. -+ Ggl-..t' 4 ...
Gy + Gty + ...

kcal/kg oc, (59)

vhere Gy, G, - weights c¢f clendirpy agents kg;
t:, t,, temperature cf tne olending agerts, °C;
Cy¢ C» - heat capacity of trne blerding agents, kcal/kg oC.

The expression cf the derandence between the mclar heat

capacity:
pC, =pC, + AR =pc, + 1,985, (60)

where uAR=1.,985 - the gas ccnstant of 1 scles in the thermal units.

Translaticn/conversicn c¢f solar heat capacity pc into weight c:

)
c={9, (61)
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Fig. 15. Graphyscurve of cnange ¢f heat capacity of the air in

dependence on temperature.

K2y: (1). kcal/kg.

Fig. 16. Graph/curve of changa cf aeat capacity cf the air ir

dependence on temperature and fIessure,

Key: (1)« kcal/kg. (2). éta(acs.).

Paga 27.

Tk2 translaticn/ccnversicn ¢f the weight heat capacity ¢ inte
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volumetric Cu.-
Cos = 7. (62)
The value of heat capacities for differert Lodies are given in

apoendices (Table 4-14 apnd Fig. 1-3).
§ 5. Coafficiants of ttermal ccrductivity.

Tha coefficient of tharmal ccnductivity indicates the atility of
substance to carry out heat. Ike value of this ccefficient determines
a quantity of heat which is passed per unit time thrcugh the unit of
the surface of wall with a temgerature drop ¢n 19C per the unit cf

length, and it is measured in kcal/m-hour °C.

The coefficient of tbe thersal ccnductivity of water in
depending on temperature is sacwn graphically in Fig. 17 and Table 6

cf aoplications/appendices.
Tha coefficient of the thermal conductivity of the water vapcr:

kg.&ml;;l_fz kcal/m-hour oc, (63)
I+-F

vhere ¢ - thermal capacity of water vapcr at a constant volupme,

equal to
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L ¢, == 0,259 + 0,0001117T xcal/kg oc,
)-

T - absolute tesperacure, °K.

Tha coefficient of the tharsal conductivity cf water and vater

vapcr in Jepending on tesperature and pressure is repr2sented curves

. in Pig. 18.

o s i
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Pig. 17. Pig. 1€.

Fig. 17. Coefficient of thermal corductivity cf water in depending on

temperature,

Key: (7). kcal/m-hour.

Fig. 18. Coefficient of thermal conductivity cf water and water vapor

in dep2nding cn tepperatule and (rLéSsSurs.

K2y: (1). kcal/m-hour. (z). Saturation curve. (3). kgs/cm2,

Page 28.

The coefficient of tanersal ccnductivity for the overheated water
vapor in depending on tesgerature and pressure - sce

applicaticns/apoendices, Fig. 2.
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Tha coafficient ¢f tne taarmal conductivity cf the air:

0,00167 (1 + 0,000194 T
A= (1+ﬂ nyT kcal/s-hcur oc, (64)

- T

where T - absolute temperacurs, °9K.

The curve of the depenaence cf the coefficient of the thermal
conductivity of air cn the temperacure is given in Fig. 19, and 20
are depicted the curves cf tlte ccerficisrt c¢f the thermal
conductivity cf different yasss at pressure 7€0 ma Hg and different

temperatures,

Th=2 coefficient of tae tpmersal conductivity ¢f cil in the range
of *emparatura3s cf 20-10(0°C for the apprcxisate ccoamputations can be

accapted
A=0,10+-0,11 xcalym-hour  ©C. - (65)

Tha coefficient of the tacrsal conductivity of oil-products can

be detarmined according tc the emgirical fcrazula

~

0.101
Tis

A= (1—0,00054¢) xcal/m=-hcur oc, (66)

where 7y;4 - is specific waigynt ¢f cil-prcducts at temperature of

15°C, t/m3;

t - mean temperature, 9¢.
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Fig. 19. Fig. 20.

Fig. 19, Coefficient of thersai ccaductivity cf air in depending c¢n

remperature.

K2y: (1). kcal/m-bhour.

Fig. 20. Coefficient of tnermal ccnductivity cf different gases at

gressur2 760 mm Hg and different temperatures. 1 - c¢cxygen, nitrogen,

airs; 2 - water vapor; 3 - rlue gaseés; 4 - cartonic acid,

K2y: (1). kcal/m-hour.

Page 29.

This formula is apgplied to the oil-frcducts with the specific
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gravity/weight, 2qual tc 0.78-0.35 t/m3, in the range of temferatures

cf C-200°C.

FijJ. 21 depicts tle coefficiasnts of the thermal conductivity of
diff~rent brands o0f oils in depending on the tewmferatures, calculated

according to formula (£€6).

It should be noted tkat in tae literary sources cccur anrd other
formulas of the definiticn ¢f the coefficients ¢f the thermal
conductivity of oil-prcduicts, which give contradictery results, in
consequance of which fcrsula (66), and also existing up to ncw
formulas, which differ frcas fcraula (66), it is possible to examins

cnly as those aprroximated.

Fig. 22 gives the curves c¢t the coefficients of the thermal
conductivity cf different metals in the derpenéence cn the

temperature., The value c¢f the ccefficients cf thermal conductivity

for different bodies - see arplicaticnsyappendices, Table 4-1z.

PV 7 A S TV R TR Ty
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Fig. 21. Ccefficients ct thersal ccnductivity cf cil-prcducts in
depending on ta2mperature. 1 - ¢cil turbine U0T;: 2 - o0il turbine T; 3 -

cil diesel.

K2y: (1). kcal/m=-hour.

Fig. 22. Coefficients ct thermal ccnductivity of metals in defgending
cn %*emparature., 1 - COpg€r 1s puresclean; 2 - ccpper 9%9.9o0/0; 3 -
aluminum 99,70/0; 4 - aluminum $9.U0/0; S - zinc 99.80/0; 6 - nickel

99.00/¢c; 7 - ironm 99.8c/c; B - lsad pur2/claan technical.

€2y: (1) . kcal/m-hour.

€ 6, Viscositias/ductilities/tcughness.
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Viscosity/ductility/touyhness characterizes the value of the
rolecular cohesion/coupling of paiticles and cepends cn the fcrce cf
the internal friction, wktich appears between tuwc layers of liquid

during their motion.

Viscosity/ductility/touynness is determined by the speed of the
displacament/movemant c¢f layers and by the fprcperties of liquid. The
viscosity of liquids with an increase in the temrerature decreases,
and with the rpressure increase ipsignificantly it increases; however,
at high pressures - 10C actm{ats.) and more - visccsity change beccmes

parcaptible,
Fage 30,

The unit of absolcite viscosity represents the fcrce (tangent),
necessary for the mutual disglacenment at a rate of 1 cm/s of two
layars of liquid in area 1 cm2 ¢acb, located at a distance 1 ca one

re tative toc another, and it is expressed in the poises.

The ratio of absolute visccsity to the density at the same

temparature is callsd kiramatic vascosity.

bbb 0 o
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g In the system of fpractical units is dynaric, or absolute,
viscosity is expressed ir «yes,/32, and kinesatic - in m2/s. Viscosity
in the 2ngler dsgre2s is ratioc c¢r the tige ¢£f the dischargs 200 cm3

cf product to tha time cf the discnarge cf the sam2 vclume cf water

Sl e avie e e et

frcm Englar's ins*runert with <0°C and is designated ©E,

Th=2 dynamic viscosity of the water:

0,0178

o= T 0003 = 000 FO-=8Se (67)

vhers t - temperature c¢i water, °C,.

Th2 dynamic viscosity of water in dependirg cn temperature is

regr2sented curve in Fig. Z3.

Th2 dynamic viscosity cf gases and water vagor

2,766T T .
100 =5 V 75 kges/n2, (68) :

wher2 t - temperature cf gas c¢r vajor, 9C;

o T - absolute temperature cf gas or vagor, °K.

For the overheated water vapcr dynamic visccsity in depending on
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temperature and rressure is regres<nted curves - see

applicaticns/appendices, Fiy. 3.
Dynamic viscosity ct the air:

. p108=1,712 VT +0,003665 £ (1 + 0,0008 )* kges 2z, (69)

t - temperature of air, ©°C.

Pig. 24 and 25 give the resgectively curved cf the dynamic and
kinematic viscosity cf air in the dependence c¢n the temparatuzie and

the pressure.

The dynamic viscecsity cf air, water vapcr, cxygen, nitrcgen, and

alsc th2 kinematic visccsaity cf flue gases in depending on

temperatura are represented in Fig. 2€.
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Fig. 23. Dynamic viscosaity cf water in depending cn temperature.
Key: (1). kg s/m2,
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Fig., 24, Dynamic viscosity c¢f air 3n dependirg cr temparature and

Eressure.
i Rey: (1). kg s/m2, (2). eta(aks.).

Fig. 25. Kinematic visccsity c¢f air in dspending c¢cn temperature and

i Fressura.

Rey: (7). m2/s. (2). ae byg.
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Fig. 26. Dynamic viscosity cf air, cxygen, nitrcgen, of carbecn
dicxide, water vapor ard xinematic viscosity ¢f flue gases in

depending on temferature.

key: (1). kg s/m2, (2). cxygen. (3). air., (4). ritrcgen. (5).
cartonic acid. (6). water vapcr with 760 mm Hg. (7). flue gases.

®). s

Page 32,

The affact of pressure cn thae visccsity cf gases to p=10 atm(abs.)

can be disreqgarded/neglected.

Th2 kinematic visccsity of thé amixture c¢f gases in the

engineering is ccmputed accordirny to the forsula:

n2ys,
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where ", ¥ - kinematic visccsity of segarate compcnents, m2/s;
Vie V2o V3 - volumetric ccuntents of separate blending agents, o/0.

The dynamic viscosity c¢f the cil-prcducts:

Ig by = —3 + 5oegr

poises, (70)

whaere y - specific gravity/weight ¢f oil-prcduct at arpropriate

temperature, g/cum3,

For the most commcnly used lusricating cils and the petrocleum
rasidue Fig. 27 depicts their xkinesatic visccsities and viscesity in
the Bngler deqrees in dependiny cn the tempsratures, obtained

according to the data cf tests.

For determining the viscosity of oil-prcduct at
frescribed/assigned temperature it is possitle tc use the following
approximation formula cf recalculation:

° °F, g 30"
E,=-%£ or v,="°‘n , (71)
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P T ITI R e remiEA r sa

wvhere 9Eg, - viscosity (9£) or xinematic visccsity v, at 50°C, :

indicat2d in the standards for the oil-products:

B A S ek

t - temperature at which it is necessary to determine

viscosity, by °C;

Bk e it A I e
[

n - exponent, it is selected on Takles 2,

Formula (71) is arplied in tne range cf temperatures frca 30 to

ax 150°C for the viscosity ¢f cil-fproducts, which does not exceed 16°E,

but in the range of temperatures from 40 to 110°C - fcr the viscosity

cf cil-prcducts more 1€9E.

%
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Table 2. Values cf expcpeat n.

By |12 | 1.5 | 1.8 |20 |30 |40 |5.0 6.0 l?.o

8,0

| |.39| 1.59 | 1.72

1,79 | 1.99 | 2,19 | 2,24 rz.sz | 2.42

2,49

ey |9.o] 0 | 15

NN

| 2.52 | 2.5

2,75

2,86 | 2.90] 3,06 | 310|317

3,32

i
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Fig. 27. Dapendenca cf visccsity of lubricating oils and petrcleun
residue cn temperature. 1 - ¢il turbine U0T; 2 - ¢il turbine 1T; 3 -
0il diesel; 4 - petrcleum residue the sailocr M12; 5 - petroleunm
rasidue the sailor M20; €& - petrcieum residue furpace M40; 7 -

re*roleum residue furnace M80.

Key: (1). Kinematic viscesity ccefiicient. (2). Viscosity in Engler

degrees.
FPage 34,
Transfer equaticns frca scse cnes of viscosity to others:

1) from the dynamic viscosity, expressed in poises p, tc the

dynamic viscosity u, expressed in working stardarcds:
1 poise = 1 dynes. s.fcm2 = 1/98.1 kg°s/a2; (72)

2) from the dynamic visccsity, expressed in the poisass, pp to

kinematic viscosity

1 poise = y/9€2.36 g2/5; ' (73)

3) from the dynamic visccsity p to the kirematic s:
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v=E _*% g2/5; (74)
P

=

4) from kinematic visccsity v to the dyramic u:

panvp=v-}- kgos/.Z:

(75)

5) from the viscosity, expressed in the Engler degrees

the dynamic viscosity .:

p10%== (0,746°.E-—2$) 1 kges/82;

(76)

6) from the viscosity, expreéssed in the Frgler degrees

kinematic viscosity
v10-=(7,31°5—i'—g') m2,s.

Here p - density, kges/m*;

v - specific gravity, ,weight, kg/m3;

g - acceleraticn ¢f gravity m/s2.

(i

(°E) , tc

{°E) , tc
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The graph/curve of the recalculation of viscosity from the
Engler degrees into the dynasic and kinesatic viscosity in derending
on the specific gravitysweight c¢f liquid y (t/m3) is represented in

"Fig. 28.

The values of the ccefficients of visccsity for different media

are givar in appendices (Tatle 4-14),

§ 7. Speeds.

L. Under the average speed cif the moticn cf medium or flow is

understood th2 path, passed by the moving medium for the time unit.

The spe=d, at which cccurs the trarsitior of stream-line conditions

intc the turbulent with tae ccnstant/invariatle viscesity and the

given diametsr of duct, is called critical sgeed.

Unit speed measurement of ftlow - m/s..

The determinaticn ¢f turbulept and stream-line ccnditiocs see §

Th2 spaed of medius accerdang to the 2queticn of the continuity:

G
'0--?,7 m/s' (78)
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G - expenditure/ccosumpticn ¢f medium, kg/s;
Yy - the specific cravitys/weight of medium, kg/m3;

P - sectional area of ogening/aperture, n2,

Cischarge velocity thrcuyb the openingsarerture:

o=?]/ 2gH-;—:- n/s,

where ¢ - velocity coefficient (see¢ § 25);

g - acceleratiop ¢f gravity of m/s2;

i1 - velocity head, m;

Y1 -~ the specific gravity/weight of medium under standard

conditions, kg/m3;

y2 - the specific gravictysweight cf medium at its mean

temperature, kg/m3.
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Fage 36.

The speed of mixture in tne section:

_G,o,+0=0,+... 80
T = TG Gy S €0

where G,, G, - weights c¢f tne ccmponents, entering the mixture, kg;

Vie Vv, ~ speed of the ccagcnents, entering the mixture, m/s.

The critical spseé¢ ¢f tle water:

Vo=gg 0/S. (81)

vhere p'- Poisson ratic of visccsity to the density:

1
P = oomm, 1+ om0z *

B=43,79 - constant;
d - inner diameter, s;

t; - initial temrerature cf water, °C.

Discharge velocity ¢f steas tehind the rczzle:

et
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v=9153¢ V% un/s, (82)
where @ - velocity coefficient (see § 25);
k - adiabatic drcp/-usp it the heat:
hesiy—iy kcal/kg;
i - enthalpy of steam witk rczzle entry, kcal/kg;
iy - ent~halpy of steam ¢pn leaving £rom the nozzle, kcél/kg.

Th2 critical speed cr aischargye of steas (gas):

7.,,=-V 2gp,v, k-: ; B/Se (83)

vhere g -~ acceleraticn c¢f gravity a/s2; C;\ F: - a pressure of

vapecr or gas, kg/m?2;

vy - the specific voluse cf vaper cr gas, m3/kg;

k - adiabatic index: k=1.4 - for the air and the diatcamic

gasas; k=1.3 - for the sugerheatad steam; k=1,135 - fer the dry

gsaturatad steam; k=1.03540.1x - for wet stean;
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x - degree of dryness cf steanm.
Speed of sound in the gases:
v=Vgkpv, ¥/S, (84)
where g, k, £, and v, - the same as in fcramula (83).
Page 37.

Th2 average speed cf liguid 1n the cylindrical housing with the

transverse bulkheads: 1

o e 1+ (N—1) A0,

where L - distance between centers of input ard exhaust ducts, m;

g v, - speed of the liguia atcve the partition/baffle, am/s:

. v, - speed of thke liyuid between the partiticns/baffles in the

central seriss/rcw, m/s;
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N - number of rartiticns/taffles;

N-1 - number of gapss/intervals between the partitions/taffles

{input and exit secticers are nct ccnsidered);

.A==€% - average/mean length c¢f the garssintervals between the
partitions/baffles, equal tc distance betweer centers of gravity cf
the areas of the segmerts (cut cff by partiticns/baffles), ccnfined

by chord s, m;

T e T

£ - area of the segment abcve the partiticansbaffle, m2,

Th2 speed of the ccrdensed steam in the capacitor/condenser:

Go"d n/s, (86)
3800 LD (1 —— ¥ g '

Q==

wher2 G - a guantity of condensed steam, kg/bh;

U, - specific volure cf steam, m3/kg;

K

L - length of steas housing, m:

D - outside diameter c¢cf the arrangement/pcsition of the beam of

OO

tubas, m;
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d, - outside diameter of tutes, om;

t - space of the laying cut of tukes, mm;

-

. "p - solidity/lcadiny factcr cf the tube plate, see forsula

{175) .

Tha maximal allcwakle sgeeds cf steam in the upfper series/row cf
the tubas of capacitcryccpdenser. The valuves cf allcwable speeds of

steam upon the entrance intc the capacitcr/ccpndenser in depending on

vacuum in the capacitcrsccndenser are given ir Fig. 29 and Tatkle 3.
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Pig. 29. Dependence c¢f the saxisum permissitle speed of steam upcn

the 2ntrance intec the capacitcrccndenser on the vacuunm.

Key: (1) m/s. (2). atm(abs.).

Page 38.

In the contemporary shigbcard capacitorss/ccndsnsers are accepted
the higher speeds, which reach ty 50-100 m/s with the vacuuam 0.08

atm(abs.) .

The speed of steam in the central gangway cf capacitor/ccndenser
is usually received as v=3-5 s/s, In the resmaining parts of the
capacitor/condenser it is necessary to attain the identical sgpeeds,
on the basis of the requirement tc prevent the pcssibility of forming

air pockets (stagnant places).

Speed of steam which carries along the drops of the vater:
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’: o>}/ 2.2¢d 22 wss, (87)

vhere g - accel2raticn c¢f yravity a/s?;

d - diameter of sgherical drcp, =;

Te - the specific gravity/weigbt of watsr, kg/m3;

Ta ~ specific gravity/weight cf steawr, kg/m3.

The values of the speeas at whbich steas it carries along drops,

in depending on the diaaeter cf drcp and pressure of steaam p, are

given in Table 4,

e
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Table 3. Values of speeds steam ufcn the entrance intoc the

cagpacitor/condenser.

)llasaenne B Konencarope,
ama 0,03

G) Cxopocts napa B sepxHen
paay tpy6ox, .M/cex 80

K2y: (1). Condenser backgressure, atm(abs.). (2). Sreed of steam in

uprer s2ries/rcw of tutes, a/s.

Table 4, Values of sfeeds cf stean.

0,06 | 0,08 | 0,1 1,0 2,0 3.0 4,0 5,0

(J) CxopocTts, npu KOTOpeii nap yBAcKaeT Kaman, K/cex

3.2 3.6 4,2 13,0 | 19,0 | 23,0 | 26,0 | 29,0
2.3 2,6 3,0 951 140 17,0 | 19,0 | 21,0
2,1 2.4 2.7 841120 150} 7,0} 19,0
1,9 2,2 7.6 11,0 | 13,5 {.15,5 | 17,0
1.7 1.9 2,1 6,7 | 10,0 { 12,0 | 14,0 | 15,5
1.3 1,7 1,9 6,1 8.6 | 11,0 | 12,0 | 14,0
1,3 1.4 1.6 35,0 7.4 9,0 | 10,0 | 12,0
1.1 1,2 1.4 4.4 6.2 7,6 8,8 9,8
1.0 1,1 4,0 3.6 6.9 8,0 9,0
0,9 1,0 1.1 3,8 3,1 6,2 7.2 8.1

(1). atmn(abs.). (2). Speed at which steam carries along drops,
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Selaction of rated sreeds.

Tha steeds of steam v 1n tne tranch pipes c¢f heat exchangers

usually are accapted:

For the saturated steali ... 30-50 m/s=.
For the supberheatec St€al ces» 50-75 w/s.
For the capacitcrs/condensers ... 10C-15( m/s.

The speed of liquids in tae branch pipes cf heat exchangers can
k2 acceoted in the deperdence cn the speed in the ccnduit/marifcld
and permissible hydraulic resistances in the apparatus; therefore it

can be within the limits cf C.4-2.3 m/s.

For the main caracitors/ccrdensers it can ke accepted also in
the dependence on the expenditure ¢f cooling water, speed of vessel
and construction/design c¢£ circulation tranch pires and can tresach

2]5-705 M/s.

Sp2ed of the preheated water in th2 tutes cf preheaters 1-2.5
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B/S.

Speed of cooling water in tae tubes of capacitcrs/condensers

1.8-2.4 m/s.

Usually average Sfpe€ds Vv accCeft:

for the single-pass capacitcrs/condensers with the self-flow

systea »f cooling water ... 1..5-2.0 wm/s.

Por the single-pass capacitors/condensers during the suggplying

¢f cooling water by the fumfp ... 3.0 m/s.

For +tha capacitcrsyccndensers of the twec-pass and with a large

numbeI courses ... 2.4 a/s,.
T™e velocitv of cooling water in the ofl-cookins nipes in

Oou‘luo T“./S
The speeds of water and especially psarine watar are limited tc

the usually indicated lizits, cr the basis cf the ccnditions cf
rreventing tha phenomena of corrcsion and ercsicnn which considerably
more intens2ly flow/cccurs/last at the higher speeds and destructively

they act not only to the blacks, but alsc tc the nonferrous pmetals.

Speed of petroleusm in the tubes of fuel heater v=0.5-1.2 m/s.
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Speed of o0il in the iutertute space of o0il ccolers v=0.4-0.8

D/S.

Th2 exit valocity ci ccndensate from the apparatuses is assigned
in d2pending on divarsicr ccpaiticrs for ccndensata, local
rasistances and th: like and usuvally are accerted v=0.4-1.0 m/s.

Spaed of air-steasm pixture in branch pipes v~~15 m/s.

§ 8. Expenditur2s and quantities.

Under the expenditure is urderstood the amcunt of liquid, which

takes rlace per unit time thricugb the "clear crening of its flow".
Fage 40.

Fluid flow rate is datersired from the fundamental flcw equaticn
- so-called equation of continuity, ccntinuity cr ccntinuity cf the

e motion of jet. The measursment cf e¢xpenditures and guantities is made
. in the units of weight (t/n, kgs/h), veclusetric cnes (m3,h, l/s) and

thermal (kcal/h).

For the gases and tte vapors, i.e., elastic liquid, volumetric

flow rate is not charactezristic value as a result of the possibility
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of their expansion or ccagressicn, and in this case it is necessary
to use the weight flcw rate, shican are a constant value for all
sactions.
The flow equaticn:
Q =, f, = v,f, = const, (88)
where v,, v, - speads cf ficw, a/s;

f,, £ - sectional area cr rlow, g2,

The expenditure cf liquid cr gaseous sukstance according to the

equation ¢f th2 continuity:

G=*F kq/s, (89)

| where u - speed cf medics, o/s;

F - sectional area, &2;

v - the specific vclume cf sedium, a3, /kg.

Flow of the cooling water:

=29 90
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vhere Q - the quantity cz heat, transferred tc water, kcal/h;
c—the heat cafpacity cf water, kcal,/kg, °C;
t, =~ initial tesperature ci water, °C:

- +>, - the final temgerature cf water, °C.

Expenditure is varpcr:

G=- kgm, (91)

i—gq

where Q - a quantity of heat, xcal/h;

1=102 - coefficient, whica ccnsiders the hsat lcsses;

i - enthalpy of steaa, kcal,/kg;

q - enthalpy of liguid, kcal/kg. i

4 Page 41,

T v —_—
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Heat consumption can be deteramined according to one of the

following expressions

Q=Dc(t. — t,)h;.-mm/ ¢ac
Q=D@G—¢9) @an/mc l

Q= %F (¢ — &) kxaa/uac 2)
Q = kFAt kxaaf4ac

Key: (1)« kcal/h.

where D - a quantity of heated substance, kg/L;

Q
[

heat capacity of substance with mean temfperature,

t, - initial temperature, °C;

t, - final temgerature, °C;

[¥H
]

enthalpy c¢f stezanm, xcal/kg:

q - enthalpy cf 1iquid, kcal/kg;

A - coefficient ¢f the therxal conductivity cf wall,

kcal/m-hcur oc;

kcal/kg °C;
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s - wall thickness, u;
F - surface of heatircg cr ccoling, m2;
k - coefficient ¢f heat transfer, kcal,/m2h °C;

At - average/mean loyarithsic difference in the temperatures,

ocC.

A gquantity is stecas, tbat is formed by the spontaneous

avaporaticn:

G=Wq’:q’=Wc":" kg/k, (93)

wvhere W - amount of liquid, which enters the apparatus, kg/h,

gy - enthalpy of the liguid, which enters the apparatus,

kcal/kgs

g - enthalpy cf liguid, which corresgcnds to pressure of steanm

in +*he housing of apraratus, kcal, /kg:

r - heat of vapcrizaticn, kcal/kg;
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¢ - heat capacity ¢z ligyuia with mean temperature, kcal/kg

t, - temperature c¢f the liguid, which erters the apparatus, °C;

t, - temperature c¢f liguid, which corresponds to pressure of

stean in the housing c¢f apgaratus, °C.

Graphyscurve for determining a quantity c¢f steam, generatrix ty
spcentaneous evapcratior frcm 1 a3 ¢f hot water (kBaving saturation
tempasrature), in dependiny on licwering in the pressure above the

surface of evaporaticn, is giver im Fig. 30.
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Fig. 30. Graph/curve of the determination of a quantity of steam, the
forming with the incideccesdzrcp pressure abcve the surface cf hot

water,

Key: (1)« Tha quantity cf steam that is isolated to 1 m? cf hct

water, kg/m3, (2). prassure or steam 1 atm(aks.). (3). atm(ats.).
(4),Vater pressure, atm (abs,).
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4
A Page 42. t
The expenditure cf water tcr the vaporizer/evagcrator
s .
V=35, k4/b. (94)

wvhera D - productivity of vaporizer/evapcratcr, kg/h;

TR 1E ) oS e S et e e S S 0

S, - salinity of brine in the hcusang cf vapcrizer/evaporator, ©°B

(Brandt) ;

So - salinity of the water, wnich enters the varcrizer/evaporator, °B,

The additional exfpenditure cf f2ed water fcr
T vaporizer/avaporator with the suggly by its Llcwcff water frcm the

froiler:

W= D(S,-S.)—an(sp—snp) kg /h (95)
S,—So
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Sw - salinity of blowoft pciler water, ©B.
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whera D, §,, §, - the same as in formula (S4);
S: -~ salinity of the distiliate cf vaporizer,sevaporator, °B;

D4y - quantity of blowoff tcilsr water, kg/h;

A quantity of circulating water in the circulation

vaporizers/evaporators can ke determined acccrding to the foramula
Dr t/h (96)
Verma-n /" 9
where D - productivity c¢f vapcrizer/evapcratcr, tons/day;

r - heat of vaporizaticn at the apgropriate pressure in the

vaporizar/evapcra*tor, kcal/kg:
¢ - heat capacity of the entering water evapcratcr, kcal/kg of °C;

t, - temperatures of the entrance ¢f water intc the

vaporizar/evagorator frcs tke gpreheater, °C;:

t3 - temperature of the cutgut ¢f trine frco the




|
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vaporizar/avagoraton, 9¢C.

Consumption curves cf water Icr the circulation
vaporizer/evaporator of dGirferent groductivity in depending cn a
difference in the temperatures c¢f »ater with the entrance intc the
vaporizer/evaporator and the cutput from it (for the operating

rressur2 in the vaporizersevaporatcr p=0.3 atz(ats.)) are given in

Eiq. 31,

From Pig., 31 it is evident taat the consumption cf the
circulating water grcws/rises with a decrease cf a difference in the

temparatures and an increase in tae productivity of

vaporizer/evaporator.
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Pig. 31. Curves of the éependence cf th2 consumption of water on the
productivity of circulaticn vapcrizersevaporatcr and difference in

+the temperatures of water with the entrance and the ocutput frcm it.

Key: (1). Quantity of circulacicg cf water t/h. (2). productivity.

(3) . tonsyday. (4). Cifference ir temgperatures.
P Fage 43.

A quantity of air-tlast trine from the vaporizer/evaporator:

Wy=W—D=Dg2e ki/h, (97)

- whera W, D, §,, S, - the same as in formula (9uU):
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Concentration of trise ia the housing c¢f the

vaporizar/eavaporator:
WSe— DS,
S,=—2——% Of, (98)
wherea ¥, So, D - th2 sagze as in fcrmula (94)

S; - salinity of ths distillate c¢r vaporizersevaporator, °8;

W, - guantity of air-blast orine frem vaporizer,sevagporator, kg/h.

The time, which ccrresipcnds tc the achievement of the

concantration of brine accspted in the hcusinc cf the

vaporizar/svaporator:

—=S—5 W
te=m2 el heur, (99)

where S, S, - the same as in fcrwula (94); !

Vv, - volume, occupied ty water in the housing of vapcrizer/evaporator

to +the datum lavel, the g3;

Va - volume of the water, whicn evaporates durirg one hour, m3,/h,
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The curves of the ccefficient of the purging of
vaporizer /evaporator in cdepending on the salirity of feed marine
water and brine in the fLcusipgy c¢f vapcrizeryevapcratcr are

represented in Fig. 32,

. rr—a—
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Fig. 32, Coefficient of tne purging of vaporizersevaporator in

depending on the salinity orf feed sarine vater and trine.

Key: (1) . Coefficient c¢f the fpurging of vapcrizer/evaporator. (2).

Coefficient of purging. (3). Salinity of seawater, ©°B. (4). Salinity

cf brine, ©°B. (5). Salinity of watser S,, °B.

Page 44.

Th2 quantity of oxygen, intrcduced ty the deasrated water into

tha d=a=rator:

G,=a, W10~ kgsh, (100)

vhere G - content of dissolvea oxygen in the vwater, determired cn

the curve of Pig. 33, in depending on the ta2mperature of water at the
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barometric air pressure 760 pa Hg, saturatad by water vapor, the

ng/2:
W - Juantity of deaerated water, t/h,

After the admissicr intc tbe deaerator cf the mixture, which
consists of the condensats cr different ccndensates and additions of
fead water, quantity of cxygyen, introduced ty water mixturz, it is
(et2rmined frcm the fceragula

Ge=(a,W +a,W* +..)10°° xg/hb, (101)

where a_,a, - content of dissclved oxygen in the water, determined on

Fig. 33 for each comporert, mg/3;
W', W" - a quantity of deacrated water, t/h.

Th2 quantity of dissolved yases of air, introduced by the

deaerated water into tte deaeratcr:
G, = a, W10~ xg/h, (102)

where a4, =~ content of the dissolved gases of air in the water,

datermined on the curve ¢t FijJ. 33 in dependirqg cn the temparature cf
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vater at the barometric air pressure 760 mm Hg, saturated by water

vapcr, mg/%; .

W - quantity of deaesrated water, t/sh.
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Fig. 33. Oxygen content aad air in the water at a barcmetric fpressure

760 mm Hg in depending cr the temperature of water.

Key: (1) . the content of gases, mng,/®. (2). Air. (3). Cxygen.

Page U45S.

A quantity of gases, introduced by water mixture, is determined

analogously with a quantity ci cxygyen [see fcrrula (101) ].

A quantity of vapcr (steam-gas mixtur2), driven cut frows the
deaerator, if we disregard/neglect an insignificant residual/remanent
quantity cf dissolved cases in the deaerated water, is found ty the

formula

a“=a,(1 +0,622%) kg/h, (103)
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vhere P, - partial pressure c¢f the vapor [see fcraula (8) ] in the

deaerrator, atm{abs.) :

Pr - partial gas pressure above the surface cf watar in the

deaaerator, determined accordiny to the fcrmula

Pr=’;—:' ata (abs.), (104)
where g, @ - contents of dissclved oxygen and dissclved gases of air

in *he water tha mg/T [see formulas (100)any(1C2) ];

Pe- partial oxygen fpressure atcve the surface cf water in the

deagrator, determined acccrding tc the fcrmula
p.='%'?- ata (abs.), (103)
Fo - physical atmosphere, sgual to 1.033 atm(abs.):
@ - calculated (final) cxygjen content in the deaerated water, the
mg/2; for the shipboard ceaeratcrs usually is accepted % =0,03

g /%;

k=2-3 - ratio of equilitrium cxygen pressure in the vapcr to partial,

necessary for guaranteeiny tha ;rescribed/assigned (final) oxygen
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content in the deaerated water;

ag - constant of the weight sclubility of oxygen cr sclubility of
cxygen ir the water at its pressure akove tke water 760 ma Hg, ag/l;

it is datermin2d on the curve ¢t Fig. 34 in depending on temperature.

values a, a, a, p, and p, eptering fcrmulas (103)- (105),
independent of pressure in the deaerator, they are accepted c¢r are
calculated at a pressure of tte pnysical atmosphere how is achieved
the retention/preservaticas/maintaining ccnstart value 2 due to an
increas=s in value P, i.e. due tc tne increase in the vapor, which

ensures intensity and tigh quality of deaeraticn.

From formula (103) it fcllcws that indefpend2nt cf pressure in
the deaerator a quantity cf vapcr always must b2 connected with the
rartial praessure of nor-ccndensatle gases P» ard consequently, with

their consumction,

Page 46,

By a small change ir the values of gas ccnstants of the vapor
and of the non-ccndensatle gasss, enterirg fcrmula (103) in the form
of the permanent relaticr, equal tc 0.622, with a change of the

cressure in th2 deasratcr 1t 1s pcssitle tc disregard.
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A Juantity is of vajpcr tnat ccntains in the vapor:

Gn=Gc._Gr kgyshe (lm)

Tha affact of the value ¢f vagor on the cdepth cf the
deoxygenation of wa%ter i1s shcwn in Fig., 35, and 36 are givan the
curves, which show the oxygyen ccntent in the water in depending on

its underhsating *to the koiliny pcint,
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its pressure above the water, sgual to 760 mm HJ.

Key: (1) . mg/l.
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Effact of tha valua of vaper cn toe depth of the decxygenaticn of

water,

:_:‘ K2y: (1. mg/i. (2) . Relative value of evapcraticn.
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Fig. 36. Oxygen content in water in depending cn its underheating to

toilipg pcin%.

Key: (1)« Oxygen content, ca3/%. (2). underheating.

Page 47.

As can be seen from Pigy. 35, the value cf vapor with resgpect to
the consumption of heatiny steasm Icr obtaining qualitative deaerated
water, it composes altcgether crly 1,5-2c¢/¢c. Houwever, since they are
rossible: 1) the disturtances/breakdown of the ccnformity of feed cf
whicn unaveidably with the manual

vapor with the water suirly,
control leads to the systematic underheatings and the "breakthroughs"®
cf oxygen into the feed water and, therefore, tc an cverall increase
in the oxygen content in 1t; 2) the incidences/impingement of gases
into the deaerator nct cply with the deaerated water, but also
heating with those ccndensiang ty vapor even 3) gas permeatior intce
the deaerator thrcugh tte leakagess/lccseresses cf arraratuses and

conduits/manifolds, that tcr guaranteeing the qualitative deaeration

the value of vapor expedisnt tc¢ sugport in the limits of 4-6 kg/t cf

the deaaratad water, whica ccmgoses 3.5-%0/0 cf the consumpticn of

heating st=2anm.

Tha 3xpenditure ¢f working vagor for steam-air ejectcr can be

“"""-"'!E!!!H.l!!!IIIlIllIllIlI------..._.____“____,"‘!
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determined according tc cf the curves of Fig. 37, refined according
to the data of practice, 1n aepending on the degqree cf
rarefaction/evacuaticn in the cagpacitor/conderser and on the

size/dimension of ejectcr.

Curve 1 gives relation G,:G, (flow rate of working vagcr in
kg/h to a quantity of air, ariven cut frem the capacitor/condenser in
kg/h) for one- and two-stage ejectcrs of small sizas/dimensicns with
tha consumption of workirj vapcr tc 60 kgs/h; curve 2 ~ for twe- and
threa-stage ejactors with the ccasumption of working vapor frcm 60 to
106 kg/h; curve 3 - for tae same € jectors with the consumpticn of
working vapor from 100 tc¢ 300 kgs/n and curve 4 - for the large

2jecters with *he consumpticn cf wcrking vapcr is more tham 3C0 kg/h.

The distributions of the tctal consumptic¢n cf working vagor
according to “he stegrs/stages 1s eiypediert t¢ determine of the
conditions of the identical initial vapor pressure cf working of each
step/stage, identical mipimum secticns of nczzle, tut taking intec
account the pressure ir tbte chasber of mixing. In this case
tentatively it is possiktle tc accegt the consumption cf working vagcr
on the staps/stages equal ones, sinc2 virtually, as a result cf

differeat pressures after tte nczzie, they will differ little.
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; The quantity of alr entering the Condenser:

1) for hichenressure turbines

Gy=gon 41,36 k3/h (107)

2) for mediume~and low=pressure turbines

. Go=1.5 (00 + 1,36) ke/h (108)

3) for niston engines

Go=2 (g5 + 1.36) ka/n (109)
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Fig. 37. Expenditure of wcrking vagor for steam-air ejector in

depending on rarefacticnsevacuaticn and quantity of air.

& Rey: (1). Rarsfaction/evacuaticr am Hg. {2). ratio.




whers @G, - quantity c¢f ccnuensed vapor in cagacitor/condenser, kq/h.

A quantity of air in the cafpacitor/condenser with the varying

loai:
1
G, = 7000 (0,33G, + 0,67G,,) xj/n, (110)

whers G, - quantity of ccndensed vapor at rated lcad cf

capacitor/condenser, kg/h;
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G., - gqnantity of condersed vapcr with this 1lcad of

capacitor/cond=2nser, kg /h.

Quantity of air-steam mixcture, driven cut from the

caracitor/condenser:

Gou= . (1+06222) g /a0, (111)

A gquantity of vaper that ccontains in the air-steam mixture:

Gen
Ps
1+ 1,61 Pa

(112)

Gyg= kgsh,

wvhere G, - quantity cf air, driven out from the capacitor/condenser,

kg/h;

Pe - partial air pressure, us Hg;

P» ~ partial pressure cf vagpcr, sm Hg.

A quantity of air, wnich is c¢ntained in the air-steam mixture,

is determined frcem fcraula (1C€).
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A quantity of mcisture, whicn evaporates during moistening of

the air:
W=G,(d—d)10~° ks/h, (113)
where G, - quantity cf sciscerec¢ aar, kg,/h;
d., 4., - initial and firal mcisture content of air, g/kg.

Quantity of emitted heat. During the calculaticn of the heat
lossas into *he surrcundingy sgace cty the heated surfacss of
apparatuses on=2 should ccnsider bcth the heat lcss by convection and
by emission.

Fage U49.

The firs+t of these lcsses can be determsined according tc formula

{(92), the sacond - acccréing tc fcrmulas (114) cr (115),

The total juantity c¢f jiver up by wall heat intc the surrounding

spac2 is determined Lty tts sum ¢f these lcsses.
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A quantity of heat, amitted by hot Lody into the surrounding

space, calculated according t¢ the Stefan-Bcltzmann formula:

Q= C[( )~ ()] xearmr 019
¢r according to th2 formula

Qm”‘“m(tﬂ_tup) kcal/m2h, (“5)

where 7T,=273,24¢, - absclute temgerature of the wall, heat-radiating,

OK;

Toep=213,2 + t,(, -~ absolute teaperature c¢f the scrrcunding space, which

cttains heat, 9K:

C - radiation factor, ¢epending on surface ccrdition, the kcal/m2h

(°K)*. (Values of value C they are given in Takle 14):

¢,, - radiation coefficieént frcs the wall in the surrounding space

{see foramula (160) ].
§9. Coefficients of heat transier and haat emissicn.

Tha heat +ransfer in the heat exchangers is conducted
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simultaneously by the metacd of the thersal cc¢nductivity (transiticn
of energy within the bcdy frcs its one particle it is direct to
another) and by the me*ncd cf ccnvection (transition of energy in the
form of keat together wita th: singyle material particles, which

cortain +his heat).

The convective heat exchange can occur tcth with the free and
with th2 constrained mcticn ¢f liquid. The scticn of liquid, caused
cn a difference in the densitiss of the heated and ccld particles, is
callad free., Constrained mcticn is created bty the 2xternal exciting

forces - pumps, compressors, fars, agitators.

During the heat exchange distinguish the phenomena the heat
amissions and heat transfer., Heat emissicn is characterized ty the
coefficient, which measurss a quantity of heat which is transferred
from the heating body tc the wall cr froms the wall to the heating ?
body. Heat transfer is characterized by thes ccefficient, which
measures a quantity cf heat wkich i1s transferred from the heating
tody to that heated. Thus, ccefficient of heat transfer or heat
emission is called the guantity ct heat, transferred bty the unit cf
surface for the time unit witn a2 difference ir the temperatures of

media in 1°C.

Fage 50.
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In the metric system the cocefficients of heat transfer or heat

emissicn are measured ir tne kcal/m2h °cC,

The equivalent therasal units, mechanical and =lectrical energy
are expressed by the fcllcwing dependences:
1 xkon =427 A2

1 ,z(.si'.=632,3 xgga).z,‘-cac;

1 r&% = 860 mcg?m/«mc.

K2y: (1). kcal. (2). kg.-m. (3). ap. (4). kcal/h. (S). kW.

The coefficient of heat transfier depends ct many factors. Thus,

for instance, in the capacitors/ccpndensers it depends:

1) from the side c¢i watrer cn the rate cf mction, temperature cf

water and degree of cortaminaticn cf the tubes:

2) from the side cf stecas fr¢a the content of air in a steanm,
steam load on thes cocling surface, the fcrmaticn/educations cf water
film on *the tubes, the locaticn ¢f the cooling tubes and depth of the

cocling Ekeam.

In depending on thesa tactcrs the ccefficient cf heat transfer




DOC = 80040203 EAGE ;3—7/

can change ir relaticn 1:3.

Similarity criteria.

For determining the coefficieunts of heat transfer is Leen
commonly used the law ¢t similitude, which ccnsists in the

combinaticn of theoretical and experimental methcds.

Tha application/appendix cf the law of similitude to the study
of heat transfer made it pcssible tc establishs/install the dependence
between scme dimensionless guantities - similerity criteria. Most

commonly used ars the fcllowinyg similarity criteria.

Reynclds number characterizes the relaticn cf the forces of

inertia and viscous forces i1n the rluid flow and is expressed by the

dependence . -
= vd _ vdy
Re== =7 (116)

Nusselt's critericn characterizes the irtensity cf heat exchange

for the boundary liquid - wall and is exrressed by the dependence

Nu=3. (117)

Peclet's criterior caaracterizes haat fluxes during the

convective hesat exchange and is exfressed by the defpendence

Pe =26002 = 3600 247 (118)

Page 51,
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Prandtl number characterizes the physical fproperties of liguiad

and is expressed bty the depepdsrnce
Pr—-—e=—=———. . (119)
Grashof's critericn characterizes interaction cf lifts
viscous forces and is expressed cty the degenderce

13A¢
Gre=£22, (120)

Here a - heat-transfer ccefficiert, kcal/m2h 9C;

d, 4 - linear dimension, diameter cf duct or length, m;

A - coefficient of tharsal ccndyctavity, kcal/m-hcur oC;

v - rate of motion of liquid or yas, mn/s;

u - coefficient of dynazic visccsity, kges/m2;

¥ - kinematic viscosity coefficient, m2/s;

¢ - heat capacity (at a ccnstant pressure), kcal/kgoC;

g - acceleration of gravity am/s2;

and

i
)
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vy - specific gravity/weaght, kg/33;

a=A/cy - coefficient of thermal diffusivity (characterizes the rate

cf ta2mparatur2 balance in the unevenly heated fluid flow or gas),

n2/h;

i
!

B - coefficient of linear expansicr of ligquid or gas, 1/9C;

At ~ difference in the temperatures, °C.

Over-all heat-transfer cceificients from the heating medium tc that

heated through the wall.

1. Through single-layer rlat/plane wall

vEpmarmgva

e = Rt Y

T k= kcalsmzh °c, (121)

L
L] +

»I« -

]
tu

whera a, - heat-transfer ccefficient from heating medium to wall,

-h
kcal/m2g ©C;

s - wall thickness, nmr;

A - coefficient of heat conductivacty of gatsrial of wall, kcal/m-
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hour °C:

ay - heat~-transfer ccefficient frcm wall tc heated medium, kcal/m2h

oc.
2. Through multilayer f£lat/plane wall
k= !
LY 3! xcalym2h oc, (122
Pl wl S wh SIE E w e / . (122)
where g +s, - thickness cf walls (layers), m;

M+Xy - coefficient of thermal conductivity cf material of walls

{layars), kcal/m- hour 9,

Page 52.

3. Through single-layer cylindrical wall

1 -
k=_|_ TG, Kcai/m2h °C (123)
R W A »

4. Through the multilayer cylindrical wall
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k=(',,'_:,7+g“_hln%:'+iln%:—...+§i—‘-‘lnd:—:l+;;'d—.)¢, '
kcals/m2h °C, (124)
vhere d‘ - cylinder tore, m;
d;

1., Bg - outer diameters ot cylinder and layers, m;
d, - outer Aiameter cf latters/last n layer, =
1n - na*ural logarithm,

If the wall thickness of cylinder is insignificant in ccasparison
with the inner diameter and the thickness of the layer
(insulation/isolation) and cceprises lass thar 1,20 diameters, then
in this case th2 coefficient of neat transfser can ne calculated as
for the flat/plane wall.

S. Through finned wail:

1) for unit of smccth surfacs

kcal/m2h °C;
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2) for unit of finned surface

A= xcalsm2h oc, (126)

ol

1 F Fa 1
a ATTH T 3
where ;L - ratio of smcoth surface to that finned;
;} - ratio of finned surface tc smcoth.
]

Pig. 38 depicts tte rfinned wall with a thickness of s, the
coefficient of thermal ccnductavity of which is equal to A. Cne side
cf this wall with finneds cf tnes same material. From hair side the
surface is equal to Fy;, wnile with that finned - P,; the latter is
comprisad from the surfac: cf ¢dges/fins and surface cf wall itself

betw2en the =2dgas/fins.
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Fig, 38. Coefficient of heat transfer through the finnad wall.
Page 53.
Particular coefficients ¢ heat transfer,

The simplified determinaticn cf the coefficients of heat
transfer from the vapor to thke water for the carpacitcrs/condensers
can be recommended acccraing tc the follcwing aprroximaticn fcrmula
resulting data which arswer the character of the curves Fig. 39; this

formula gives, however, scmewhat the higher values

k=942V7 ym kcal/m2h °C, (127)

whera v - a rate of water in tutes, m/s:

t, - mean temperature cf water, ©°C.
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124

The curves of the ccefficient of heat transfer fcr the trass

tubes with a diamet=2r cf 19 mm are given in Fig. 39. The values cf

coefficient of k of heat transfer are given maxisum, attained in the

virtually pure/clean capacitcrss/ccndensers cf gcod

construction/dasign with cartain supply.
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rig. 39. Coefficient of heat transfer frcm the vapor to the water
depending on +the rate and temperature of cocling water fer trass

tubes with a diamet2r ct 19 1.

Rey: (1). To (over the external surface) kcaly/m?h °C. (2). Mean

temperature of cooling water. (3). m/s.

Page 54.

Por the tubes witl a diameter of 16 om k it increases by 20/0.

Por the +tubes with a diameter cf 45 mm k it cecreases by 3o/c. For
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the German silver tutes k 1t descends to 10c/c and for the steel

tukes - by 17-200/c.

These coefficients cf heat transfer are determined for the
capacitorss/condensers, desigyhea with At taking into acccunt the

effect of steam resistarce,

Por obtaining the averagesmear value of ccefficient cf k! the
obtained coefficient k im fcraula (127) c¢r in Fig. 29 should be
multiplied by 0.8-0.85 tc acccunt tor the effect of surface

contaminations and inccrostancy cf cther factcrs, ncted on page SO.

Tha cecefficient of haat ctraansier for the capacitors/condensers

according to the data ¢t VII i1s determined ty the fcrmula

n=3soo( Ly )'[1_ 2YE 35— 1] 0,9,
V] "

kcal,/m2h °C, (128)
where x.=0,12a(1 +0,15)¢,;

a=0.8-0.85 - the coefficient, which considers surface contamination

cf +ha cccling:

v - rate of water in tte tuces, E/s;
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d, - inner diamatar cf tice, oh;
ts - temperature of coclingy watsr in the capacitcr/condenser, ©°C;.

®, - factor, which considers tke 2£ffect cf a number of courses of

water in the capacitcer/ccnaenser,
T =2/, ¢t
C=1+" (1+ 35

z - number of courses ct water in the carpacitcr/condens=r;

®, - factor, which considers the effect cf the steam load of
capacitor/condanser U [se3 formula (161) J: ¥,=1 for th2 ncaminal
steam load or changing witair the limits fres Upw to Up=3, U,.,

wheras i, =09-0012f; &, =3 (2—3) rcxr y<y,, where 3= UU,,,-

The coefficient of heat transfer for the capacitors/condensers

cf steanm ongines:

R,=0,8k xcal/m2h °C,

wher2 k - the coefficient of necat transfer, determined in formula

(127) or in of *h2 curves or F1g4. 393
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number 0.8 - th2 coafficiant, which considers the presence in
capacitor/condanser of cil, introduced with the vapcr in the dustlike

sta*=.,

Page 55.

The coefficient of heat transfer for the varporizers/evapcrators
and the distillers (froa tne vapcr to the boiling trine of marine
water) is detarmined on cf the curves of Fig, 4C in depending on the

temperature cof primary (heatiny) and seccndary steanm.

During the practical calculaticns of vapcrizers/evaporators
should be considered the deyree of surface cortamination of heat
axchange, th2 2ffect of aiar ard the nonurifcrxity of the distribution
of heat-transfer agent, which make the ccefficient worse of heat
transfer agains* that thecretically calculateé, This effect is
considered by the correcticn tacter B, which is intrcduced in the
form of factor to the ccefticiect cf heat transfer, found in of the
curves of Fig, 40, The valua ¢t correcticn factecr 3 is accepted
within the limits frcm 0.8 tc C.9 in depending cn the salinity of
marine water and brine ir tme hcusing of vapcrizer/evaporator. The
larger salinity of water and trine answers the smaller value cf

coefficient and vice versa.
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Tha coefficient of heat transter frcm the vapor to ths petrcleum
residue depending on the rate ard sean temperature cf petroleun

residue is determined c¢cn toe gragpnscurve Fig. 41.

The curves of grapanscurvé are constructed accordiang to the data
cf tests for th2 course c¢f the admiralty fuel cil M1Z in the steel

tubes with a diameter ci 17,15 ns.
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Fig. 40. Coefficient of hzat transfer for the vaporizers/evarorators
in depending on a difference in the temperatures (between the
tamprerature of the saturaticn cf primary and secondary steam) and the

- temp=2rature of the 2varcraticn c¢f water.
K2y: (1). Vaporizaticn teppsrature. (2). To kcalym2h °C,
Page 56.
Tha coefficiant of heat transier frcm the vapor to petrcleum

rasidue M 20 and M 40 can te with sufficient precisionsaccuracy

determined by the defpenaence:

k.=2k xcalsm2h °C, (129)

A2

1
A
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vhere & - the correcticn factor, which considers a change in the
brand of patroleum residua and taken: =093 - for petroleus residue

M 20, =087 - for retrcileum residue M 40:

k - coefficient of heat transtar from the vapcr to petroleum rasidue

¥ 12, datermined in the graphscrrve Fig. 41,

Tha coefficient of hi3at transrer frcem the vapor to the petrcleunm
residue, which takes rlacse in tke tubes with established/installed in

them retarders, can Lte determined the derendence

k, =<k, xcalsm2h °C, (130)

wvhere ¢ - correction ccetficiert, which considers the 2ffact of
ra*tacders in dapending ct rate and mean temperature of petroleunm

residue, determined in tke gragks/curve ?Pig. 42

i k, - coafficient of heat transfer from the vapcr to the petrcleua

residue of this btrand, detersined cn forsula (129) and graph/curve of

Pig. 41.

s As retarders ware applied the flat/plane steel strips with a

thickness of - mm and the sgirals, convoluted froam the same Lands
1

with different space of twistarg.
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Tests shovwed that with viscous moticn of petroleum residve in
the tube, which usually cccurs in the fue¢l heaters, the decrease cf
the space (from 300 to 5C aa) or sgiral retarders or the replacement
by their flat/plane ones does nct exert a substantial influence on an

incr=2asa in the co=2fficient o0fi heat transfer.

The coefficient of heat transfer frcm the vapor to oil in

depending on rate and mean temgerature of oil is determined on the

graph/curve Fig. 43.
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Fig. 41, Coefficient of heat transfer frem the vapor to the petroleue

residue in depending or its rate ard mean tesperature,

Key: (1) . To the kcal/s2h °C, (<). Mean temperature. (3). m/s.
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Fig. 42. Correction factcr, whbich considers effect of retarders

establishad/installed in tukes.

Key: (1) . m/s.
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Fig. 43. Co=2fficiant of heat transfer frcm vagcr to oil in degpending

cn its rate of mean temperaturec.

Key: (1). Mean temperatura., {(2). kcaly/m2h °C., (3). m/s,

Pag=s 58.

Tha curves of graghscurve are constructed according to the data

cf tests for the course ¢f cils c¢if trands T ard UT in the cogger

tubes with a diameter cf 10/86 mo.
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Tentative limits ¢f the values of the ccefficients of heat :

transfer k (kcal/m2h

frcm on2 gas to the next .. <S-40

frcm the gas to the water ... S0-1(0

from cne water *o the next ... 10C(-2000

frcem the ccndensable

frcm tha ccndensable

from the condensable

frco ths condensable

General/common/total

9C) in tie shirboard heat exchangers:

vVagcr to the vater ... 250C-3500

vapcr tc the air ... 80-140

vagcr to c1l ... 10C-350

vapcr to the petroleum residue ... 100-400.

heat-transter coefficients.

Heat-transfer coefficient during the free convection (free

motion) of liquid, gas (vapcr) in the large vclume is determined frcam

the formula of 4. A.

Mikhkesv

a—c-:-(GrPr)" kcai,s/m2h °C, (131)
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wvhere A\ - coefficient ctf the thermal conductivity of mediun,

kcal/m-hour °C;

4 - det2rmining size/dinzensicn (diameter), o;

Gr - Grashoft's crit2aricn;

Pr - Prandtl numker;

c, n - coefficients.
The values of coefficients cf ¢ and n ars givan in Table 5.
Formula (131) is applied for any drcp cnes and gaseous liquids,

for the vertical and hecrizontal ducts (wires), the hcrizontal

plates/slabs and the spheres c¢i any sizes/dimersicn. In this case, if

B of il RN

the exothermal surface cf plates/slab is turned upwards, then the
chtained from formula (131) value c¢f coefficient increases ty 30c¢/c,
tnt if the axothersal surface is turned downwsard, then value

dacreasas by 30o0/0.,

As the determining size/disension is accepted the diameter, and

for the plates/slabs - ssaller side of platesslat,
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Tabla 5. VYaluaes of coefficients of ¢ and n.

O]

Pexny 1sixenna (GrPr) ¢ n
J F—— 1.107% + 5. 102 [.150 1/8
NMepexoannit (3) 5102 & 2.10° 0.546 14
Tvpoytenraaaii (4 2107 + 110 0.135 13

K2y: (1). Stata cf moticn. (2). Laminar. (3). Transient. (4) .

Turbulent.
Page 59.

As *he d2tzrmining temperature is accepted mean temperature of

toundary layer, determined acccrdirg tc formula (16).

The coefficient cf beat transier with fcrced viscous motion cf
liquid, gas (vapor) in the duct is determinsd frcm the formula of I.
T. Alad'yev

a=0,74 & Re" (GrPr)*pr*? xcal/m?h °cC, (132)

where A\ - coefficient ct the thermal conductivity of mediunm,

kcal/m-hour °C;

4 - diameter of duct, =,
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Re - Reynolds nuamber;

Pr - Prand+tl number;

Gr - Grashof's critaericne.

Formula (132) is applied f£cr the horizcantal and stand pipes, and
alsc for ducts and charcels of ary secticn: ir this case instead of
the diametar of ducts is supostituted the equivalent diameter cf

section.

In the ver*ical pc¢siticn cf ducts and sith the ccincidence of
the directions of the fres and ccnstrained wmcticn the coefficient of
th2 heat emission in 1%c,0 than iower calculated according tc formula

(132) , while in opposite direction - in 150/¢ is abcve,
As the determining sizes/disension is accepted the diameter of
duct or the equivalant diametsr of secticn, whkile fcr the determining

temperature - temperatureé cf Ltcupcary layer.

If the length of duct 2<50 d, then the cttaina2d4 value according

to the formula must te multiplied ty correcticn factor % (Tatle 6).




e
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Heat-transfer ccefficient with the forced turbulent moticn of
liquid, gas (vapor) in the duct, and alsc¢ witt the lcngitudirpal

washing of the bank c¢f tupes is determined frcm the fcrmula

“=0'023%_ Re*p " xcalsm2h °cC, (133)

vharz the designations the same as in formula (132).

Formula (133) is agplied tc tne drop and elastic liquids for
ducts and channels of ary secticn, and also fcr the longitudinal
extarnal washing of the tanks ¢f tubes with BRe>1e¢10¢ and Pr=0.7-2500,
also, at temperature of tne wall lcwer than tciling point of liquid,
and also for *he superteated stecas by pressure tc 100 atm(abs.) with

Reg 2105,
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Tabla 6. Yaluas of ccafiicients

lid nlzl‘s 10 |5zoso4o|so

£1 1.9’ I.7ll.44 1,281 1,18} 1,13} 1,051 1,02

Page 60,

As the detarmining sizesdimension is accepted the equivalent
diameter of duct and fcr the detersining temperature - mean

arithmetic tempsrature c¢f lagquid.

With 1}‘<50 the ottained value for a must rte multiplied ty

correcticn factor ¢ (Takle 7).

Pormula (133) is valid alsc for ring crcss-secticn d,/3,=0.1-1.0

in tha case of heat excnange with the external (larger) surface.

For the ring crcss-secticn and the heat exchange with the

intarnal surface the fcrmula takes the Zcrm

a=0,023 — ( _‘i)"'“ Re™p xcalsmzh oc,  (134)
4\ 4y

vhera d; - an ou<side diameter c¢f core tube;

"fﬂf”‘f’f:;u"
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d> - inner diameter of tcdy tuke.

Heat-transfer ccefficient during the trarsient mode/conditions.

Motion is unstable. Reyrclds numker is within the limits of Re frcn

2200 to 10000.

In +this case of fcraula (¥32) and (133) the heat emissicps for
the laminar and turbulerzt mcds/conditions are nct applied, but their

extrapolation is not adasitted.
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Table 7. Values of coatficients =

Re "‘}n 2 5)10 15120 meso
1-108 1,65 {1,50 | 1,34 ) 1,28 | 1,17 | 1,13} 1,07 | 1,03} 1,0
2.100 15t 140,27 8 (13 1,00|1,05] 1.02] 1,0 | ;
5108 134 [ 1,27 | 118 | 1,13 | 1,10 [ 1,08 | 1,04 { 1,02 1,0
1-108 1,281,220 1,15 1,10 { 1,08 1,06 |1,03] 1,02} 1,0
1-108 1,14 4,11 | 1,08 1,05 1,04 1,03]1,02] 1,01} 1,0

page 61,

FPor determining the neat-transfer ccefficient during the
¢ransient mode/conditicrs it shculd be used tke fcllowing derendence:

a= Nu A kcal/m2h ©C, (135)

d
wvhere Nu - Nusselt's criterica, determined in depending on criteria

Re, Pr and products GrEr3 on the graphs/curve Fig. 44 or according to

formula (136);

X - coefficient of the thermal ccnductivity cf medium at mean

temperature, kcal/m-hour 9C;

4 - diameter of duct, t.
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Fig. 44, Graph/curve of hsat smission during the transient

sode/conditions.

Page 62.

Approximate value c¢f Nusselt's critericn Nu for the transient

L2

mode/conditions througlk the graph/carve Pig. 44 is located in a
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following manner:

1) en the ordinate at value Re,=10' is flctted/deposited the
value of Prandtl numter Er, calculatad at mear temperature of medium

{pcint A);

2) on the ordinate at value Re,=2200 is plctted/deposited ths
valua cf the product cf criteria Gr Pr3, calculated at mean

“2mparasure of boundary layer (pcant B):
3) points A and B are cconnected by the straight line KE:

4) on the axis/axle cf abscassas is plctted/deposited the value
¢f critarion Ra for the transiant mode/ccnditicns (pcint C), and frem
Foint C is set up ordinats pefore the interssction with the straight

line AB (point D)

5) by the value c¢f crdimatée CL is determined the unknown value

cf Nussalt's critericn Nu during transiticn mcdes/conditions.

Approximats value c¢f Nusselt’s critericn Nu during the transient

mode/conditions can te also determined according to the formula

Nu = (Nu, — Nu,) R =290 | Ny, (136)

7800

where Nu, - Nusselt's criterican, calculated fcr Re,==10° according to
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E; fcrmula (133);

Nu, - Nuss2lt's critericn, calculated for Re,=2200 according ;g”ﬂ~”””hﬂ

formula (132). T

The coefficient of h2at traansfer during the transverse flow

arcund duct by liquid and yas (vapcr) is determined from the formulas

of V. I, Gomelauri:

For the liquids

c=c%Re"Pr°v‘ Kcals/m2h ©C, (137)
} For the gasses ,
|
| a=c%Reu xcal/m2h oC, (138)

where ¢ and n - the coefticients, which deperd cn the value cf

critarion Re (Tabla §).
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Table 8. Value of coefficiants ¢cr ¢ and n.

FAGE

1
X4

K Kpurepus Kg{@puunem ¢ Kos«p@uxem ¢ n
Peftnoabaca Re AMA KHAKOCTH | AAA raza (napa)
5+80 0,930 0.810 0,40
80+ 5000 0,715 0,625 0,46
5000 < 109 000 0,226 0,197 0.60

Key: (1) . Reynolds numter. (2). Ccefficient ¢ for liquid. (3).

Coefficient ¢ for gas (vagor).

Bage 63.

Remaining designaticns the sase as in the preceding/pravious

fcraulas.

Formulas (137) and (138) are applied fcr the drcp ones and the

the elastic liquids with tae wasaipg of single Aucts,
As the determining size/disension is accepted the diameter of
streamline tube, while fcr the determining temrerature - mean

temparature of liquid.

Tha rate of flow is determined in the narrcwest section cf

channel.
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Heat-transfaer ccefficiert during the trapsverse flcw arcund the
bank of tubas of gas (air) is detsrmined on S. V. Litvinov'’s formula:

¢=CC%RE' 'KCalsm2h °C, (139)

wher2 the values cf coefficients ¢cf ¢, ¢ and n depend on the
schematic cf run ¢f pipes in the rceam, a nunkter cf series/rcvs and

distanca S, between the axes/axles of ducts in the series/row.

Tha values of ccefficients of ¢, ¢ and n are given in Table 9;

ramaining designations the same as in the preceding/previocus

formulasy

Tha schematics cf run ¢f pipes in +he teams are given in Fig,

us.

Formula (139) is applied fcr the air and the flue gases.

The rate of flow relatss tc the narrowest section in the beanm

(series/row).

IR 3
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%y

_f Table 9. Value of coefficiznts cf ¢, ¢ and n.

P (L Pacnosaoxenne 1py6
Paau !t%punopuoe waxMatioe ¢ TMpuucuanne
n 1 n 2
1 0,60 |0,150| 0,60 {0,150 s| (@ s,
I Tpun =12
2 0,65 |0,138] 0,60 |0,200 ]""014 pug=1:+3
3 0,65 [0,138] 0,60 10,255 ®s . .
" ] 1.3 flpn 5 =3+35
j4nmr al 0,65 |0,138| 0,60 0,255 d
E ) Rey: (1). Series/rows, (2). Bun cf pipes. (3). Corridor. (4).

Checkered. (5). Note. (6). with.
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Page 64.

As the determining sizesdimension is accepted the diameter of
duct, while for the determiningy tesperature ~ mean temperature of

flow,

Tha heat-transfer ccefrficient with the crcss flcw of air,
calculated according tc¢ formula (139), is valid cnly for the cases
wvhen angle %, comprised by direction of flcw and by axis/axle of
duct, called angle of attack, is egual tc 909, At angle 7, different
from 90°, the value cf heat-transter coefficient, fcund frcm formula
(139) , should ba multiplied by coefficient 3 obttained from the
graph/curve Fig. 46,

Heat-transfer coefficient in tent tube is determined frcm the
formula, derivad on the tasis of 3xperimental data:

tor= (14177 73 wxbswacoc, (140)
Key: (1). kcal/m2h,

vhere a - heat-transfer ccefficient for straights/direct ducts,

kcal/m2h ., ©°C:
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d - diameter of duct, mm;
R - radius cf curvature of duct, mm.

Heat-transfer coefficient in tent tube cther conditions Leing
equal will be more than in th2 straight line. This increase cccurs
due *o the disturbancestrsakdcwn of the laminarity of the flc¢w in the
rotation, which creates the ccnditicns c¢f mcre intense heat exchange.

With an increas2 in the radius ¢ curvature cf duct the coefficient

of heat transfer descreases.
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i Fig. 45. Schematics cf run cf fipes in the teams: a) corridor; b)
L checkered.

Fig. 46. Dependence of neat emission of duct cn angle of attack #
Page 65.

Particular heat-transfer ccetficients.

{V‘ Heat-transfer coefficient a for the water: 1) for the water,

i which takes place in tuke or channel of any section with laminar

flow, a is determined frcm fcramela (132)

2) for +the water, which takes place in thke tube with turtulent

' flow,
r a == A2 xmg)lx‘-m °C, (141)

- Key: (1) . kcal/mzh,
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whara A=(1190 4+ 21,5 £, — 0,045 £%,);
v - spaed of water, m/s;
d - diameter of tute, m;
ts» - mean temperature cf water, °C.

Values A4, o™, ¢* ars given in Tatles

11 and 12.
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€able 10. Values A,
tp °C 0 10 2 30 40 0 60
A 1190 | 1400,5 | 1602,0 | 1795,5 | 1978,0 | 2152,5 | 2318,0
tep °C 70 80 % 10 [ 120 | 140 _
A 2474,5 | 2622,0 | 2765,5 | 2590,0 | 3122,0 | 3318,0
Takla 11. Values vo8,
14 voi' v oo-' v vo-a 14 00'3 v pov’ v 00»3
0,1/0,158 30,5/ 0,574 | 0,9} 0,916 § 1,3} 1,23 f1,7] 1.53 ]2.5] 2,08
0,21 0,27540,6} 0,685 1,0} 1,000 1,4} 1,31 11,8} 1,60 33,01 2,41
03/0,38210,7)0,7528 1,1} 1,080 1,5} 1,38 41,9] 1,67 §3,5} 2,72
0,4 0,480 } v,8] 0,837 § 1,2} 1,160 % 1,6} 1,46 ]2,0] 1,74 }4,0] 3.03

Table 12.

Values 4-92,

d

a2

d—O‘z

0,010 2,51 0,020 2,19 0.030 2,02 0,055 1,79
0,012 2,42 0,022 2,15 0,035 1,96 0,060 1.76
0,014 2,35 0,024 2,11 0,040 1,90 0,070 1.70
0,016 2,29 0,026 2,07 0,045 1,86 0,080 1,66
0,018 r 2,23 0,028 2,04 0,050 1,82 0,100 1.52

Page 66.

FPig. 47 givas the ncmcgram rcr determining the heat-transfer

coefficien*t for th2 water, calculated accordirg tc fcrmula (141).

t




e e o A< A W o o AR 3 e o T B R L R - o LR A Ak RV 0

|
i
N

g DOC = 30040204 eace |60

Nomoqgram makes it possitle tc détermine heat-transfer coefficient for
differant mean temperaturas of water and different diameters cf tutes
in the dependence on the spe€€d ¢r water in the tubes., The

; detarmination of heat-traansfer ccefficient in the ncmogram is shown

by *he arrows/pointers:

3) for the water, which flcws around aktout the tubes during the

free convection (free gcticn), « are determined from formula (131);

4) for the water, whicih flc¢ws around abcut the tubes at low

speeds,
a=0,5 % Re**pr? xxag/}«'-qac °C: (142)

Key: (1) . kcal/m2h,

where A, d, Re and Pr - the same as in the designation of similarity

criteria.

v
e e o e
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Fig. 47. Nomogram for detersininyg the heat-transfer ccefficient from

the wall to the water and frcam the water to tke wall.

Key: (1). kcal/m2h. (2). m/S.

Page 67.

5) for the water duriny the transvarse flcw aréund tube a it is
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determined from fcrmula (137);

6) for the water, whica flcws around aktcut the tubes lengthwise

with the turbulent mcticr, o 1s determined frc¢e fcrmula (133);

7) for the boiling water
a = 220" A8 kx “s-uac °C, (143)

Key: (1). kcal/m2h,
wheare - pressure in ccrotainer, atm(abs.):

At - differenc2 ir the temfperatures between the surface of wall

and “he boiling water, 9C.

Fig. 48 gives *he curve cf hecat-transfer ccefficient a for the
toiling water in the depeadsnce c¢n a difference in temperatures
A A (tetween the wall and the water) at the atmostpheric pféssure
of the boiling liquid. Curve ccaosists of two sections, which are

sharad with th2 point ¢t the critical teasperature head (by difference

in the temperatures), egtal tc accut 25°C).

L
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Fig. 48. Heat-transfer ccefficient for the tciling water in depending

on a difference in the teuwpsratures between the wall and the toiling
water.

Key: (1) . kcal/m2h,

Page 68.

The solid line of curve is lccated in limits c¢f 5-259C of the

tzmparature head; it ie calculatea according tc formula (143) for the

atmostheric pressura.
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Laws governing the haat-transfer coefficiant, lccated in other
limi%s of the temperature anead, are different. An increase in the
temperature head higher than critical leads tc a sharp reduction in

¢he heat-transfar coefficient tcr the boiling wvater.

v e

-

Heat-transfer coefricient a Lor the oil-prrecducts: 1) for the

cil-products, petroleun raesidue and oil, whict take place in the

tubes with viscous nmcticn, B

= Ao/ l\-05 (7
! Q== 13,2—4— Peo”(-d—) g KKaA)J"-"aC °C. (I“)
Key: (1). kcal/m2h.

] where A - coefficient c¢f the thersal conductivity of oil-product,

kcal/m-h %,

d - diameter of tube, B;

l - length of tube, B;
Pe - Peclet?'®s critericn.
The motion of oil-products usually cccurs with laminar flow;

2) for oil, which tlousl¢rcund about the tubes across,

. / o
a=550 )/ = (1 + 0,006¢5) e -uae °C, (145)
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Kay: (1). kcal/mz2h,
vhere v - speed of o0il, a/s;

t - space of tutkes, wmao;

ds - outside diameter cf tubes, nm:
to - mean temperature c¢f cil, °C,.

Fig. 49 gives curves of hecatv~transfer ccefficients for the oil
ccclars, calculated acccrding tc formula (14S) in the dependence on
the spead and mean temperatura oils also of the space of tubes. With
the space of tubes 21 mp the neat-transfer ccefficient increases by

9c/0, while with the srace 2C ap - to 22c/0;

3) for the oil-frcducts, preheated in the cistern by coils (heat

amissicn with the free mcticn),

xxag'lzt’-mc °C; (146)

Rey: (1). kcal/mz2h,

4) for th2 oil-grcavcts, which take place along stand pitge,

Y 0
a=2061 1/“'"——-' xxagzl?u'-uac °C; (147)

(). kcal/m2h.
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Page 69.

5) for the oil-prcducts, which take place along horizontal duct,

Y (]
a=191 ]/‘E{-‘ ;ma(/z?m-mc °oc, - (148)
Key: (1) . the kcal/m2h,

vhera ¢, - ta2mperature cf wall, determined acccrding to formula

(19), °c:
t - temperature of cil-gzcducts, °C;
v - kinematic visccsity coefficient, m2/s;
d, - outside diameter c¢f ccil, m.

Heat-transfer ccefficient tcr the ccndensing water vapor: 1)

the vertical wall or the stand fipe

4
—_— 7
z'gAVm Kf‘a(.ﬁ)”,“(ac °C, (149)
Key: (1). kcal/mz2h,
WALt 3 i
whera A==o,94:3,l/-7T degends or temperature /£, of deteramined

accerding to formula (1€) or (<1);

for
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r - heat of vaporizaticn, xcal/kg:

=

- height of wall cr duct, a;

¢,- tomperature of the condensatle vaper, °C.

4*—“
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Pig. 49. Heat-transfer ccefficient for the cil ccclers in degending
cn speed and mean tempereture of cil, which takes place between the
tubes with a Jdiameter ci 16 sm and with space 22 mn,

K2y: (1). kcal/m2h, (2). Mean temperature cf cil. (3). nm/s.

i Page 70.

ber - tamperaturs of wall, decermined accordirg to formulas

an-9, °c:

vy - the specific ¢ravity/weignt c¢f ccndensate, kg/m3;

A - coefficient of thersal ccaductivity, kcal/m-h %;
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M - viscosity of ccndensate, kges/m2,

Values A are giver in Tacle 13;

2) for the inclined wall ﬂ
e — )
. X =a, Vsinp Kmél?u’-mc °C, (150)

Ray: (1). kcal/m2h,

where %, - heat-transfer ccefficient frcm the condensable vagor to

th2 vertical wall or ttuke, tke kcal/m2-h %,

B - angle of the slcpe ¢f wall tc the hcrizontal plane;

3) for the horizortal duct

4

%=0174Y oo xedDwt-sacoc, ~ (151)

? Kay: (1). kcal/m2h,

whers 4, - outside diameter c¢f duct, m;

A, r, t, and f{y - the same as in forsula (149);

4) for th2 beam of tne hcrizcptal ducts (arranged/located by one

0
|
3
19

3
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under another so that the ccndensate of upper duct it flows cn lower)
4
T 2}
2, =a, V--’l‘— x;a{) | w*-wac °C, (152)
Kay: (1). kcal/m2eh,

where 2 - heat-transfer coefrficient for the upger duct;

n - number of ducts, arrangedslocated ‘cn the vertical line under

gach cther.

Pig. 50 gives the ncmoyram for determining the heat-transfer
coefficient from tha condensable vapor tc¢ the wall for the vertical

and herizontal lccation c¢f walls, calculated acccrding to formulas

(149) and (151).
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Lo

ﬂ fabla 13. Vvalues A,

tp] A ltp] A ltp] Allt] A Jtp] A fop| A fop| A

0| 1147 130! 1495 | 60| 1795 } 901 2075 | 120| 2330 §150| 2570 4180 | 2775
10} 1270 140| 1600 § 70| 1890 § 100] 2160 | 130 2415 | 160} 2640 § 190} 2835
20} 1387 | 50| 1700 | £0 1985 | 110} 2245 § 140) 2495 | 170| 2710 {200| 2890

Page 71.

E . Cn the nomogram the value a is determined in depending on the product
1 cf the height/altitude c¢f wall ¢r kteam of tukes to a difference in
F the temperatures of the ccndensable vapor and wall and on the

temperature of boundary layer ¢, <¢f determined acccrding to foraula

(16) or (21):

S5) for the condensakle vagpcr within the hcrizontal ducts and the

i cecils 3
. : /
a==(3400 + 1002,) '/ !# lcxa(/z?x'-'mc °C,

Key: (1) . kcal/m2h,

vhere v, - speed of steas with enrtrance intc the duct, m/s:

= Z- length of duct ¢r ccil, a;
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6) for *he condensakie vapcr within the stand pipes a are
F

determined from formula (149).

Heat-transfer coefticient for the condensatle moving/driving

vapor, which contains air, is uetermin=d frcx empirical feramula VTI
30167
A
\ @=m __(:2.107 — KKaxa[#*-wac °C, (153)
Key: (1). kcal/m2eh,

where o7 ~ the mass flcw rate cf air-steam mixture in the wide

section of channel, kg/m2s.
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Fig. 50. Ncmogram for determiniang the heat-transfer coefficient frcm

+he condensable vapor to tne wall.

Kay: (1). for the horizcrptal lccation, 1C3 kcal/m2eho9C. (2). for
vertical run, 103 kcal/m2eh9C. (3). oOr.
Page 72.

A, n - values, which depend cn the content cf air in vapor a==g'
n

and the temperature cf sixture {f., to equal temperature of stean >

determined on *he curves ¢f the graph/curve Fig. 51 and 52;

At - the temperature heac (dizference in the temperatures of
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mix*ure and tha walls cf duct), °C,.

Pormula (153) is cttained acccrding to experimental data for the
horizontal beam cf tha trass aqucts with a cutside diameter cf 19 num
and by space tetween ttem cf .d sm at ¢, =30-=80°C; At =3-+15C;

7y =0,1+30 k3g/mps and ¢=0-03 kg/kaq.

Heat-transfer coa2fficient fcr the overheated (not condensing)

vapor is determined frca formula (133).

It is necessary tc keeg in sipd that, if the temperature of the
vall lower than temperature of saturaticr, then the ccndensation of

the superheatad steam flcws/cccursylas*s then gocd as saturated.

Tharefore heat-transier ccefficient for the superheated steam is

defined:

1) according to foraulia (149)as for the condensable vapcr, if
the temperature of the wall lcuer than temperature cf saturation of

stean;

2) according *o fcrmsula (133)as for the cverheated (not
condensing) steam (or cases}, i1f the temperature cf the wall higher

than temperatures of saturaction,.
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puring the determinaticn of heat-transfer ccefficient fcr the
condensing superheated steam saculd be allowed its temperature of

» saturation at the apprciriate pressure, tut nct the temperature of

cverheating.
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Fig. 51. Value of value 3 in degending on the coatent of air in steam

and the temperature cf air-steam mixture.

Key: (1). kg/kg.

Page 73,

Heat-transfer coefriicient for any gas and air: 1) for the gas
and the air, which takes place in duct or chzenel of any section with
viscous motion, heat-transter ccefficient is detarmined from formula

(132) ;

2) for the gas ané the air, which takes flace in the duct or
which flovs around abtout the it lengthwise during turbulent wmcticn,

heat-transfer coefficiert is determined frce fcocrrulia (133);

T : ~
SR PR Vi BT Era T o s " 2 e el . . PO
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‘{ 3) for the gas ané the air with the transverse of the flcw
around “he bank c¢f tubes neat-transfer ccefficient is determired frcn !

fcrmula (139);

4) for the air (free convecticn cr at the speed of moticn is not
rore than 0.5 m/s) witt tns vertacal run of the flat/plane or *
cylindrical walls ')

4
a=22V1, —¢, xxasjuteac °C; (154)

Key: (1). kcal/m2ehoC,

L S) for the air during the hcrizontal lccation of the flat/plane

1 wall, turned by the heat-transmitting surface upward [conditicn for

air circulation as for tha fcrmula (154) ]

‘o (@
a=28Vt —t, xxa.]mt4ac °C; (155)

K2y: (1). cal/m2ehoC,
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Pig. 52. Value of value n i1n depending on the content of air steanm

and the temperature cf air-steasm mixture.

Key: (1) . kg/kg.
Page 74.

6) for the air during the hcrizontal lccation of the flat/plane
wall, turned by the heat-transmitting surface dcwn [conditicr for. air
circulaticn as for the formula (154) ]

a==1,13 l‘/tc., —1, xxg)}lx’-'mc °C; (156)
Key: (1). kcal/m2eh©oC,

7) for the air duriryg tke bcrizontal lccation of the cylindrical
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valls [condition for air circulaticn as for the foramula (154))

¢)
Kkxaa/ud-yac °C, (157)

4
a=102Y a=hH
dy

Keys (1) . kcal/m2ehoC,
vhera ¢, = temperature c¢f wall, 9C;

t, - temperature of surrcuanding air, °C;

d, - outside diameter cf duct, =;

8) for the environment (air) from the surface of the walls of
apparatuses and pipes in the clcsaa location at temperature cf

heat-transfer agent frca: 0 tc 1509°C

()
a=x8,4+40,06(¢,—¢) xxa(/t)x’-qac °C. (158)
Key: (1). kcal/m2eho(C,

In this formula is ccnsidered the ccnvecticn and emissicn with

4.6 kcal/m2eh (9K) ¢,
Heat-transfer_coefticient fcr the humid eir
Ay =2, mca/z;,u’-ltac °C, (159)

Key: (1). kcal/m2ehoC,

wher2 a,, - heat-transfer ccefticient fcr tke dry air, kcal/m2eh°C;
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} E - coefficient ¢f moilsture removal, determined in the fcrmula
' gL A0 ey,
t=1 }— lep—ter ¢ !
wher2 4 - a moisture ccrntent c¢f air, g/ka;
{p - mean temperature cf air, °C;
f., - tamperature of the surface ci wall, °C;
r - heat of vaporization with {, kcal/kg;
]
1 g iu==a, - enthalpy of moisture ¢cn the surface of wall, kcal/kg:

‘% - averaje/mean heat capacity of the air, kcal/ﬁg°C.

Tentative limits c¢f the values of heat-transfer coefficients a

in kcal/m2eh®C: “

Puring heating ané coclinmg air ... 10-150,

During heating and cccling ¢f superheated steam ... 20-100.

During heating ané ccclinyg pertroleum grcducts ... 150-600.

¥
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During heating and cccling water ... 200~-10000,

During boiling of water ... 500-45000.

bDuring the condensation of water vagors ... 4000-15000.

Page 75.

Radiation coefficient.

- Heat transfer can be acccmglished/realized alsoc by a method of

emission. With the heat transter from the wall tc the surrcurding

J space simultaneously witk the ccnvecticn always has the place and the
emission whose intensity degends ¢n the degree of the warmth of the

surface of wall.

[ S,

The radiation/emissicn of heat by the surface of wall depends on '3
a difference in the temperatures cf the wall and the environment and
cn surface condition of wall, ccnsidered by radiation factor. A

quantity of heat, emitted by the unit of surface for the time unit i

%

with a Aifference in thke temperatures between the emitted surface and

the a2nvircnment in 1°9C, is cailed radiation ccefficient.
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Radiation coefficient frcm the wall intoc the environment is
determined from to the fcramula

o) - ()

ley — (up

/
Cye=C xxcfz’u’-mc °C, (160)

Key: (1). kcal/m2eh®C.

where 7J,=27324¢, - altsclute temperature of the wall,

heat-radiating, °K:
Tm=273.2+f..,- ambient tesperature, °K;
le- tamperature of wall, °C;

fwp - ambient temperature, °C;

. '..,.
v —————

C - radiation factcr, tie kcal/m2h (%K) ¢, derending on surface

1 condition.

The values of value € ara given in Takble 14,

%y
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fable 14, Values of the coefficient radiaticnm C.

ﬁ JH]"MCIIONHHG xsv'ﬁ%(’; Hanuenonanie ‘(.:_'qz: (o,l(y
QA 6C0anTHO uepHOe TR0 4,96 }!:xeab NOAHpOBaNHUA 0.3
wununit  ancrosoit 0.35 oaa 3,7
wepoxosarui TexA0 4.45
AOMHERA aHCTOBON NO- 0,26 e3MH3  WwepoxosaTas 4,26
AKPOBANAIE cepas
eneso 4,6 €3MHA r13KAR YepHan 4,69
€ne30 OKHCAeHHOE 3,64 apTon achecToBmil 4,76
€1€30 OUHHKOBARHOR 1,37 PacKkH aNOMHHHERNE 1,34—3.32
€lb WepOXoBITIR 3.6 packu Macasnue pasnue | 4,56—4,76
WMeae saannonamias 3,1 MACRII, RAK 4.45
e1b NOANPOBANHIR 0,6 ymara 1.6
aTyHb BaALUOBAKHAR 0,34 oxa 4,75
aTynb noanposannasn 0.25 ipnia kpacuwit wepo- 4,61
0BaTHH ‘

Key: (1) . Designation. (z). kcal/m2h(°K)*. (3). Blackbody. (4).
Nickel, pelished. (5). Aluminum sheet rough. (6). Mica. (7). Alumirum
sheet polished. (8). Glass. {(39). Eubber rough gray. (10). Ircn. (11).
Rubber smooth black. (1<). Yrom, cxidized. (13). Cardboard (asbestos.
(14) . Iron, zinc-coated. (15). EBaints/colors (aluminum. (16). Copper
rcugh. (17). Paints/colcrs cii different. (18). Ccpper rolld. (19).
Enamel varnish., (20). Ccpper pclashed. (21). Farer. (éé). Brass

rol%ﬁq (23) . Water. (24). Brass pclished. (2%). Brick red rough.

Page 76.

§ 10. Thermal loads, stresses/vcltages and efficiencies.
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-+ Under the thermal lcads and the stresses, vcltages is implied the
quantity of heat, p2r urict ¢f surface (heating cr cccling) or unit

volume of apparatus.,

Thermal loads and strassasyvcltages can Le expressed in the
units the measurement: tlersal (kcal/m2eh; kcal/m3eh), weight kg/m2-

hcur; kg/m3-hcur) and vclumetric (m3/m?- hour:; m3/m3-hour).

p - St2am load of the condenser:

‘ U= % xz/.n’-zc)c, (161)
s Key:'(1). kg/m2-hour.

where G - a quantity of ccndensed vapor in capacitor/condenser, kg/hs

TR et 1 TR v e

F - cooling surface of cagacitor/condenser, m2,

The permissible values c¢f the steam lcad cf
capacitors/condensers in depending on vacuum are represented in Table

15.

Tha multiplicity cf coocling - these are the ratio of a quantity

s cf cno.ing water to a quantity cf condensed vaper or, othsrwise, the

axpenditure of cooling water pexr 1 kg of the condensed vapor.
'
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The multiplicity of cooling can be expressed by the formula

m=—Z—' K2 BOAM/KZ napa, (162)

Key: (1). water/kg steaan.
vhere W - a quantity of cooling water, kg/h;

G - quantity of ccncensed vapcr, kgsh; cr

— i!"il

i’
i
<=z, *¢ sonufxz napa,

Key: (1). water/kg steas,
whera ., - enthalpy cf stsam ugcn the e%trance, kcal/kgs:
iy - enthalpy of condensate, kcalskg:
c - heat capacity cf cocliryg water, kcal/kg@9cC;
t, - temperature cf cooling water ugon the entrance,

t, - temperature cf cocoling water on leaving °C.
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f€abl=s 15, Parmissible values of steam load,

Bacyyu s xonzencarope, % 9% 9093 I 94—95 | 96—97

aposan marpy3ka, x2fw¥uac | 150—200 ‘ 110—150 | 60—90 50-70

Key: (1) . Vacuum in the cagacitcr/condenser, c/¢c. (2). Steam load,

¢
kg/m2eh, Page 77.

The graph/curve cf a chanye in the sxpenditure cf cooling water
for 1 kg of the condensec vapcr in the dependence on the vacuum in
the capacitor/condenser and temferatures c¢f ccoling water upon the

entrance is shown in Pig. 53.

The permissible values of the multiplicity of ccoling m in the
capacitors/condensers can c¢scillate in the limits frca 30-40 to
60-70, but sometimes in thne siangle-pass capacitcrs/condensers they
can reach 120, which draws an undesirable increase in productivity

and powar of circula*irg gumg.

Stress/voltaga cf vaporizaticr surface:

Ru= 22 wfid-eac, (164)

Key: (1). m3/m2-hour,

vhere D ~ productivity c¢f vagcrizer/evapcratcr, kg/h;
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v - the specific vclume ci secondary stear, m3/kg:

Fe - surface of the vagpcrizaticn surface, n2,

The value of the stress/vcltaye of vapcrization surface in the
vaporizars/evaporators usuyally 1s within the limits of 1500-2500
; : m3/m2-hour and with lowering in tne pressur2 cf tha secondary steasnm

* (te 0.15 atm(abs.)) car r2ach 6000 m3/m2e}h,

Stress/voltage cf the hearing surface:

; . .=—7?: xzﬂc)‘-uac, (165)

- Key: (1) . kg/m2-hour.

where D - productivity cf vapcrizer/evapcratcr, kg/h:
Fi- surface of heating, a2.
The value of the stress/voltage cf the heating surface in the
vaporizers/evaporators usually lies/rests within limits of 8(C-110
ky/m2-hour and sometimes can reach 150 kg/m2-hcur, and with the

reliablas separators - t¢ 200 ky,s/m2-hour.

Stress/voltage cf tke steas vclume:

R,= %" u’ﬂ%‘-uac, (166)




A-'W' T —'-“

DOC = 80040204 EAGE |’$

Key: (). a m3/m3¥-hour.

where D - productivity c¢f vagcrizer/evapcratcr, kg/hg

v - the specific vclume c¢f seccndary steam, m3/kg;

YV - volume of steas space, ad.
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Fig. 53. Multiplicity cf ccoling in depending on vacuum and

temperature of circulaticn vwater.
Key: (1). Vacuun.

Page 74,

The value of the stress,/voltage of steam vclume for the

sacondary steam of vapcrizsrssevapcratcrs can reach:

1) for the vaporizerssevapcrators of atscstheric pressure

R,=3000 n3/m3-hcur;

2) for the vaporizerssevapcratcrs, which wcrk with the

fressuraes, differant f£rcs atmosgaeric

|
)

R, = fR, uﬂé-uac.

-

Key: (1) . m3/m3-hour,
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whare £ - a coefficient c¢f the pressure whose values are given in

Tabla 163

3) for the vaporizers/evapcrators, shich have the sufficiently
: effective built-in separatois or the supplementary separating
devices/equipmaent:

R, = (1,2 1,4) /R, #%lcS2dc.

Key: (1) . m3/m3e-hour.

Th2 efficiency cf heat exckangers % is equal to the ratio of a

quantity ¢f heat Q,, ottained i1n tne apparatus, to a quantity cf heat

Q;, which is spent in thne procass of the werk of apparatus, and it is
express2d in genaral fors oy the formula
0 .
'l=—¢~f- . . (167)
Efficiency of the apraratuses, which werk withcut a changa in

the state of aggregaticn {(ccclants of water, c¢il, air, water-to-wvater

creh2atars, etc.):

G.'c‘.l (‘; - t‘.‘)

- 2 . (168)
b k Gy (t; = t) .

Efficiency of the afpparatuses, which wcrk with a change in state

o of ajgragation of one cf tnec neat~transfer agents (steam preleaters

of water, oil, air, fuel, /prcpeilant, capacitcrsycondensars, e€tc.):

G.es (ty— ) ' 169
., n= Dy (il_cl‘l). ( )




DOC = 80080204 EAGE |Q|7

Efficiency of the apparatuses, which wcrk with total variation
in the state of aggregaticn c¢i c¢pe heat-transfer agent and partial
change in the stata of acyregacticn of ancther heat-transfer agent

(vaporizers/evaporatcrs, distillers, distillers, etc.):

Drlly— et.) — Dy (3 — )
Dy (ag — ¢yty) : (170)

Efficiency of the apparatuses, which work with a change in state

7.-

of ajgragation of both heat-transfar agents (evapcrators, etc.):

- Dy (4 — cats)
7 Dyth—city) " (7n.
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®abla 16. Values of the coufficieants of gressure £,
pama | 16 | 40 |20 | 10 |08 |07 | 06 ] 05
! 0.8 om7| o915| 1.00) 115} 1,25} 1,4 | 1.6
Key: (1) . atm(abs.).
Page 79.
Here G, - gquantity c¢f cocling (or heating) medium, kg/h;
G, - quantity of heated (c¢r ccoled) wmedium, kg/h:
D, - quantity of Feating ccandensing steam, kg/h;
D, - quantity of the seccndary steam, kg,/hs

s - coefficient of the gurging of the heated medium;

c; - heat capacity ¢f the cocling (cr heating) medium, kcal/kg

0c:

c» - heat capacity cf tte cocled (otheated) medium, kcal/kg

0c:

<
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i, - enthalpy of heating ccnaensing steas, kcal/kg; ;

i, - enthalpy of the seccndary steas, kcal/kg; i

ty - initial temperature of tne cooling (or the final ‘

temperature of that heating) sedium, °Cg

t', - the final temgerature cf the cooling (or the initial

temgparature of that heatiny) sedium, °C;

t, - initial temperature of taoe heated (cr the final temperatuce

¢f that cooled) medium, 9C;

t', -~ the final tepfperature cf the heated (or the initial
temp2rature of that cocled) medium, °C.

Usually the efficiency of apparatuses fcr simplification in the
calculaticns take as the agqual tc the followirg values which

insignifican*ly differ trom thcse calculated:

fbr the heat exchangers, wkich have thersal insulation ...

0. 97-00 98.

Por the apparatuses, which dc not have thermal insulation ...
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"
C.93-0.95.,

The efficiency cf apparatuses for ccnvenience in the
calculations vary Q;sque;tly raplace by the ccefficient, which
considers the heat léss bty the apparatus intc the 2nvironment, which
also is designated thrcugh % This ccefficient is the value,

reciprocal efficiency and takes as the aqual tc:

for the apparatuses, wonich nave thermal insulaticn ...
n

1.03-1.02.

Por the apparatuses, which dc not have thermal insulaticn ...

"
’007-1.050

§ 11. Determination c¢f some structural elements/cells of apparatuses.
With the execution c¢f theraal designs usually it is necessary to
defina or to sz2lect scee structural elements/cells c¢f apparatuses,
as, for instance : the space of the laying cut cf tukes, a nusber cf
tutes and their length, diameéter cf the tube plate and surface,
form=d by tubes and, etc. wbich have an effect bcth ¢n the thermal

design and on the constructicns/design of apparatus,

Fage 80.

TR A NN o S T YT T = A
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Are givean below the most necessary formulas and initial data Ly
choice and detorminaticn of scme structural elements/calls.

The diameter of the cranca fpipe:

da=YE_V 2 (172)

where 4 - an inner diaseter of traach pipe, m;

F - sectional area cf branch gipe, ®2;

D - expenditure of the medium through tranch pipe, kg/h:

v - the specific vclume c¢f medium, m»3/kg;

u - speed of medius, m/s.

Equivalent (hydraulic) diameter in general form is expressed by
the fecrmula
- » (,73)

vhere P - a cross-secticnal area oif channel, 82

w - wetted perimeter of channel, nm.

BEquivalent diameter for scae rorms cf channel is given in Table
17.
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€able 17, Equivalent diazeters 4,

(’ )Oopua Kanana

l(.z

YIxsusasentuntl ana-

uerp d'
ls)(pymu Tpy6a anaverpom d d
)Kunpat <o croponoft & a
Sannuoyrom.unx €O CTOPOHAMH a W 5: 2ab
{e)renicobuen wepes sce crzponm ars
Q)teruoo&ueu Yepes 18¢ NPOTHBOMOAOMAMIE 2%
CTOpOHN &
(8) tenaco6uen aepes oany cropony a 1%
) Koasuesoe cevenne (1py6a d » tpy6e D):
(p)remooo\uen 1epe3 BHYTPEHRIOIO H BHCHIHION D—d
nosepxiocTi
(II) TeM1006uen TOIbKO TEPEI BHEWNIOO BO- n-—a
BEPXHOCTH D
[J)temoodnen T0ALXO 9€Pe3 BHYTPEHHIOW NO- Dt —at
BEPAHOC Tb d
’3\1&“ 6
;3 HOe NPOCTPAHCTBO (1HaMETP xOPNY-
Anauerp tpybox d w uncao 1py-
60:
— nd®
(/‘I)reruooducu nepes TpyOHuR nyqox e M”

Key: (1) . Porm of channel. (2). Eguivalent diameter.

duc* with a diam=ter of d. (4).

with sides a and b. (6). heat exchange thrcugh all sides.
exchange through two offpcsite sides a.
side a. (9). Ring cross-sacticn

exchanga through interral and aexternal surfaces.

only through external surface.

internal surface. (13). Interctukte spaca

diametar of tubes 4 and rumrcer c¢f iellings n).

Sguare with side a.

(12). heat exchange cnly through

Circular
Rectangle
{7) . heat
(€) . heat exchange through one
(duct 4 in duct [).

heat exchange

{diameter of housing C,

heat axchange
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through tube bank.
Page 81.
Space t of the laying out cf the tukes:

1) minimum space with the laying out on the triangle of the
tubes with a cutside diamectsr ot 4 (Fig. 54): :
¢ == 1,33,;
2) for the capacitcrs/ccndensers with the laying out cn the
triangle of the tubes with a diaseter of d,=16 us:
temd, 4+ 9+ 10 ux; ‘
3) for the capacitcrs/ccndensers with the laying out of the '

tubeas with a diametar cf d,=16 s on a radius or the rays/eams:

‘ temd, + 16 uu;

rasistance, with rolled tubss d,=16 xm during the laying cut of

T TR T T T

i

i

:

: !

4) for th= small capacitors/condensers with low steanm i
t

!

:

i3

their space on the triacgle

r te=d,+5-+6 um:
5) for the praheaters of water, 0il coclers and other

apparatuses, which have tha tuces with a diameter of 4,=16 wuu

o during the laying out cf their sgace cn the triangle

t=d,+ 56 MM

6) for the petrcleum hcaters and cther agraratuses, which have
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the tubes with a diameter of d,=17 uw during the laying cut of
their space on the triargle ]

|
Tha area of the tute plate, necessary fcr the location cf one |

i

t

tuke ¢cn +the triangle,
f=0,8666* xnt, (174)

whare t - a space of the laying cut of tubes, nmnm. ;

The solidity/loading factor of the tube flate:
Iy

where t - a space of tte layiny cut of tubes, ma3;

n - number of tubes, placed ¢n the tube flate;

D - diameter of the socket/seat of tubes, mn.

i )
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fr
.
f_
E
Fig. S4., laying ou* cf tunes can the triangls.
Page 82.
The coefficient of filliny of tube plate %, is equal tc:
‘ Bor the single-pass cagacitcrs/condensers ... 0.75-0.82.
|
Por the two-pass cnes and mscce than ... 0.72-0.78.
L .
L Por the capacitors/condensers of the type C-V ... 0.58-0.65.
|
)
A number of cooliny tuoes in the carpacitcr/condenser:
- Wz
;o = W (176)

b vhere W - a quantity of cooling water, m3/h;

L
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- number of courses cf the uater;
- inner diameter c¢f tutes, &3
- speed of water ian tubes, &/s.

Tha length of tubes (distarce between thes tube fpanels):
L=—f_ u, (177)

~dnz

where F - a surface of heatany cr cf cooling, m2;
d - outside diameter of tube, m;
n - number of tubes in tke course;
- number of courses.

The surface of heating c¢r cccling:
- _Q
F== W, (178)
where Q - a quantity of introduced or abstracted/r2moved heat,

kcal/h;

- coefficient ¢f Lteat tiansfer, kcal/m2.hoC;
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. At - average/mean logarichmiac difference in the temperatures (or

a difference in the temferatures), °C.

Furthermore, surface F can te detersined according to

sizes/dimensions and nuaker of tubas of heatirg cr cocling:
F=r=din x2, (179)

wher: d - an outsids diameter of tubes, m;

I- effactive lengtt cf tukes, m;

n - total number ¢f tubes in the abparatus.

The ar=2a of the srallest section of the rczzle:

G
(180)

Fmin= —
nl/ 2o
Uy

l vhere G - an expenditure cf steam through the nczzle, kg/s:

m=199 - for the saturated stzam and m=209 - for the superheated

steam;

kg/cm2;

Pp - pressure of steam in frcnt of the nczzle,

i
-~
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Vo — specific vcluse of steam before nczzle, m3/kg.

DAC =

Page B83.
diameter of the smatiest sectior of the nozzla:

The
’ 7]
in=— M — y
e SF
Yo

Wwnere m'=1.32 - for the saturated steam and m'=1.3 - for the

superheated steam;
(180) .

G, Dgs Vg -~ the same as in fcrmula

The nozzle exit diameter:
— Gu
d,=2015 l/ /T’,, MM, (182)

where G - an cxpenditure c¢i steam through nczzle, kg/h;

v, - specific volume of steam on leaving frecm nozzle, m3/kg;

he - adiabatic drcp,/jump is steam in nczzle, kcal/kg.

Th2 initial diameter of the diffuser/exit cone:
(183)

e Y025
D=1,921 G, I/—U-—?s;;o—“- MK,
- axpenditure cf ccmpiessed steam, kg/h;

whers @,
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Us- the specific vclume of sucked in vapcr, m3/h;
u=-g~ coefficient cf tae izjection;
G,=G.,—~G - 2xpenditure or sucked in vapor, Xg/h;

hpoe G - the same as in fcraula (182).

surface of zinc prctectorsstreads. For the protection equipament
from the ccntact corrosicn, which appears as a result of the
usesapplication in the apparatuses of the hetercgenecus materials,
which work under the ccrrcsive corditions, in the chambers/cameras of

apraratuses are established zinc fprotectcrs/treads.

The vorking surface of protectorstread is determined in
depending on the sum cf all surfaces, which are contacted with

corrosive environment, ard the radius of acticn cf rrotector, /tread.

The radius of acticn cf prctector/tread in the chamber/camera cf

apparatus is spread nct scre tman ¢n 1-1.5 m, but in the b2am cf

0"

tubes - *o0 the length, egual to ten diameters; therefore during the

calculation of the shielded surrace, besides the surfacss cf




-
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covers/caps and tube plates, saculd be ccnsidered alsc the surface of

tubes, formed by their erdssleads, at the length, equal to their ten

diameters.
Eage 84,

Th2 working surface of the grotector/tread
S=xR' ca?, C(184)
wherz R - th2? radius of acticn ¢i protectorstreaé, m; R=1.0-1.5 - fcr
the chambers/cameras of tne apparatusss; R=8-10 to the diameters of
conduit/manifold, but nct amacre than 2 @ with the diameter of

conduit/manifold D=200 as and nct sore than 2.5-3 m with D>200 am;

% - ratio of the area cf protectorstread and area of the shielded
construction/design, whica underygces contact ccrrosion under

condit ' ons of wmarine water, egual to:

for the chambers/caseras cf agparatuses, fcrmed by the surfaces
cf covers/caps, c¢f tube plates and by the ends/leads cf the tubes ...

with 1,400-1/500.

For the ducts with kronze and brass fittings ... 1/200-1,500.

For the steel branch pipes and the housirgs c¢f apparatuses with
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- bronze and brass accesscriss ... 1,200-1,30C,

Calculation of the sarfety valves of containers. Capacity is the

valve:

a) for the vapor ¢i the yas

G=-2Zhdhvﬁﬁnaﬂ2c; (185) :
Key: (1) . kg/h.
b) for the liguids 3
G = 500pdh Vp1 nzfmc, (186)

K2y: (1) . kg/h.

wvhare p=0,85 ~ a discharge coefficient;

d - diameter of valve (withcut the acccunt to the area, cccupied

bty “he edges/fins of guides), cm;
h¢d/4 - valve lift, ca;

p - the design pressure of the medium tefore the valve, kg/cm2;

vy - the specific gravity/weaignt of gmediuz, kg/nm3,
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& The calculation of electrical heating elements can be produced

acccrding to to the foraula
%
Q =0,86/Vn = 0,36/*Rn = 2FAtn = a=dlAtn xx{uzlmc, (187)
s Key: (1). kcal/h,
. whera Q - the calorific regyuirsment, kcal/h;

I - current strenctk, a;

V - voltage, v

n - number of in parallel working ccnductors;

R - resistance cf ccnauctcr, chm;

g a - heat-transfer ccefficient from the surface c¢f coanductor to

the heated medium, the kcal/a2-t9C;
T F - surface c¢f conductcr, a2;

. At - difference ir the temjeratures between the surface of

conductor and the heated medium, °C:

d - diameter of ccrductcr, n;

Z - langth cf ccnductor, a@.
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Page 85.

Chapter II,

EXAMPLES OF THERMAL DESICAS.

?' § 12. Calculation of auxiliary capacitor/condenser.
Initial data for the calculation.

A quantity is steas that entars capacitcr/condenser, G,=2700

kg/h.
Quantity of condensate Gp=1604C kg/h.

Enthalpy of steam i,=650 kcal/kg.

Enthalpy of condensate ¢p=133.4 kcal/kg.

Vacuus in capacitcrscondenser Vo.=85Y,.

L Quantity of cooiing water D=150 n/h.
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Temperature of cocling water upon aerptrance t,=189C.
W2 accept,
Tubes brass with a éiametar of d,/d,==16/14 .

Number of courses cf cccling water in tutes z=2.

Course of computation.

1. Absolu*te conderser tackpressure

Pe=1— Yo =1 8 _o15 a8

K2y: (1). atm(abs.).

2. Condensation tempsraturs cf steam when p,  (cn tables 1-3 of

applications/appendices)
t,==53,6°C.

3. Temperature cf ccndensate, abstracted, removed from

capacitor/condenser,
’,.=t,‘—41=53'6—4=49'6"c.

4. Quantity of heat, transferred by vapcr and by condensate to

i s

cooling water,

Q=G (i, — &) + Gy (g5 — ‘-)=2700(550—;49.5)+ *
: + 1640(133,4 — 49,6) = 175,7-10* xxai/sac.
K2y: (1). kcal/h,
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5. Temperature cf ccoliny water, on leaving frcm condenser

_ Q _ 1757-18 o
t,—t,+0—%—l8+m—30.4 C,

where ¢,=094 kcal/kg of °C - heat capacity cf cccling (marine) water.

6. Average/mean lccarithaic differerce ir temperatures cf vapor

and wvater

gt 304—18
A =—2—‘—=__'—__._
¢ T~ sp—18 = 25°C.

i —r, 285[5—304

7. Mean temperature of ccoling water

tp=0,5(¢ +£) =0,5(18 + 30,4) = 24,2°C.
8. Speed of cooling water 1in tubes vwe accept v=1.6 m/s.
9, Coefficient of heat transfer for capacitcrs/condeasers in
depending on speed and gean temperature cf water (cn graph/curve Fig.
39) kp=3040 kcal/m2-hcur °C.

10. Calculated coefficient or heat transfer

k = 9,9,k = 1,02.0.85.3040 = 2640 kcal/m2h oc,
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vhere #,=1.02 - coefficient for tukes with a diameter of d, =16 uu;

#,=0.85 - coefficient, which ccnsiders pcllution/contaminaticn of

tubes.

11, Coefficient of haat transier for capacitcr/condeasar in

formula VTI

%= 3500("")[1 %2 ’ (35—t,)’]¢¢._
Vs
3o00(” Ib)"‘""[l 0421/085 (35_18)3]1 =
YT
2940 &my!/x’ﬂdt °C,

Keys (1). kcals/az2h, I

wher2 x - an exvpecnent, equal tc

x=0,129, (1 + 0,15¢,)=0,12.0,85 (1 + 0,15-18) =0,378;

a2 ~ | _
! ®, - the factor, whict considers the 2ffect c¢f a number of ccurses

|

? cf water in the capacitc:/ccndeneer,

z-2 —2/
(14 %) =1+"F \1+-3—5)=-| |

’ ®, - the factor, which ccnsiders the effect cf stean load on

' capacitor/condanser ¢, =] for the pominal steam lcad.
o’ Page 87,
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12, Necessary ccolicy surface of condenser

"m— 9. =22,9 ME

de accept F=23,1 =2,

13, Quantity cocling ot tutes in cagacitcr/condenser
= "3dlny 2825-0014%.16-10 ’

n

vhers 7=1.0't/m3_- specific gravity/veight cf cceling water.

14, Effective length of tukes (distance Letween tube plates)

F 231
i . 3.14-0,016-340

l=

= 1,35 «.

15. Space of laying cut ¢f tukes on triargle
. ta=dy 4 10==16+ 10=26 sx.

16, Solidity/loading factor cf pipe panel (from conditicns of
positioning/arranging c¢f tuoes and partitions/baffles in cover/cap

for 4wo ducts of water)

1 T =0,73.

j! 17. Diameter of sccket/seat of tubes (inmer diameter of housing)

- I.l-:n 1,1-340
D, =t 1/? =002}/ 1130 _ o509 4.
18. Quantity of air, driven out froms capacitor/condenssr

. 0.=1,5(-G§-°*‘;o&;1.3s)=1,5(’—7°°2—3;6'i°+1,36)=5.25 kg/h.

§ 13. Calculation of deaerator.

e e e
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Initial data for the calcuyiatica.
Productivity on the deaerated water D=70 n/h.
Pressure in deaeratcr p,=1,2 atm
. Pressure of that teating c¢f steam p;=1.8 atm

Temperature of that neating cf steasz t,=18009C.

Temperature of the sixture of water, which enters the deaeratcr,
which consists of 80c/c c¢f condepsate and 20cs0 of additional water,
t,=4009cC,

Oxygen content in deaerated water a, ~003 mg/1.

! Page 88,
Y We accept.

Coefficiant of the use cf a tcdy in deaerater v=0097.

Content of Jissolved oxyyeno in the condensate, taking into

account possitle rhodes ¢f air a,=10 mg/1l.
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We determine (on"ables 1-3 of applicaticns/agpendices).
Enthalpy of water 1in deaeratct q,=1044 kcal/ky.
Enthalpy of that heatiany or steam;,=676.1 kcal/kg.
Temperature of water in deaerator (,=1043°C.

Enthalpy of the mixture c¢f water, which enters the deaerator,

g»=40 kcal/kg.
The specific volume cf water in deaeratcr v=1.047 m3/t.
Coursa of computation,

1. Quantity of teating steam, required fcr hesting of water in

deaerator

G Dls—m) _, 70 (104.4 — 40)

A 676.1 — 40

=7,0 ./ho

2. Quantity of mixture cf watér, which erters deaerator
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DoC
W’:.=Q—G=70—7=63 a/n.
3. Quantity of additional water, which erters deaerator,
W, =02 W, =02.63=126 G/i.
4. Quan*tity cf cordensate, which enters deaeratcr
W= V’c.% W, =63 — 126 =50,4 a/a.

5. Content of dissclvsd oxygea in additicnal water at 4C°C and

rressure 760 am Hg (cn curve for oxygen, Pig. 33)
a1=6,5 mg/la

6. Content of dissclved oxygen in displace water, which enters

deaerator,
Wy + a, W 1,0- 50, .
Byep = L] IW::I A __ 0 504;;6.5 12,6 =21 lg/l-

7. Content of dissclved gases of air in additional water at u40°C

and pressura 760 mm Hg (cn curve for air, Fig. 33)

a, =172ng/1.
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8. Content of Aissclved gases of air in condensate

oosin 210

' a, 65 = 265m89/1.

Page 89,

q. content of dissclved gases of air in the mixture of water, which

enters the deaarator,

aW, +ao.W 2,65.50,4 + 17.2-12.6
f= = = 58Tag/1.

10. Quantity of dissolved gases of air, introduced by water into

d2aerator,
G=(aW +a W, )10™"=(17,2-12,6+265-50,4)10"*=0.35 kg /h .

11. Ratio of equilitrium cxygen pressure in vapcr to partial

according to indicatiors tc fcrsula (105), k=13,

12, Constant of weight sclubility of oxygen in water at its
pressure above water py=76V ma g and beciling pcint of water, equal

to abou*t 100°9C (cn curve of Fiy. 34)
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=245 mg/1.

13. Partial oxygen fressure aoove surface of water in deaerator
(retaining by its equal at préssucre by py=76C mm Hy from condition cf
guarantering intensity ¢f aeasration)

— pﬂp — 1.033'0.03 = 3 a
Pr= Sy =—3ms — 0000422 atm

14, Partial pressure of gass cf air above surface of water in

deaerator

Prlrem __ 0,000422-5.57 _ 0.00112 ‘atm

- 92
Gxcu 21

pe=
15. Partial pressure c¢i steam in deaeratcr

Pn=p—p=12—000112=1,199 atm

16. Quantity of vagcr (steam-gas mixturs), driven out frca

deaerator,

‘ — Y =/ 1,199 .
t Gou =0, (14062222 ) = 0,35 (1 + 0622 G ) = 234K g /b

17. Total expenditura cf steam for deaaeratcr

| Gy=(G+ Go)y = (7.0 + 0.B34) 53 > 7.5 #/h.

*

18, Necessary vclume of deaerated water in dsaétating tank

L~

Ve Dv__ 101047

= = —_— 3
15+ 20 183 4 a0,
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§ 14, Calculation of the prebeater of water.,

Initial data for the calculaticn,
Productivity of heater D=£% of m/h.
Temperature of water upcn the entrance irtc preheater t,;=40°C.

Temperature of water or leaving fros preheater t,=110°C,

Prassure of feed vater p,=36 kg/ca2,
Vapor pressure of heatingPn=18 atm
Temperature of that neating of stear t3=2209°C.

We accept,

Coafficiant of utilizaticn of heat 7% =098

Tubes brass V-shaped wita a diameter of d,/d,=16/13 smx.
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7; Nunber of cours2s in the tubes of preheater z=6.
de datermine (on {ables 1-3 of applicaticnsy/agppendices).
Enthalpy of that heating cf steam i=695.Z kcal/kg.
Temperature of the saturation of heating cf stean 4==11@3o(1
‘ , Enthalpy of liquid when ¢, e&gual tc g=116.6 kcal/kg.

Heat capacity of feed water when 4;: egqual to c~~1 kcal/kg

oC.
Course of computation,
1. Quantity of heat, necessary for rreheating water,
Q=Dec(t,— t,)=55000-1(110 — 40) =385.10* xcal /h.
2. Expenditure of steam for preheating cf water

. ) 386106
G =5 = w00 — 6800 x3/48.

3. Mean temperature cf water in preheater

t,=05(t + t,) =0.5(40 + 110) = 75°C.
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4. On tablas 6 cf applicaticns/appendices when t, we deteramine:
1) specific gravitysweight cf water 7n=0.974 m/u?
2) the dynamic visccsity of water o =238,66-10"° Kkges/n2;

3) the speed of water 1D the tubes we preliminarily accegpt

Ug= '.7 m/Se.

S5) Number of tubes in cne course

_ b = 5 ~70
WAdjv,1,  2825-0013-1,7-0974

Page 90.

6. Reynolds numker for water

- Re = Uudele __ 1.7'0.01::974 = 56 800.
F.‘ 38,“‘ lo- '9,81 )

7. Heat-transfer ccefricient from wall t¢ watzr, which takes

place in %“ubes with turtuient mcticn,
a, = AV ;%% = 2548.1,53.2,385 — 9350 xcal/m2-h oc,

s vhere A=2048 tﬁble 10) éepending cn f; v =17"=153 (fable 11);

cp? »

d, % =0,013"=2385 (fatle 12).
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8, Mean temperature of condensable steam and water
e =05(f,+ 1,,) =0,5(116,3 4 75) = 95,7°C. -
9, Temperature ridinge-corps from the slde of steam

¢, =05(t,4 ;) =05(116,3 +95,7) = 106°C.

10. Coefficient of heat transfer frcm steam to stand pite

4 4/ TE952 = 1166
=~=A=]/ H(t,—tn) =2210 \/m

= 5260 m«m »3-4ac°C,

Kay: (1). kcal/m2-|,

whera A,=2210 (fable 13) dependiny ont, H=:18 # - medium altitude of

the V-shape of tube {(assumed tertatively);

11. Averag2,/mean lcgarithwic gifference in the temperatures of

vapcer and water inp the grabeater

tg-—ﬁ 10— 40 °
A= = mea—0 —B1°C.

-
' ”'gt —% 238 TE3—ii0

12. Coefficient of heat transfer frcm vaper to water

i
k= I, dg—dy . 1
Tt d, TTE +a,.()
1
T F0016 00— opis T = 3080 Kraa/u-uac”C,
30 0013 +o00 T 2w T3

Key: (1) . the kcal/mZh,

P e e e e e L
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where A=90 kcal/m- hour oC - ccefficient cf the thermal

o conductivity of brass wall cf tute.

Faga 92.

13, Coefficient of heat transiaer frem vagcr to water in

depending on speed and mean remperature c¢f water can be also
determined according tc curve or Fig. 39. Fcr trass tubes d,=16 ux ve
have

k-l’w.kﬂ=’102'3640=37w‘cal/n2 ‘L] OCQ

14, Necessary surface cf neating preheater

F=2 385. 104
= Atk = 28,1.3700

15. R=2al surface is accegted

= 37,1 xt

F‘=38 M.

16. Averagz2/mean lsngtn cf semi-V-shaped tute
F, 38
V=235 = srconeT0s =18 #.
I1f 1#H=1.8 m, then in the presence cf the swall disagreemeant one

should change £, but if disagreement is considerable, then shculd ke

the obtained value fcr 1 to substitute fcr apprcximate of that

accepted for H and proéduced repeated calculaticn, after beginning i+
(d

frcm determinaticn a2,
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. 17. Space of the lccation cf the tutes

t=d,+6=16+6=22 sn. . '5

18. Inner diameter c¢f nousiny (Erom conditions for location cf

bundles of Vv-shaped tules, divicea in ccvery/cag by

partitions/baffles, that ensure six courses cf water) is accepted

e A Tt A I =

D, =550 su.
£ 15, Calculation of steam cccler.
Initial data for tha calculaticne.

Th2 productivity cf steam cocler D=400C kg/h

temperature of steam upcn the entrance irto steam cooler

- t,=3200C. 1
Temperature is c¢f stsam on leaving their steam ccoler t,=220°C.

Pressure of steam p;=8 atm

Quantity of coolirc teed water G=50000 kg,/h.

Temperatur2 of water ugcn the entrance intc steam cooler

t2=125°C-
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Prassure of cooling water p,=56 atm
Page 93,
We accept.

Heat availability factcr ya(g7,

Tubes steel V-shaged witn a aiameter of '4-/d.=!7/l3;m..

Number of courses ¢t steam in tubes z,=2.

Number of courses c¢f water in the hcusing cf steam cocler z,=2,
We d=2termine (on‘fables 1-3 of applicaticnsyappendices).

Enthalpy of steanm upcn the entrance i,=740 kcal/kg.

Enthalpy of steam cp leaving i,=688.7 kcal/kg.

Course of coamputation.
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Y 1. Quantity of heat, transferred by water vapor,
Q=D (i, — i,) = 4000 (740 — 688,7) = 205000 kcal/h.
2. Mean temperature of ovatrheated steas
. ty=0,5(¢ + ¢.) =0,5(320 + 220) = 270" C.
3. On 'fablns 3 and Figy. 1-3 cf applicaticnss/aprendices when ¢
we determine:
1) specific heat cf steam ¢,=051 kcal/kg . °C3

2) specific gravitysveight ci steam 7a=3,22 kg/n3;

3) . the coafficient of thersal conductivity A, =0Q037kcal/m-hour

z o°cs’
4) dynamic viscosity is stead p,=1,93.10"° kges/n2,

! 4., Number of tutes in course (after accepting tentatively speed

of steam in them about 50 m/s) we accept n=%53,

5. Average speed of steam in tubes cf steam cocler

v, D 4000

= 25dlay, 2825001353 3.2
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6., Criterion of Reynclds fcr steanm.

Re = Sadela_ 49-0. 013-3.72 _ 108 500.
pf  1,93-107°.9.81
7. Prandtl number fcr stcas
3600- © 3600-1,93-10~5.9,81.0,51
. Pr= x:"" 0.037 0.942.
8., Heat-transfer ccefficicnt from superheated steam to wall with {
‘ Re>1e10¢ and Pr=0.7-25CC:
a.,==0023 Re“pr‘“ 0,0233:0% 108500°.0,942* =
—685'ca1/l2h 9¢C. l
Page 94.
9. Temperature cf cccliny water on leaving
-t 4+-2 205000
E { =t + G¢.=125+ 5000(,.|'Ol7z129°c.
' where ¢,=1,017 kcal/kg 9C - neat capacity cf watar with t=1279°C
[
" (fable 6 of applicationssappenadices).
* 10. Mean temperature cf cooling water
t, =05(t,+t,)——05(125+129)—127°C
17. On fable 5 of appl;catlcnS/appendlces whan ¢, we deteramine:
1) coefficient of therasal ccanductivity cf watar- 4, =0,59
t

\
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kcal/m-hour oC:
2) specific gravity,sweignt cf vater 7,=9373 kg/m3;
3) dynamic viscosity of water 1,=222.j0"¢% kges/m2.

12. Inner diameter ¢f tcusing of steam ccoler (from conditions
for lccaticn of beam of V-shaped tubes of that divided in cover/cag
with partition/baffl2, which ensurss two courses cf st2am in tubes)
e accept

D,=0,28 x.

13. Ar2a for passage of water in intertute space of steam cooler

0.785(D — 2 nzy) 0,785 (0,28% — 0,0172. 53.
f= < L\ 2 0,01875 ut,

14, They arz2 2quivalent heat-transﬁitting diameter of intertube

space

d,= 4f 4.0,01875

i = 5140017 53 — 0:0265 u.

15. Average speed tauds in steam cccler

G 50000 '
— - - a/S.
= 0.7 7. = W00 onTs T3 =079

16, Reynolds number for water .
Re — "”dq’{. —_ 0.79'0.0‘2&5’937.3
.=

== 90000.

wg  22,2.10-5.9,8i
17. Prandtl nuamaber fcr wvwater
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3600u,gca  3600-22,2-1075.9.81.1.017
Pr.= )“.,’ . o w - 1’35-

Page 95.

. 18. Heat-transfer ccartricient from wall tc water wvwith

longitudinal washing of ducts fcr #a>1e1(C* and Pr=0.7-2500:
R ' g n 0.8 0.4 0.59 0000 8 a, 3504 —
- a, ==0,023 ;:Re Pr- ---00230 055 90

5350 kcal/®m2b 9C.

19. Heat=transfer coefficlent from steam to water

R om

T 2y  dn—dy 1 =7 20,017 __0.017=0.03 1
‘ om @t dy A ay 685 001740,013 250 3%
530 kcal/m2h cf °C,
f
g ‘ where x=50 kcal/m- hcur 9C - thermal conductivity ¢f wall ¢f steel

tube.

20. Average/mean lcgacitamic difference in temperatures for

countercurrent
231;"'"’0 23tg3“’"' 5
ty— 1ty 20— 125
o 21. Necessary surface ¢f beating stsam cccler
205 000

Q oow 2
F=sx =t 20 %
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22. Real surface taking 1ntc account pclluticn/contamination

Fo=101F=1,07-2,8=30 a

23, Average/mean lenjth or semi~V-shaped tutes

A 3.0 B
= s = T o — 058

5§ 16, Calculation of the ccclant ci water.

Initial data for the calculaticnhe.
Quantity of the water-cccied Wy=24 n/h,
Prassure of the water-cccled Py=2 kg/ca2,

Temperatur=2 of the water-cccled upor the srtrance into ccolant

t‘ =859C,
Temperature of cocled water cr leaving frcm frcm cooler t,=75°C,
Quantity of th2 cccling (maripe) water W,=18 m/h,

Prassure of the cccliny (marine) water p,=3 kgscm2,

.

Temperature of the cocling (marine) water upon the entrance into

coclant t4=229°C,

I e

L= A vt R
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Page 96.
We accept.
Tubes German silver with a diameter of d, d,=10/8 sx.
Number of courses cf cacling water in tulkes z=1.
Course of computation.
1. Mean tempevature of water-cooled in cqclant .
€, =0,5(t + t,) =0.5(85 + 75) = 80°C. |
2. On‘13ble 6 cf agplicationssagpendices when g' ve determine:
1) heat capacity cf water c,',=1,907_-kcal/kg ocC;
2) spec?fic gravity,sweight cIi water y,;=971.8 kg/m3;

3} kinematic visccsity of water » =0366.10-6 82/s;

4) coefficient cf ttermal diffusivity cf water a;=5.9e107%
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5) coefficient of thermal conductivity cf water \;=0.58 kcal/a-

hour oC.
3. Quantity of heat, given ug *+o0 cocling water,

Q= W, (4, — t,) = 24000-1,007 (85 — 75) = 242000 kcal, h.

4. Temperature cf ccoling water on leaving

b=t Q . 000 0o
=+ Wy 2+ 18000.0, 54 36,4°C,
wvhere ¢ =094 kcal/kg OC - heat capacity of cccling (marine) water.

S. Mean temperature cf ccclingy vater
t,=-05(t, + ¢)=05(22 + 36,4) =29.7° C.
6. Average/mean lcgarithmic differerce ir temperatures fer
countercurrent
ad= =t —(ty—t) _ (85— 36.4y— (75— 1)

2.3lg"_—_‘0 23|g85-36.4 =318 C.
ti— 1ty ! 75— 22

7. Speed of cooling water in tubes we accept ;=08 a/s.

8. Number of cooling tutes

L4 T 19 =121,
2825s4%v,7,  2825.0,008°.0,8-1,025

where y,=1.025.t/®3 - specaitic gravity/vweight of cooling water.

n==

[T 2 e




DOC = 80040205 EaGe 23/

Page 97.

9. Reynolds numter for cccling water

v.dy __0.80,008

———— = 8000,
v, 0,810~

Re =

where %=08-10-% n2/s - kinematic viscosity cf cocling water when
£,=292°C (it is detervined acccrding to‘tatle 6 of

applications/appendicaes).
dith 2200<Re=8000<1C000 the mction is unstatle.

10. Prandtl number focr cccling water will ccaprise 1t

Pr o 600 _ 3500-0,8-10~°
% 53.10%

where a,=5.3¢10"¢ m2/h - coefficient of thermal diffusivity of water

=54,

when &, (it is determined according to Tatle 6 of

applications/appendices).,

FOOTNOTE t, For a more prsecis& calculaticn the value cf criteria Gr
and Pr, entering product GrPr3, it is necessary to determine thes at

temperature of boundary layer. ENCFOOTNOTE.

11. Grashof's critericn fcr ccoling water will ccmprise 2

ga3e  9,81.0,008%.3.10~ . 14.4
Gr=

==3,4-10¢%,

a (0,8-50"v) ¢
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where g=9.81 m/s? - accelaration cf gravity; £=3e¢107¢ 1,9C -
coefficient of axpansicn of water wshen ﬂ, (it is determined
according to"%ble 6 cr appenaices); 6t=t,-%3=36.4-22=14,4°0C -

diffarance in temperatures of ccoling water.
FPOCTNOTE 2, Then. ENDFCCINOIE.
Product of the criteria
GiPr? =3,4.10°-5,4% = 5,32-10¢%.
12. On qraph/curve Fig. 44 in depending cn CrPr3® and Pr with

R2=8000 feor transiant mcdesconditions we determine Nu=56.

13. HR2at-transfer ccerficient from wall tc cooling water

= 3710kcal/m2h oc,

wher2 A,=0.53 - coefficient of thermal ccnductivity of cooling water

when ¢ =29,2°C.
14, Spac2 of locaticn of cocling tutes
t=1,35d, = 1,35:10 = 13,5 a.

Page 98,

15, Inner diameter c¢f hcusing of coolant frcm conditions for
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location of beam of tubes is taken D.=0,17 x.

16. Speed of water-cccled in intertubke space with longitudinal

washing of beam of tubes

v, % =052
O s (D —din) 1, BBO.IP—00lznogs oo /Se

17. Equivalent heat-transmitting diameter of intertube space

4= Di=qin 017001
. d.n = 0.01-121 =0,014 M,
18. Reynolds number for water-cooled

4y 0.52-0.04
Rey==03= 0,366-10~° =‘9900'.

19. Prandtl nuater for water-cooled

3600w - 3500.0,7366.10~8
Pr, = ) =W—=2.23.
29. Heat-transfer ccefficient from water-cocled %o wall with

turbulent flow for lcngitudinal washing cf team c¢f ducts
a,=0,023 2L Re™'Pr**= 0,023 238 19900°*. 2,234 =
[ ,014 ’
3600 kcal/n2h oC.

21, Coefficient of hecat transfer frcm swater-cocled to that

cccling
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1
i T e
'll 2A Gg d-+d- ﬁ) )
R — 3. °
"'__l__+o.01—0.'08+ 1 SRIRTI] = 1620 xxaa/s*-4ac °C,
300 T T 225 3710 ° 0,01 + 0,008

Key: (). kcal/m2 -h,
whera A=25 kcal/m=- hcur 9C ~ ccefficient of the thermal

conductivity of German silver tuke.

22. Coefficient, wbicn consiaders polluticn/contamination of

tubes, is accepted #=0.8.

23. Calculated coefficient of heat transfer from one water tc

the nex*

R o=ghy==08-1620=1300 xcaismz -} °cC,

Page 99.

24, Necessary ccoling surface of coclant

Q 242 000
F-mss————l.a.'w=3'6 M3,

25. Effective lencthk cf tukes (or distance ftetween tube flates)

o F 36
g ®da = 3,140,001 120 =095 .
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We accept 1=1.0 n.

§ 17. Calculation of fuel neater,

Initial data for the calculatacr,

Productivity of prebeater D=5 m/h,

Tamperrature of petroleum residue upcn the entrance in preheater

t,=150C,

Temperature of peticleum reésidue on leaving frcm preheater

tz=95°c'

Brand of the petrcleum residue; the sailcr M20.

Pressure of that fteating cf steam P=29 atm
We accept.

Heat availability tactor n=0,98.

Tubes of s%teel V-shaped with a diameter cf d/d,==17/13 uu.
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Thickness of flat,/plane retarders , estaklished/installed in the

straight/direct part of the tutes, 6=1,0 ne,

Number of courses cf petroleusm residue in the tubes of preheater

z=6.

We dstermine (on'thbles 1-3 of applicaticns/appendices).

Temperature of heating steas ¢,=230.9°C.

Enthalpy of heating steam i{,=6695 kcal/kg.

Enthalpy of the condensate cf that heatirng of steam ¢=237.5

kcal/kg.
Course of compntation.

1. Mean temperature oi petroleum raesidue in preheater
£y =05 (¢, + £;) = 0,5 (15 + 95) =55°C.
2, efficient weight of petroleum residue M20 with t, on

graph/curve Fig. 13 '
Tis=0,947 m/s?.

3. Averaga/mean heat capacity of petroleum residue with ¢,
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¢, == (0,403 +0,00081£,,) —— = (0,403 + 0 +55) b
; » ) == ( A + 0,00081 -55) i
0,46lkcal/kg oC. '

. Fage 100.

4. Quantity of heat, necessary for preheating petroleum residue,

Q= Dc, (¢, — t,) ==5000-0,461 (95 — 15) = 1,85. 10 kcal/ kg.

5. Expenditure of heatiny cf steam for preheater :

‘ ™ o — ll”‘"’
G = 9n— (68.5—237.50.08 =47 kg/h.

y
6. Average/mean lccarithmic differemce in temperatures f

2 ! ‘At,pss L=t 95— 15 h

' 2.31g 2=l 31g 20915 = 174°C. :
S , v g‘“_r’ 2, g——-—m'g-gs_ |

7. Number of tubes in cpe ccurse (on preliminarily taken speed

i | of petroleum residue 0.§& a/s) ©=15.

8. Area for passage of petroleum residvue in tutes with fpresence

of retarders

. f= (0,78542 — ) 7t o
= (0,785-0,013* — 0,001 +0,013) 15 = 0,0018 &2,
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9. Specific weight cf petrcleum residue when to» we determine on

graph/curve Fig. 13 cr according tc formula
Tep™= T — 0,000567 (t" —-20)= .
=0,941 — 0,000567 (55 — 20) == 0,922 m/u®,

vhere T”f=034lnﬂa' - specific gravatysweight cf petroleum residue

with +£=2009°cC,

10. Speed of patroleum residue, which takes place in tutes,

D s i

v D ——a—— L ]
= 3o00f 7, = J500-0,0018.0. 553 — 0,83 8/%

11. Coefficient of heat transzier frcm vapcr to admiralty fuel
0il M12 in depending on his sgeed and mean tewperature, in reference

to external surface cf tupes, we determine cn graph/curve Fig, 41

| ky=175 kcal/m2-) oc,

12, Correction factcr, which calculates trand of petroleunm

residue M20 on the basis of data tc formula (129), ¢ =093’

13, Correcticn factcr, which calculates csesaprplication c¢f

retarders on the basis cf graphscurve Fig. 42 ¢ =142

14, Calculated coefticient ¢f heat transfer from vapor tc¢
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retroleum residus M20

R==eek,=093.1,42-1,75=232 xcal/m2~-h ©°cC.

Page 101.

15. Necessary surface c¢cf heating preheatsr, raferred to outside

diama*er of tubes

Q 1,85-108
7F=m= a3 = 4,57 M3,

16. Actual heating surface taking into account possible
pollution/contaminatior
Fyw1,1-F=1,1.4,57=5,0 M3,

17. Average,/m2an length ¢r sesi-V-shaped tube

Lo _ S5 _
oz 31400715 = 103 &

I~
18. Space of locaticn cf fpifpes.
t=d,+6;17+6=23 i,
19. Inner diameter ¢f housing (from conditicns fer location of
teams of V-shaped tubtes, dividea in cover/cap by partiticas/taffles,

ensuring 6 courses of petroleus residue) is accepted 0,=1283

§ 18. Calculation of the greheater of oil.

Initial data for the calculaticn.
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Productivity of prebeater D=2000 kg/h.

Temperature of oil upon the entrance intc greheater t,=15°C.

Temperature of cil ¢n leaviny frcm freheater t,=70°C.

Brand of oil: turbipne Ul.

Vapor pressure of Leating p,=29 atm

We accept.

Heat availability factor 5=0098.

1 tube copper V-shaped witia a diameter of d,/d,=10/8 s,

Number of courses c¢f oil in the tubes cf preheater z=4.

Let us determine (on“%hles 1-3 of applicaticnssappendices).

Temperature of heatiny of steam %=230,9°C.

Enthalpy of that heating of steam i=6639.S5 kcal/kg.

e,
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Enthalpy of the ccndensate of heating c¢f steam when p,, equal tc

g=237.5 kcal/kg.

: Course of computation.
L
} 1. Mean *+amperature of cil in heater,
| _ b =05 (f; + ;) =0,5(15 + 70) = 42.5° C.
? Fage 102.

2. Specific gravitysweight ¢z cil UOT with t, on graph/curve Fig.

13
115 ="0,902 m/s.
3, Average/mean heat cafpacity of oil witkh
. 1 ) 1
€y = (0,403 +0,000814,) === (0,403 +o,oooaxp.42.5) VX i
; 0,428 kcal/kg oC.
|
' 4. Quantity of heat, necessary for teatirg cf cil,
‘ Q= Dc, (t, — ¢,) = 2000-0,428 (70 — 15) = 47 200 kq /h.
s 5. Expenditure of bkeating cf steam for preheater

G Q 47200

= T—an = ®e9.5—7.50,9 — 112 ki/h.
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6. Averaga/mean logaratnmic aifferepce ir temperatures

_ h—t 70 -15 _
At = = 095 — 187°C.

t
28, =7, 23825570

ty —
th— 1t
7. Number of tutes in cpe ccurse (on preliminarily taken speed

of cil 1.5 m s) we accegt n=4d.

3. Area for passage ot cil 1in tubes
f=0,785d%r =0,785-0,0087-8 =0,000402 ..
9. Specific gravity/veight of oil when fp 1is detérnined on
graph/curve Fig. 13 ]
Tep = 0,886 m /a3,

10. Speed of oil, which takes place in tutes,

D

U= S, = T30 0001020586 — 119 B/ <.

11, Coefficient of heat transfer frcm vapcr to oil in depending
on its speed and mean temzperature, in reference to external surface

cf tubes, is determiped ca yraphscurve Fig, 42

k=263 kcals/mz-h OcC.

12. Necessary surface ct heating preheater, in reference to
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cutside diameter of tutes,

Q _ 400
F=gr= 57263 — 0,96 .

- pPage 1013.

13. Actual surface cf neating preheater taking into account

rossibla peclluticn/centaminaticn

Fy=1,04-F=1,04-0,96=1,0 .

14, Average/mean lengtn cf saai-V-shaped tute

(=T 10

- R-d nZ =3-“-°.0l—-8-4% 1,0 4.

15. Space of locaticn of tubes

t= 1,3d,= 1'3'x0= 13 MM
16. Inner diameter ¢f housing (from conditions fecr location of
beams of V-shaped tubes, divided in cover/cap ty partitions/fkaffles,

snsuring four coursess of o1l) we accept D,=100 s

§ 19, Calculation of o0il cccler.

Initial data for the calculaticn.

Productivity of o0il ccoler L[=16 m/h.
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.

Temperature of 0il upcn the entrance intc cil ccoler t,=55°C.

Temperature of cil cn leaviny from cil ccecler t,=37°C.

Brand of oil: Turtine T

0il pressure in the cil ccclexr p;=3 kg/ca?,

Quantity of that cccling water (marine) G6=50 wm/h.

Temperature of cocling water upon entrance t3=159C,
Prassure of coolirg water p,=2 kg/cn2.
We accept.

Tubes German silver of straigbt lines with a diameter of

d,d,=10/8 suxu.

Number of courses ¢f cccling sater in tuktes 2z=2.

Intertube space is divided by segmental partitions/baffles.

.“

Heat capacity of cccling (zarine) water ¢,=0.94 kcal/kg 9C.

~ I
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{A Th2 specific gravity/w2ight ot cooling (marins) vater
F 1o =1,025m[4.

t Coursa of computation.

1. Mean temperature ¢f c¢cil it cil ccoler
£, =0,5(8 + £,) = 0,5(55 + 37) = 46° C.

- 2., Specific gravityseeiynt cf oil when 4; cn graph/curve Fig,

13 Ta=879 kg/m2.

Page 104,

3. Average/mean heat capacity of oil with £

‘ ¢, = (0,403 + 0,00081 £,) 71_;; = (0,403 + 0,00081.-46) ’,—"ﬁ -

0,462 kcal/kg °C,

vhere 7,4=0.9 t/m3 - specific gravity/weight c¢£f cil with £=15°C on

graph/curve Pig. 13.

S 4. Quantity of heat, gyiven up by oil to water, E
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- Q= Dc, (f, — t;) = 16000-0,462(55—37) = 132000 kcal h.

5. Temperatur2 of ccoling water on leaving from cil cooler
' 132000 2
t"t'+—08—. =15+m=l7,8 C.
6. Mean temperature ot ccoling wat=ar
t,=05(,+ ¢)=0,5(15+17,8)=16,4°C.

7. Average/mean lcgarithaic difference ir teaperatures tetween

oil and vater acccrding tc fcrmula (36) fcr crosscurrent

A= =28°C.

mlm-m_%) (55—17.8) — (37—16.4)
h—t =

=178
3ig =2 231
23—, 318 37 164

8. Speed of cooling water in tubes w2 prelisinarily accept

v, =07 n/s.

9. Number of cocling tukes in oil ccoler in preliminary

, determination.
| ’ G‘ 50-2
= ] = o=
2325d3vl,  2825-0,0082-0,7-1,025

=771,

10. Space of locaticn cf tubss on triangle
tom1,35d, =1,35-10=13,5 ux.
11. Inner diameter ¢f housing kfron conditicns fcr location of
bzam of *ubes, divided ip ccver,/cap by partiticn/kaffle, which

ansuras two courses of water in tukes) we accept D=435 aw.

12, ¥umber of ceooliny tuces, placed in cil ccoler, n=778,
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13. Speed of coocling water an tubes

Gz 50.2 . B
2825"3"‘ = 2825.0,0083.778-1,025 —0.593 B/s.

Ty ==

14, Kinematic visccsity c¢f water with ts ch'able 6 of

appendices
%=1,11.10"¢ m2/s,

1S, Criterion of Keynclds fcr water

Re =L'd' - _b’m'o'm —
- L11.10—¢ 5000.

7ith 2200<R2=5000<1C000 the action is unstable.

16. Prandtl number for water will ccmprise 1

Proam 200:% _ 3600-1,11-10-
“ 50310~

=7,93,
wh '“

wvhere @,=503.10~* ®m2/h < coefricient of thersal diffusivity cf wateru

‘:.-:15-4°C.date:nined in fable 6 of applicaticms/appendices.
A

s FOOTNOTE !. See footnote to § 16. ENDFOCTNOTE.
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17.
é;ashof's criterion for toe water <2

gde  9.81.0,0083.1,14.1074.2,8
=

v (L11-10-%

Gr

= 1330,

where 8=1.14e¢10° ¢ 1/9C -rcoefilcient of the expansicn of water in
Table 6 cf aprlicationssagpendices when ﬁ;-46A°C; g=9. % ass?2 -
acceleration of gravity ét=t ~t3=17.8-15=2.89C - difference in the

temperatures cf water.
FOOTNOTE 2, Then, ENDFCCINGIE.

18. Product of criteria
GrPr? == 1330-7,93% = 6,65- 10%.

19. On graph/curve Fig. 44 in depending on GrPr3 and Pr with

Re=5000 for transia2nt wmcdesccnditicns we determine Nu=38.5.

% 20. Heat-transfer ccatficient from wall to water

Nul, - .
%=%=mﬁ'&w=2440 kcal/m2 « | o°C,

vhere 13..0567 kcal/m- hcur 9C ~ thersal ccnductivity of water when

on tables 6 of arplications/appendices.
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Page 106.

21, FProm conditions cf laying out of tubes and location of

gartitions/bafflas in hcusang ¢t cal cooler we accegt:

n,=12 - number of gapssintervals (sections) Letween

partitiors/baffles;

h=0.094 m - distance between partitions/taffles;

n=18 - number of series/rcws ci tuges, arrangedslocated bhetween

shear/sactions of partiticnsstattles;

m3=492 - number of clearances Letueen tubes ir series/rovs,

streamlined with cross flcw;

¥0=0.0153 m - average distance Letween hcusing and wing tubes;

#=116°% - central angle c¢f segmert, formed by groove in

partition/baffle;
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Rs=126 - number of tubes, arrangedslocated in segmental groove of

partition/baffl=

22, Clearance between tutes

Y=t —d,=135—10=3,5 uu=0,0035 .

23. Average/mean area c¢f section for passage of oil batueen

partitions/baffles

fo=(290+ 32 ) h=(2-0,0153 + 575 0,0035) 0,094 =

=0,0164 »?,

24, Sectional area for passage of oil akcve partitions/taffles

D} xd]
fim5 (Jp—sine)—Jm=
0, -3 .
= 22 (32 —sin116) — 24000 195 0,0164 .

25. Average speed cf cil Letween partiticnssbaffles and above
them, since f =f,, -
o =—20 _ 16

®
"= Fo00- T 3600-00161.0579 — 0:307 “/""‘
Key: (1) . m/s.

26. Average speed cf cil ip cil cooler with transverse segmental

partitions/baffles

0 = Loy + (N— I)Av.= 1,04-0307 + (11 — 1)2,32.0,07
? L+(N=—1)A 104 + (11 = 1) g,52

Q)
=0,308 x/cex.
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Key: (1) . a/s.
Page 107.

Here L=1.04 m - distance Ltetween the inlets and oil outlet;
N=11 - number of partiticns/katrfies;

f - area of the segment abcve the partition/baffle:

, sl 3140,
S fit B = 00164 + 252% 06 0 0965

wher2 S - a chord length;
v e

S == D, sin - =0,435-sin - = 0,269 «.
27. Heat-transfer ccefficiert frcm cil tc wall of tube
Ve ’
e, =550 ‘_ﬁ(l +0,0061q)=
K @
== 550 V mufl(l + 0,006-46) == 208 xxas x'-gac°C.

Ray: (1). the kcal/az2h 9C.

28. Coefficient of thermal ccnductivity cf German silver tubes

(on tables 38) A=25 kcal/a- ncur °C.

29, Coefficient of heat transfer frcm cil tc ccoling water

‘
i
?
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1
B T L
i ¢—.-+ b1y + Gy ’ dl‘*'dl

; @
= 188 xxaa/u? vac°C.

g =T o0t—n08 _ 1T __Z.0ul
" e+t 235t a0 Go1 + 008
L Key: (1). the kcal/m2h °C.

30. Necessary ccoliny surface of o0il cccler
1 0 _ 132000

31. Distance between tube flates or effective length of tubes

l=nk + N3=12.0,09¢ + 11.0,003 = L163 ,

where with 6=0.003 m - thickress cf partiticns/baffles.

LR S e i

32. Complete cocling surface cf cil cccler

Fr=xd/n=314.001.1,163-778 = 286 .

page 103, I
| §20. Calcula*ion of air freneater.
JInitial da*ta for the calculaticn.

L Productivity of prebeater at temperature t=15°C: Gs =5000 m3/h.

Temperature of the air, wnich enters the preheater, t,=-259C.
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Temperature of the air, wnich emerges frcam the preheater,

t,=+150°C,
Vapor pressure of teating pPa =5 atm(abs.).
We accept,
Heat availability faczer  7n: =0.98.
Tubes brass of diasetars ¢jds =10/8 mm.
Number of courses in tubses z=1,
Space of tubes in tba widath oi beam s$;=1% nma.
Space of tukes in the depth of bean s,=1Z2.5 mn.
Wa datermine (on'f%ble 1-3 c¢f applicaticnss/agpendices).
Temperature of heating stsan g =151, 19°C,
Heat of vaporizaticnm r=5U4.z xcal/kg.

Course of computation.
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1. Mean temperature of air
( lp=05( + ;)=10,5(—25+ 15)=—5°C.

2. On'fable 5 of applications/appendices when fo» we determine:

1) kinematic visccsity of air v =12.9¢1076 p/s;

2) coefficient of thkermal conductivity A=2,02010"2 kcal/m hoC:

3) heat capacity cf the air ¢ =0.2z41 kcal/kg of °C;

4) specific gravitysweigiht cf air 1° =1.280 kg m3;

5) specific gravity/weignt of air with t=159C: Ts =1.185 kg/m3.

3. Weight quantity ¢f air, passing thrcugh heater.

» ')
., G, = Gy, =5000- 1,185 = 5930 xz/vac.
E Key: (1) . kg/h.

b, Volume of air with
' . G, 5 )
G.==1F==1§E;==4&i)xﬂ!aa

, ; Keys:s (V). n3/h,
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S. Quantity of heat, required for heatinc of air,

Q =G, (ty — t,) =5930.0,241 (15 + 25) = 57 200 m%lb/«ac.
of Key: (1). kcal/h.

Page 1093,

6. Expenditure rpair for preheating c¢f air

$7200 o)
G.=%ﬂm =116 K2/uac.

Key: (1) . kg/h.
7. Temperature head between vapor and air
A¢=t, — ey =151,1 + 5=156,1°C.
8. We preliminarily accept following structural/design
sizes/dimensions of preaneater, teing guided bty fulfilled draft:
number of serias/rcws of tukes in depth cf team:
with even quantity c¢f tutes ... m,=3

with odd quantity cf tubeés ... mp=2

number of tubes ir even series/rov ... n,;=30

number of tubes in cdd series/rovw ... ny=2¢
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Distance between tuke plates ...'1=0.68 o
distance from wall c¢f housing to wing tute ... - 6=0,003 m.

9. Dimensions of secticn of hcusing for passage of air in width

cf btean
bwm(n, — s 4+dy+28=(30-—- 1)0,015 + 0,01 +-
+ 2.0,003=0,45 4.

10. Clear area for passage of air
-t Bmtmyy Y, —3:30+229 -
f=(o— 2ot la) 1= (045— 23220 g01) 0,68 =
' = 0,1049 i,

11, Average/mean air speed ia preheater

G, 4650 @
0 &"’ = Ssouiviy = 123 #/cex.

Key: (). n/s.

12. Reynolds number for air

Re.— ody __ 123-00

" EEIEF?"9531

Page 110,

13. Heat-transfer ccefficient from wall tc air fcr transverse
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flow around tubes of stacgered arrangement will ke determined

according to to formula

N NP 202.10? @
l cs z Re == 1.]5‘0;223 o'u‘o‘— 95500..= 127 KKM/""‘GC OC'

ty Key: (1. kcaly/m2h ©°C.

wher2 ¢ - a coefficient (cn Taole 9) when dL:=-—==15;
= S i) .
c=1+0,1 a, =1 +015 =115
8- - coefficient in Yatle 9 as averagesmean fcr five series:

__ A+ A% +3" 015+ 020 + 3-0,255
= 5 = T = (,223;

n=0.6 - an exponent on‘fable 9.

14, Coefficient of heat transier frcm vapcr to air
()]
Ra=127 xxaaﬁuhzac°c.

Key: (1) . kcaly/m2h ©°C,

15. Necessary surface of heating preheater
F=3%=%¥2—7z 3,0 4.
16. Accepted surfece according to rreliminary sizes/dizensions
' Fo=(mn, + m,n,)=d,{=(30-3 + 29-2)3,14-0,01.0,68=3,16 ",
In the case of disacreesant 1t is mcre than to -S5-+10o/c betuween

the naec2ssary surface and surtace, accepted according to preliminary

sizes/dimensions, shculd oe chanyged the sizes/dimensicns accepted and

again produced calculatica.
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During the settinc ug c¢cf air greheaters in the sgpecial

compartments from whick the faps supply air irtc the operating

locations, the heat availability factor is accepted M =1.0.

§21. calculation of the coolant or air.

Initial data for the calculaticno.

Productivity of ccclant at temperaturs t=159C, Gs =3000 m3/h.

Temperature of the air, wnicn enters the ccclant, t,=279C,

Temperature of the air, whnich emerges frcm coolant t,=189C,

Temperature of the Ltrine, which enters in ccclant, t3=7.59C.

Temperature of the trine, wahich emarges frcm the coolant,

t,=10.50°C.

We accept,

Tubes brass with a diameter of d,)d,=16/14 xu.
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Number of courses ¢f trire in tubes z=cz,

Spaca of tubes in tte widta of beam sy=zZz awm.

Space of tubes in th2 aeptn cf beam s,=2C mp.

Heat capacity of trine ¢, =0.93 kcal/kg oc,

-
]

Tha specific gravitysweignt cf brine ‘' =1,025 »/m3.

Page 111,
Course of computation.
1. Mean tamperature of airc
t,=05(t + ¢,)=05(27 + 18)=22,5°C.
2. 0n'€;ble S of layings wnea f, ve determine:

1) h=2at capacity ci the air ¢, =0.242 kcal/kgoC;

2) coefficient of thermsal conductivity A=2.18¢1072 kcal/meh9C;
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3) kinematic visccsity v =15.93e¢107¢ p2/s,

4) specific gravitysweighe T =1,155 kg n3;

5) specific gravity/weight with t=1S°C, equal to 71, =1.185

kg/m3.

3. Weight quantity cf air, passing thrcugh ccolant,

@)
G, = G,1,s =3000- 1,185 = 3560 Kz[4ac.
K2y: (1) . kg/h.

4. Volume of air with £,

.

. G, 30 )
Gls-'[_.=l,l—50=3080 x‘,'tac.

Key: (M. m3/h,

S. Quantity of heat, atstractved/remcved Ly brine,
’ ()
Q=0c, (¢, —t,) =3560-0,242 (27 — 18) =T7800 xxaa/«ac.
Kay: (1). kcal/h,

6. Mean temperature c¢f krine
t:’=0.5 (t. +1,)=05 75+ 10,5)=9°C.

N 7. Quanti*y of trine, reguired for coocling cf air,

W= 7800 - (1
’ ity — 1) 0,93(10,5—7,5 2800 x2/«ac.

K2y: (1) . kg/h.

T el i Sl e P e et
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8, We preliminarily accept following structural/design

sizes/dimensions cf coclant, ceing guided by fulfilled draft:

; number of series/rcws ¢f tubes in depth cf beam ... m=16,

Number of tubes ir ths wiath cf bears ... D=18,
Distance betweenr the tubse plates ... Q=0.485 n.

Distance from the wall of hcusing tc farthest tube with 6=0,009

9. Size/dimension cf secticn c¢f housing for passage of air in
width of beanm
\. b—(n—l)s,+d.+28=(18—1)0.022 + 0,016 4 2-0,009 =

10. Clear area for passaye cf air ‘i

f=(b—nd,) L= (0,408 — 18.0,016) 0,485 = 0,0582 u*.
Page 112.

11. Average/mean air spe€d in coolant

[

G, 3080 )
Vg = m‘—" m = 14,6 KICCK.
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Key: (1) . m/s.

according to to formula

by Key: (1).

¢ - coefficient in'facla

Re=

v

kcal/m2h 9C.

whzre coefficiant c in'{;nle

9 as average for 16 series/rows:

EAGE 3‘44

12. Reynolds number for air
oy _

14,6-0,016

15,93.10~%

==123 gzc‘aalu’-uac °C,

=14700.

| 13. Heat-transfer ccaziicient from wall tc air for transverse

flcw around tubes of stagjered arrangement will te detarmined

A 2,18-10"7 X
a, == c 7 Re* = 1,1375.0,245 Z55— 14700 =

9 wnen S-=-3 =1375:

— 0,15 + 0,20 4+ 14.0,255

Wpsz

l n=0.6 - index of degree c¢n Tacle 9.

16. Rate of brine inm tutas

2,8-2

c=1+01 3L =1+0,157=1,1375;

=0,245;

14, Mean “emperature of wall ¢f tube
t,=05 (t:’ + t;'p) 0,5(22,5 + 9) = 15,75°C.

15, Temperature of tcundary layer from the side cf brine
t,=05(t,+ 1) =05(1575+9)=12,3°C.

%

- - =
2825d] y,am  2825.0,0142.1,025.18.16

o
=0,0342 «cex.

Y P
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17. Reynolds nuwmber .£¢r trinae

vpde _0.0U2.0.014 _
Re = w  1,23-10° 390.

whera v, =123.10"" at fp, =12.39C (co Table 6 ctf

applicaticns/apoendices).
Page 113,

18. Prandtl numkter for brine

Pr s 200:% _ 3600 1,23- 10~¢
a 5,15-10~*

where a=5.15»107% m2/h - coefficient of thermal diffusivity cf brine

=86,
when Io» (onTable & appendices).

19, Grashof's critericn f£cr Ltrine

gdint  9,81.0,014%.1,16-107 .3
G[= 3 =

5 10 -5
> (1.23-107°y

= 6250,

' where B=+1.160107% 1/°9C ~ coefficient of extansion of water when {,

(on{able 6 of applicationss/agpfendices); jfemt, —* =105—7,5=3C =

difforence ir t2mperatures cf rrine.

20, product GrPr=6250e8,0=5,35010¢,

21. Heat-transfer ccefficient from wall tc brine for laminar

ey
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flcw cf brine in tubes
a’-o'?‘ ;ERe.o.z (Grpr)o_lpr0.2= 0.7400.‘% 390".2'& m“.‘ ’8.60.2 -
G
- =397 nxgz)z/u*-qac"c,

Key: (1) . the kcal/m2-hoC.

'

whera A

=0.5 a kcal/e-bhour 9C - thermal ccnductivity of brine when

teo ~according to the data cf Tatle b applicaticns/appendices.

22. Ratio of langth of tukbés to diameter

I 0.485
de G014 34.6.

23, Correcting coefficieant s onfable 6: - =1.036.

24, Heat-:ransfer ccefficient from wall to trine with

consideration correcticn factor

, =ta, = 1,036-397 =412 mg//z/x’-«ac °C.
|
Rey: (1) . kcal/m2-hoC, ;

25. Coefficient of thersal ccrductivity cf brass tubes A=90

kcal/m-hoC.

26. Coefficient of heat transfer frem air tc brine b
: .

2 k=

- . . _l_ + d' .—' d. + _"_ 2‘. ==
a, 2 a, d,+d, ‘,
{ — (I) 2 o, 1 ;
- o0 = 93 Kxa.t/xt-uac°C.

b, 0,016 —0,004

1
Yt 3w — tizoois o0
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Key: (1). kcaly/a2-hoC,
Page 114,
27. Averages/mean lcgarithmsic difference ir temperatures for

crosscurrent of air and trine

(ty — 1) —(ta— 1) Hm —10,5)—(18—9) _ 12,35°C.

At-
' — 1ty 7T —10,5
3 lg ——————
23k 2R

28. Necessary ccoling surfacs

: Q 7800
F=m=m=5,85.¢'.

29. Actual cooling surface according tc freliminarily taken
sizes/dimensions
Fo=rd Imn =3,14.0,016-0,485-16-18 = 7,0 «*
In the case? of cocling external atmespheric air in the
calculation of coolant should be ccnsidered the mcisture content of
air, and alsc the permissiole (prescribed/assigned) mcisture content

cf +the coolad air.

In this cas? with the execution of calculaticn is applied I-d

ey
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! the diagram of humid air 1t.

FOOTNOTE 1. A. V. Nesterenkc, usesapplicaticn 1-d diagram in the

calculaticns of ventilation, Strcyizdat, 1950. ENDFCOTNOTE. i

|
i
'E
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ﬁ Page 115, 4
Chapter III.

i Calculations of resistancsse.

§22. Losses of head in the afpparatuses.

Losses of head in the appartatuses depend ¢n the presence of
resistances which must cverccse tne moving/driving mass of liquid c¢n

its path.

Thase resistances are of two xinds: a) the frictional resistance
of liquid against the walls, which depends cr the physical properties
cf liquid, its rate, frcm the guality of surface and sizes/dimensicns
of the duct; b) local resistances, which appear as a result cf
changing the directicn c¢f mcticr, and also as a result of a change in

the gecmetric fcrm of fluid flow.

With the courss of liyuids distingquish character their mctions.

In the rectilinear directicn tke mcticns and during the sufficiently

coze of the liquid of its particle move rectilinearly and in rparallel

to each other. This moticn is called flowing, or laminar.
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At high rates, even in the case of rectilinear direction, flow,
singlas particles th2 liguids mcve aisorderly, cver thke curved lines
and in different directicans, mcrecver the particle path they

corstantly change. This gotica is called vortexseddy, or turtulent.

Tha diagram of laminar and turbulent fluid flows, which shows

the distribution of rates according tc the diameter of

- conduit/manifold, is rerrescnted in Fig. 55.

\
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Fig, 55. Diagram of the lamipacz and turbulent mction ¢f liquid in the

duct.

Key: (1). Turbulent moticn. (<). Viscous moticn. (3). Relative

distance from axis/axle to duct.

Fage 116,

Th2 criterion by wnicn it is jossible tc judge about the
charactaer of ths state ¢f acticr ¢ flow, is the value of Reynolds
nunber. The value of Reynolds nuaker, with whcma cccurs the transition
cf moda/conditions frows lamipar to turbulent, is called critical, and

the rat2 of flow, which correspcnds to a critical number, is called

critical sgeed.

Reynolds anumber (cr Feynclds's parameter) is expressed ty the

following foresula:

Re =37 = 21, . (188)
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where v - a rate of medius, m/s; d - diameter cf duct, m; -

kinematic viscosity, m2/s; 1 = sgecific gravity/weight, kg/a3; u -
dynamic viscesity, kges/52; g=%.81 ~ acceleraticn of gravity m/s2.

With:

Re<2200 - laminar flcw; 2:.00<Be< 10000 - wobkle; Re>10000 - the

turbulent flow;

“Ehus:

Number 2200 - lower critical Reynolds nusber.

Number 10000 - uprer critical Reynolds rumter.

Loss to friction in tane straightsditect section cf the duct

4 v 3 189
dp=)— z; K2/, (189)
} * wvhere A - coefficient c¢f fricticn drag; ? - length of duct, m; 4 -

diameter of duct, m; v - rate cf aedium, m/s; 7y - the specific
gravity/veight of medius, xg/m3. ¢g=9.81 ~ acceleraticn of gravity

m/s?,

-
A
L J
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The local losses:
“Ap=1: % K2/ M2, (190)
where % - coefficient c¢f local resistance; v - rate of medium after
local obs+truction, m/s; 3 - tae specific gravity/veight of medium,

kgy/m3; g - acceleration ¢f gravity m/s2.
Page 117.

Resistance in the tupe systes of the arparatus:

: 2 2 2 1))
h=-z(0.03k% B+ %5)47;;—“ sox. et (191)

K2y: (1). water column.

where z - a number of ccurses cf water in the apparatus; 7 - length
cf tube, m; @4 - innar diameter cr tube, B: v - the average speed cf
water in tubes, m/s; g - accalieration of gravity m/s2?; -

coefficient, which considers the ¢ffect cf mean temperature and rate
of water (it is accepted c¢n of the curves cf Fig., 56); v, - velocity

cf water in branch pipes, m/s.

In formula (191) the first term in the Lrackets considers lcsses
of head to friction in the tukes; the second term in the brackets

considers local losses in the tukes. Losses in the ktranch pipes of

apparatus are considered by tns latter/last memter cf fcrmula,

8% sapeon v N ST 0 7

e o T
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Fig. 56 gives curves ic¢r det2rmining the valu2 cf coefficient 8

in the dependences on mear temgeracure and rate cf water.

With the loads of lcwer than the calculated resistance in the

apparatuses is determined frca tc the formula

K=t (Z)  woon . (19

Ey Key: (1). water coluan.

where W, W' - consumpticn ¢f water respectively with calculated and
smaller loads, m3/h; h, h' -~ nydraulic resistance respectively with

calculated and smaller lcaas, = water column.

Hydraulic resistance of capacitor according to the data cf VTI:

h=2z (bLv"" + 0,1350"% ) u coR. cr., (193)

Key: (1) . water column.

wvhere z - a number of courses of water in the capacitor; b -
coefficient, depending ¢n the irper diameter cf tubes and mea:

temperature of water (. determined on'fibleA 18; L - length of

tubes, m; v - rate of water in tukbe, n/S.
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1,20
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Fig. S6. Value of coefficient £ in depending cn mean temperature and

rate cof watar.
Key: (1} m/s. (2). Coefficienz.
Page 118,

With a significant daviaticn cf fp from 20°C the indicated in

Tabl2 18 value b should te multiplied by value ¢=140.007 (f—20). -

Resistance in the intertube sgace of apraratus with the

transverse bulkheads:

1) in the passages tetween the partiticns/taffles

afmoin () .
r;:.m K3/M, ‘ (194)

Ap=

{
n
}
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Key: (1). kg/m2,

whara f - a function of haynclds number, equal tc¢
-0,2
= Ty .,
r=075(3F)

m - number of saries/rcws of tutes, intarsected by the flcw cf the
medium; y - +h2 specific gravitys/weight cf medium, kg/m3; n - number
cf gaps/intervals between the partitions/baffles; 3’- distance
(clearance) between the saries/rcws of tubes, m; v, - rate of liguid
at the dge of partiticnstarfle, m/s; p - abtsclute viscosity at mean

tomperature of medium, kges/m2; g - acceleration of gravity m/s2.

2) during the flow thrcugh the partiticrsstaffles

0,0813u?z
= ——-1——

)
Ap K2/ M3, (195)

Key: (1) . kg/m2,
wher2 z - a number of partiticansstaffles; u - the mass flow rate
through partition/baffle, eqgual to
0]
1= 1,1 K2/ M*-cex;

Key: (1). the kg/m2s,

v, - rate of the mediuas abcve partitions/kaffle, a/s.

Pig. 57 schematically degicts heat exchanger with the transvers=2
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bulkheads and flow chart fluid flow in its intertube space.

Resistance in +he tubular heat exchangers with the course of \
medium in the intertube spgace ir parallel tc the axis/axle of tubes
is defined normally, as for the case of the ccurse of medium cn the

straight /direct tubes wherepy intc th2 fcrmula is substituted

equivalent hydraulic diameter.
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1;ble 18, Valuas of coefticient of b,

P 14 | 16 | 18 0 | 2 2

26

b 0,138 ] 0,117 | 0,101 | 0,088 | 0.078 | 0,070

0,064

Page 119. The losses of bhead of gatroleum residue on 1 lin. m in
deapending on rat2 and mean temgerature of pstrcleum residue are
determined on the grapk/ctrve Fig4« S8. The curves of graph/curve are
constructed according tc the data cf tests fcr the course of

petroleum residu=2 412, P20 and M40 in the stesl tubes with a céiameter

of 17,13 pnm.

Losses of head on 1 lin. @ for the same tkrands of petroleum
residue with their ccurse in the same tukes with retarders depending
cn rate and mean temperature C¢f petroleur residue are determined on
th2 graph/curve of Pig. 59 whose cirves are also constructed

according to the data cf the tests (about the ccnstruction/design of

retarders see Page 56).

The losses of head ¢f cil on 1 lin. m in depending on rate and
mean temperature of cil are determined cr the graph/curve Fig. 60.
Curves of the graph/curve are plctted according to the data cf tests

f£or the ccurse of oils c¢f brands T and UT in the copper tubes with a

diameter of 10/8 nmm.
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Fig. 57. Flow chart of fluid flc¢w in the intertube space of heat

i - exchanger.

Fig. 58. Curves of lcsses cf head c¢f petroleum residue with ccurse in

steel tubes with a diameter c¢f 17,13 nmnm.

Key: (1) . The admiralty fuel cil. (2). heating cil. (3). kg/cu2m.

i (4) . Avarage/mean temperacure. (5). m/s.

%y

5

1]
{
hJ
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Page 120,
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FPig. 59. Curves of lcsses of head cf petroleun residue with ccurse in

steel tubes with a diaseter cf 17,13 mm with retarders.

Key: (1) . The admiralty fuel cil. (2). Fuel mazut. (3). Mean

temparatura. (4). kg/cB28. (5). B/S.
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Key:

B/S.
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60. Curves of losses of head cf oil with course in copper tubes

a diameter of 10/€& sa.

(1). 0il is turbine. (2). kyscm2m, {3). Mean temperature. {(4).

121,

Rasistance in the béam of the ducts, washed by the cross flow cf

air (gas):

vith

Key:

Rey:

1) in the checkerea beams with €=

<053

— e

) )
Ap=28(z+1) Reﬂ%ﬂ xz'/u' HAR MM BOA. ct.; (196)
(). kg/m2 or mm H,C.
d

| ——

i <053

dify o _oxs1? ('
Ap =3, 86(2+1)Vm¢ Re 12;1:2?.«’ RAH M. BOA. CT.; (197)
(1) . kg/m2 or ma H,C.

5L _os

2) in the corfridcr Lsams with g= “' <1.

tajd —-0,8
8p = 0,53 (Tlli'_ zRe" 73 xz/a’ BaM MM BOA. CT.; (198)

(n. kg/mz or =ma H,C.

= o T T
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Ap=0,53 (%“—03) zZRe" 1% ;': nz‘]x’ HAR M4 BOZ. CT., (199)

Reys (1) . kg/m2 or mam H_C.

wvher2 m» - an expcnent; when c=-£’—>1.24

m=088 (=1 —01)""—1;

whan .s.-}< 1,24

0,88 ({3—%)0.1 (:;I/::: _O'l)o.m_j L

Y73 (o ARt 2o 1y e . R T

/ Resistance, which ccosiders correction fcr a change in velocity

head in ccnnection with a chance in the temperature,

20, — Q
—2(73—_'_—5:—1;;’ K2/M} WnK MM BOM. CT. (200)

Rey: (1) . kg/m2 or mm H,C.
Fage 122.
Here 4 - outside diameter ¢t tubes, cm; t, - space of tubes in

the saries/row (in the sidth ¢t tsam), ce; t, - space of the tubes i

betw2ien the serias/rows (in the aepth of beam), cm; t', - diasetric

space of tubes, cm; z - numter of series,/rous of tubes in the beam; v

\

- - greatast rate in the te¢am, a/s; 9, - averace/mean air srpeed, »/s;

g=9.81 m/s2 - accelaraticn c¢f yravity y - the specific gravity/weight
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of air, kg/m3; ﬂ - teafperature of air upon the entrance, °C; -

tempaezature of air on leaving 9C; Re - Reynclés numter.

Formulas (196)- (2C(C) are agglied with Re frcm 6000 to 60000 and [

cn spacings between tutes:

1) for the checkered beaas
d

0925< “_‘L < 2)5:
—1

2) €for +the corridor teams

Formulas (196)- (200) are valid for resistances at the angle of
attack 9=9009, Wita a deciease of the angle of attack cf
ap
resistance decrease. The values cf correcticn factor ‘=T;.‘. are given

in Table 19,

Stanam resistance c¢f tine capacitors:

Ap=p L“:- e %2- crT., (201)

Key: (1). Hg.

wher2 u - velocity of vagor in the capacitor, a/s [ see formula (86) ];
v - specific volume cf vapor, a3 /ky; p - coefficient of stean

resistance:
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For the nonregenerative capacitors with the laying cut of

th2 tube plate cn the triapngle ... 0.04,

, . . )
For the nonregenerative capacitors frcm the combined by i
i

laying out tube plate ... 0.U3. ;

For the regenerative cajacitors with the laying out of the

tube plate on the triargla ... C.(18.

For the reagenerativa capacitors frce the combined ty laying

e ot T = ek Yo S 22 e AV a1

cut tube plate ... 0.01.,

;
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'fable 19. Values of correcticn factor

for the angle of attack.

| + |ole 0|60 |5 |4] ]
| e 1|1 ]oss|osa]ose]o.s3oas|os
Fage 123.
Maximum pa2rmissible resistance of capacitcr. Ncrmally the value

of steam resistance cf capacitcr must nct exceed the data, given in
Table 20.

Precise calculaticn of resistances cannct be fulfilled

virtually. In the critical cases resistarce npust ta determined
experimantally,
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P
table 20. Steam resistarca ci cagacitor.

) ' Codiue
Iuamerp xouneucarops D, 4 | 1,8 | 2,4 l 3.0 3.0

)
Gnonycxaeuoe conpotusae- | 3,8 | 4,5
mme Ap, i pr. cT.

5,0 6.5

Key: (1)) . Diametar of capacitor D, m. (2). It is more than. (3).

Permissible resistance A, m® hg.
,523. Coefficients of fricticn drag.

Coa2fficients of frictaicn dray can be determined accordirg to the

following foromulas.
For the liquids:

1) laminar flow - seynclds nuamber Re€220(

LI _ : (202)

Re?
2) duct with the szcoth walls - Reynolds number Reg100000
0.3164 .
b=, (209)
v Re '

where R2 - Reynolds numiter - s&e formula (18€).

th2 values cf coefticient ), calculated acccrding to formula

(203), ire given in/YAtle <.




AD-A084 076 FOREIGN TECHNOLOGY DIV WRIGHT-PATTERSON AFB OH F/6 1371
CALCULATIONS OF SHIPBOARD HEAT EXCHANGERS: (U}
APR 80 A S TSYGANKOV

UNCLASSIFIED FTD=ID(RS)T-0402-80

4 or-6
Braore




-~
DOC = 30040206 EAGE 236

fabls 21. values of coefficient A.

5 {Re w-‘, A Ret073) & !Re.xo-" A Irmo-’ x !Rell)" A
2 10 %o,oal 50 10,0218 250 [0.0142f" 700 | 00109
- 3 15 10,0295 60 0,020 300 [0,0135 800 | 0,0106
’ 4 2 lo,02 70 |0,0195f 350 {0.0130} 1000 | 0,0100
4 s 0,0254 80 |0,0188] 400 [0.0126] 1500 | 00094
j 6 30 [0,02104 100 [0,0177] 450 [0,0121f 2000 | 0.0084
- 7 0,0231§ 150 [0,0161f SCO [0.0119) 2500 { 0,00795
] 8 40 l0,0224) 200 |0,0150 €00 [0.0114 3000 | 0,0076 i
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Page 124.

Fig. 61 gives ncmcygram for determining the losses of pressure in :

the dependence on the speéed of water and diameter of smooth tubes.

Por the oil-products:

= e 2
A=0,02 + TR (204)

-
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Page 125,

For the air:

1 =0,0125 + 221 (203)

whera d - an inner diasetar of tube, mm.

For the water vapcr Jith Be from 0.Se106 tc 7¢106 and for liquid

with Re>100000 ) i
A=, (206) :
(l,74+'.’lg ;) .
where r - an inside radius ¢f tukte, mpm; k=0,064-0,10 - absolute

roughness, mm.

For the gases and tha water vapor with tubes with the rcugh

walls and Reynolds numbter Re<S0000G

A= 2TF Re™™® (207)

whera 4 - an inner diameter ¢f ture, mm.

For simplicity cf calculatacn we convert fcrmula (207):

19’2—:'; M=°—f—::%; )y wm Re™? .

Tha values A, and r,, calculated according to the obtained

formulas, are given in takbles 2. ard 23.
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<able 22. Values ),.

! d by d | n 4| d | 1y 4 | 5

0,005 | 0,1656§ 0,070} 0.1167] 0.135] 0.1068] 0,200 0.1015} 0.2 | 0,0070
0,010} 0.1511§ 0,075} 0,1156] v, 140] 0, 1063] 0,205] 0,101} 0,29 | 0. 0965
0,015 0.1431 | 0,080] 0,147} 0,145/ 0.1058] 0,210| 01008} 0.30 | 0. 0061
0,020 0,1378] 0,085 0,1136] 0,150] 0, 1054]] 0,215 0,1005] 0.31 |0,0057
0,025| 0,1346{ 0,090 0,1128§ 0,155} 0,1050{ 0,220} 0, 1002} 0,32 | 0.0033
0,030} 0,1305§ 0,005 0,1121 ] 0,160/ 0,1045] 0,225] 0,0009] 0.33 | 0.0919
0,035 0,12794 0,100} 0.1113} 0,165} 0,1041 0,230 0,0496} 0.34 | 0,0%45
¢ 0,040 0,1256]] 0,105] 0,1105( 0,170| 0.1037] 0,233 0.09934 0,35 {0,0011
0,045 0,1237§ 0,110} 0.1098" 0,175 0,1033] 0,240} 00990 0,36 | 0,094
0,050 | 0,1219§ 0,115{ 0,1002{ 0,180} 0.1028] 0,245} 0,0087% 0,37 | v.0034
0.055{ 0,1205] 0.120{ 0,1086{ 0,185/ 0.1025] 0,250| 0,0945] 0.38 | 0.09:1
0,060| 0.1191] 0,125 0,1080] 0,190] 0,1022{| 0,255} 0,00501 0,39 |0.00:%
0,065( 0,1178} 0,130 0.1074] 0.195| 0,1018% 0,260 0.0975{ 0. 40 |0.0923

Page 126,

For the flexible hc¢ses:
- h=2gk, . (208)
whaere g - acceleration cf gravity m/s2; k - ccefficient, equal to:
! for the very smcoth rukber hoses ... 0.0C086.

. For the usual rutlter hoses ... 0.00C899,

For very smooth cnes withip the rublterized hoses/pipes ...

. 0.000884,
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Por

Fo

b}

For

racs 890

vary rough rubterized hoses/pipes 0.C01€3.

the usual hemp boses/piges ... C.00213,

the best leather hese/pipe ... C.0C317.
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“¥able 23. Values i,.
Re m-*‘ \y JRe10~Y ) fRe10™} 2, {Re m-‘l )y fRe m-‘q 2y
4 |3413) . (4.364) 38 [4,762) 55 5,082} 90 |s5.412
5 3.5271 22 [430n] 39 [4,782§ 56 [S5.042] 100 |5,496
.6 13.623f 23 |[4,424§ 40 |4,799] 57 [S5.085] 110 |5.572
7 3,707 24 4,447 41 | 4.815 58 5,070] 120 |5,647
8 |3.783{ 25 4,474 42 [4,832] 59 |5.083] 130 |s5,709
9 3,847y 26 [4,502f 43 |4,851] 60 |5.006§ 140 [5,781
10 |3,9093 27 [4,528) 44 |4,867) 61 [S5.107] 150 |5,8%3
1 3,944 28 4,550y 45 [4,8838 62 |5,1208 160 |5,804
12 [4,014)] 29 14,573f 46 [4,8098 63 [5131] 170 |5,944
13 [4.063] 30 |4,506§ 47 |4,918] 64 5,143} 180 |5,998
14 [san0] 31 (4,621 48 [4,932] 65 |5.156] 190 6,044
15 [4.1500 32 (4,642 49 |4,9450 66 [5,168] 200 |6,091
16 ]4,189 33 |4,663] S0 [4,963] 67 |5.179] 250 |6,295
17 14,227] 34 [4.684) 51 [4,975] 68 [5,192f 300 |6,464
18 (4,266 35 [4.704% 52 {4,989] 69 |5,202§ 400 |6,747
19 |4,207] 36 |4,722] 53 |5.008] 70 |5,214] s00 |s,974
20 {43314 37 (47428 S¢ |5.015] ®0 |5.319] 00 |7,183

Page 127.

§ 24, Coefficients of lccal resistances.

1. Values of coefficients ¢f local resistances in intertube
space of apparatus withcutt fpartiticns/baffles with course of medium

in perpendicular ‘directicn to lccation of tutes can be determined:

1) with turbul2nt and visccus moticn cf gas

C-Sm(

-

)&3

(209)
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or
1 \03,
2) with turbulent acticn cf liquid
t
c=4f7:-, ) (210)
3) with viscous mcticn of liaguid
]
c..xosz--v%'-. (211)

dere m - number of series/rcws cf tubes, arranged/located

g2rrvendicularly to the tlow cf the mediue;

u - the absolute viscosity cf amedium, kges/m2;

a=*-d ~ distance (clearance) LCetween the series/rcws cf tubes, m

(hera t - space of tubes, m; d - cutside diameter of tubes, m);

v - the maximum speed ct tne medius through the minimum cross

s2cticn, w®/s;

p - density of medium, kces2/a¢;

Ra - Reynolds number [ in the fcrsula (188) J:

f - coefficioent of external fricticn (according to the data cf T®able

28) 3

H




M 3
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1 - length of the beam cf cvubes in the direction of flow, m;
dy - hydraulic diameter, a3 {acccrding to the fcrmula (173) ].

2. Values of coefficiants cf local resistances for local

obstruczicns of heat exchangers can be accegted cn ¥able 25.

——y
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f Yable 24. Values of the coetficieant of external friction f£.

- 13 g?- '
- Re ox,::p.e 14 4‘:'2 }?;)n / "g' !@PH J opu ]
| i cousy | Mrposs Re |orsmaser LT | varpena
L

30,6 1,3 6,58 _ 1000 0,153 0, 11 0,136

5,85 2,47 1,67 5000 0,104 0.111 0,104

1,17 0,565 | 0,447 10000 | 0,008 | 0,102 | 0,095
0,630 | 0315 0,275 15000 | 0,093 | 0,095 | 0,087
0364 | 0,212 | 0,193 20000 | 0,088 | 0,000 | 0,082
0,204 | 0,158 | 0,153

88835

Key: (1). during the cccliny. («). with. (3). during heating.
Page 128.

The recvwmnended in Table 285 ccefficients cf local resistances 1

are referred o the speeé¢ ¢f medium in the tutes cr Letween the

tutes.

3. Values of coefficients cf local resistances for different

local obstructions of razifclds can be det2rsined acccrding tc tatles

26, These coefficients are giver f£cr the speed c¢cf medium after the

local obstruction.
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Fabla 25. Values of the coetficients of local resistances .

D) é ) 3uauenne
( Hausenosanne mecTHoro npensicisua s annapate xosddHuReHT

C 29‘0.1uue H BBIXOANBIC KIMEPHE o « v o « o o o & o o o , LS
[‘”ﬂoaopor #a 180° nHyTpH xamephl npis ncpexose 43 omnoro|

ny4xa TPyGOK B 1pyrow . . . . . . . C v e s e e e e e 2.5

0BOpOT H3 IH0” 1pw nepexoge A3 OAHON CeKUHR B apy-

TVIO YEPE3 KOACHO . « . « v 4 = + o o o« o o o o o o o o " 2,0
"(5)on1 8 MeKTpyGHO® MpOCTPIHCTBO  NEPNEHRARKYARPHO

IPYORAM . . L L L . e e e e e e e e e e e e 1.5
('“nepuox 113 OANNH CEKUWH B IPYryo HORX yr.'lou B 90°

B vewrpybuom npocrpanctee . . . . . . . . . . . 2,5

B)ﬂozmpor ua 180° oko10 TOHKON NCperopoaxn muy‘rpn Mexc-

TPYGHOTQ MPOCTPIHCTBA . « . o » + = « « « . « . . 1,5
(8oropor na 180° o V-oGpasnoii tpybre . . . . . . . . 0.5
(MOru6anne NeperopoIoK, NOIACPKMBAIOMIX TPYOKH . . - 0,5
(u)liuxo:x 13 MEWTP)yGHOTrO NPOCTPAHCTBA MOA yraom 90° 1,0

Key: (1). Designation cf local ckstructicn ir the apparatus. (2).
Value of coefficient. (3). Tnput and downstream chamters. (4).
Fotation on 180° withir chamber, camera ugpcn transfer c¢f one team of
tubes in another. (5). Ectaticn on 180° upcn transfer of one section
to another through elbcw. (6). Entrance intc intertukte space it is
parpendicular to tubes. (7). Transiticn cf cne secticn to ancther at
angle of 90° in intertukte sgace. (8). Rotation cn 180° about thin
partition/baffla withir intertuke space. (9). Rctation on 1809 in

V-shaped tube. (10). Bending orf partitions/taffles, which sufport

tub=s. (11). Qutput from iatertuks space at argle of 9009,
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Pag2 129, Table 26, Ccefficients oL local line resistance.

PR TBN Ao} T+ T V-

H.‘Ilnu‘nna:‘uue

(O 1 ockm (n“’opuyau 1 TabannW 3HadCHIiT KOIPPHINEHT] T

(3 . (F 3
Mepexoanuiil L=k F;—l)
. pacxoaAIunicR
Konye

T T

r'm;, 50 [0,134 200 |0,41{ 452 |0,98{ 70° [1.13]100°] 1,06
16° | 0,17 30° [0,71] 50° | 1,03} 80° [ 1,10]120°] 1,05
15° |0,26] 40° | 0,90} 60° | 1,12 90° | 1,07} 140°| 1,04

(> o | 70 | 100} 15° | 20° | 25° | 30° | 35° | 40°
Nepexoannfi )
cxoasunitca

xouyc clo16}0,16}0,18]02}0,22]0,24 0,26 0,28

. Qo o °7o°75°w°
hﬂ4550°5560°65 |

¢t lo.30o031 031 |0321033]03|03]03s

)  §
Y‘E)Bue:sannoe = (| __;.!)
pacwinperine s
Fy , 1 lo.glo.alwlo.s o.sto,z o,3lo,2|o,x, 0
S ol AR |

: l 0 lo.onlo.mlo.oglo,16{0.2%}0,‘3%0,49!0,6430,snI 1

((,)Bueaanuoc F : !
cymcHue -’-_,f ,01(0,110.2/0,310,410,5(0.610,7{0.,8 o,gll,o

- g |
0,38{0,34 0.09 0 ¥

Z 10,5)0,47/0,42

.

0,30(0,25{0,20(0, 15

eyt W TS L WP e sk s L S
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continuation ¥able 26.

7
( e ;';’ 0.110.,2] 0.3] 0,4] p.5]'0.6 0,7] 0,8] 0,9]1.0

L g
¢ | 226{47.8

a) caysad ,cosepwennoro® cxarua (Fy > 20Fg)

™~

17,5 7.8 3,75| 1,80|0,80] 0,29/ 0.06{ 0, o0]

. P
(» A 0,1/0,2{0,3{ 0,41 0,5/ 0,6 0‘,7 0,8{09]1,0

Jdnadparma npn
sxoac © TpyOy

Cal

232|51,0 19.8/9,61{5,26| 3,08] {,88{ 1,17/ 0,73] 0,48

i (o) . -
.5[_5 {; 6) qﬂywaﬂ,.uecoaepmennoro cxatun (Fy < 20F)

Qoo (l:_::'—_l) (3uavenne E oupeacaeno RRXe)

Fo 10102 o.3lo.4 0.5 0,6{0,7}0.8]0,9{1.0

£ |0,62/0,63 0.64‘0,66 0,68‘0.71 0,76/ 0,8110,89( 1,0

Key: (7). Designatién and draft. (<). Pormulas and table of values of
coefficient. (3). Transieat divergent core. (4). Transient ccnvergjernt
cone. (5). Sudden exrarsicn. (6). Sudden contraction., (7). Diaphragam
in duct. (8). case of m"ideal" ccamgression. (9). Diaphragm upcn
sntranca into duct. (1C). case cf "inadaquate" ccapression (F;<20F,)

§=( P,/EFg=-1)2 (value E is Jetermined below).

Page 130.

§ 25. Discharge coefficients.
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During the discharge tne liguids frcm the cpenings/apertures of
various forms take the place ctf the lcsses, which decrease the real
fluii flow rate, computed frcas rormula (€9), and the real discharge

velocity, determined acccrding tc tormula (78).

Thase losses depend cn the ccapgression cf liquid jet, i.e. by
the 1Jlecrease of sectior, ana Lty the appearance cf fricticn in the

cpaning/aperture with the discharge from it c¢f real liquid.

Real eoxpenditure apd sgesd of liguid are calculated taking intc
acccunt the losses whick are estimated by mears cf the introduction
to calculaticn fcrmulas (73) an< (€9) discharge coefficients in the

form of factors.,
i By the discharge ccefficient they ieply:

1. The contracticn cocfficient s eogual to tha ratio of the
sectional area of jet tc the area cf the openingsaperture frcm which

escape/ensues liquid.

LY

2., Velocity coefficient ¢, ejual to ratic of real discharge

v2lccity to theoretical taxking into account friction in
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cpening/aperture.

3. Coefficient of expenditure p, equal tc product of contracticn

coefficients and speed.

4, Drag coefficiert g,

deatermined in

§ 24.

e i
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Page 131,

Tabla 27,

EAGE w

Values of discharye ccetficients,

Haumenosaune
o u e

(2> 3navenns kosduumenron

|

\d

>
(eupﬂue B ToHXOR
crenke

0.62

0,97

0,64

0,06

-
[ |

Oannnuit nacaxox
Benrypn

=

0.82

0,82

1,0

0.5

(s>
Hacanox

0,48

0,48

@

Hacazox Sopax

=

0.7

0,71

1,0

2]
Hacazox no popue
cmaroft crpyw

is

0.97

0,97

1.0
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k’?lacanou Beurypn 9 0° 100 | 200 20° | s0° | 50° | 60°
noa yraos .

s | 0,815 0,80 |0,782}0,764 0,731]0,731]0,719

(Q) Hanaywwu# yroa komycuoctu 13°
(10> " T » el el 0] ol v
Kounveckut nacasox

0° | 0,829{0,829| — 16° [0,938} 0,969 —

13 | 0,85210,852} — 2° [0,922) 0,971} —

LY 3° | 0,992]0,892| — Z5° 10,908} 0,974 —

\- s° | 0.92 0,92 | 1.0 | 20° [0,806{ 0,975] —

10° | 0.93710,949] — | 35° [0,883] 0,977} —

13° | 0.945/0,9611 0,99 § 45° [0,857] 0,883 0,88

Tha dasignations: ;. - coefficient of the expenditure; ¢ -
. s s s £ .
valccity coefficient; § - drag coefficient; » - contraction

ccefficient.

Key: (1) . Designation and dratt. (2). Values cf coefficients. (3).
Opening/aperture in thin wail. {#4). Venturit's lcng nozzle. (%).
Nozzle. (6). 3orda mcuthpiece. (7). Nozzle in fcrm ¢f compressed jet.
(8) . Venturi's nozzle at éngle. (9)« Best ancle of taper. (10).

Conical nozzle.

Page 132.

The values of discharye coefficients fc¢r the various forms of

openingss/apertures anrd nczzle are given JN Takle 27, dapendencs




%y

DOC = 80040207 eace QOA

w Table

between the coefficients § and #4243, between the coefficients u, ¢

and ¢ - in the formulas:

.
1 F
B =29 ?—'V1+C i ¢ l’; ’ 212)

-~

where F, - an area of ccntracted section; P, - area of

cpening/aperture.

$
"~
The values cf ccefficients for the Smmu.opﬂdére close to the

following: £=0.06; #=0.97; e=C.6d4; u=0.,62,
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Dependence between the ccefficients ¢ and ¢.

pace 309

hidie i i

e

iy

0.02
0.04
0.06
0,08
0,10
0,13

0.50
0.60
0,70
0,80
0,90
1,00

1,50
2,00
2,50
3.00
3,50
4,00
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Page 133.
Ghapter Iv.
EXAMPLES OF THE CALCULATICNS OF HESISTANCES IN APEARATUSES.
§ 26. Calculation of resistances it the tube part of the apparatuses.
Hydraulic resistance of cagacitcr.
Initial data for the calculaticr (irom the thermal design).
Expenditure of coclingy water C=150 t/h.
Speed of cooling water in th2 tubes with v, =1,6 n/s.
Mean temperature c¢f cccling water tp =24.29C,
The specific gravitys/weigyht ¢f ccoling water y=1,025 t/m3,
Number of courses cf water an tubes z=Z,

Length of the tubes betweca tne tube plates 1=1,35 a.

e
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Th2 thickness of the tube jlate is s=0.0z m.

Inner diameter of tubas d, =0.014 m.

Course of computation.

1« Inner diameter cf inlets and yield cf water is taken d4,;=0.15

2. Speed of cooling water in ctranch pigpes
[
(v -

D 150
D, == =23 M/cex.
' Znd; | %25.0,150-1,05 3

Key: (1). m/s.

3. Overall length cf tubes
L=1+425=1,35+2.0,02=1,39 «.
4, Value of correcticn factor P for mean tempsrature and sgeed

c¢f cooling water (on grapga/ctrve Fig. 56): pB=0.965.

Page 134,

S. Hydraulic resistance ci cajacitoer
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—2(0031 573 p+l4%) -;i

1399 1.8 2,3
2(00310014 29,81 0965"'“2981)‘*"2-97"

=1,41 4 B8 L.cn

Key: (1). water column,

Hydraulic resistarce of cafpacitor according to the formula VTI:
h=2z(bLo;™ + 0,1350}%) =
=2(0,138-1,39-1,6"™ 4+ 0,135-1,6"%) = 1,48 & water column ,
wher2 b=0.138 ~ the coetficient, depending c¢cn the diameter of tubes

d,. and mean temperature cf cccling vater ¢, determined on “¥atle 138.

Hydraulic heater resistanca of feed wa*a2ar.

Initial data for the calculaticr (from tte thermal design).
Sp2=d of water in the tukes with v,=1.7 w/s,
The specific gravitysweight ¢f water y=C.974 t/m3,

Number of courses ¢f water in tubes z=6.

Average/mean lengtk ¢of tukes in the course c¢f 1=1.8 m.
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The thickness of tne tube plate is s=0.5 n,

Inner diameter of tuse d, =0.¢13 with m,
Reynolds number Re=S56d4C.
Course of computation.

1. Overall length c¢f tube 1in course
Leml4 25==1,8+2.005=1,9.

2, Coefficient of fricticn drag for water
A == 0‘.3I64 - :).3!64 =0,0208.
¥ Re v 56800

3. Losses to fricticn 1n straight/direct secticn of tubes

A 6.9 173974 ("
. Ap‘=k7:—-2?-=0‘0205 0,013 . 39,81 = 2600 KZIJ".

Key: (1) . kg/m2. i

Page 135.

4. Local losses during rctaticn on 180° in V-shaped tube

1oy 6-1,7%.974
8py =5 2-5; =05 —5gg5r =218 'f5/'"'l

wher= ch.S - drag coefficient duvraing rotation in V-shaped tube (on

“fabl= 25),

5. Local losses tc¢ rotaticn in chamtsrs/cameras upen transfer cof
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cne beam of tubes in ancther

2 oY 8 1.77.974
=g g =255 mar =717 ko/m%,

wher? §,=2.5 - drag coetficient to rotation in chamters/cameras (cp
Yable 25).

6. Local losses in input apa dovnstream chambers

o 1,7°.974
8py =042~ =1,5:2+ g =430 ks /m",

where §,=1.5 - drag coeftficient 1n input and dcvnstream chamters
~Table 25).

(on

7. Hydraulic heater resiscance of feed wvater

h==(8p, + 8p, + Ap, 4-4p,)- 1070 =
= (2600 + 215 + 717 4 430)-107°=3,962 & water column .

Hydraulic heater resistarce or fuel/propellant.

: Thitial data for the calculaticn (from *he thermal design).

Brand of the petrcleuam residue: sailor MZ0,

speed of patroleur residye in the +ubes with cetarders v=0.83

B/S.

Mean tamperature cf pastroleum resilue tp =55°C,
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i; Inner diam2ter cf V-snapea tube 4, =0.C13 with m.
Average/mean length oL tuces in the course of 1=1.03 m.
Number of courses of petroleum residue in tubes z=6.
; The thickness of the tuke plate is £=0.035 m.
Course of computation.

1. Overall length cf tuke 1n course

L=[+235e=1,08+42-0,035==1,1 u.

Page 136,

! 2. Losses of head ¢n 1 lia. m in tutes with retarders and

chambers/cameras in dererpdirng cr sgeed v and mean temperatures ¢_ of

retroleum residue cf MiC are detercined ¢n graph/curve Fig. 59:

Gy -
Ap==0,21 xz|cs*- 4.
P Key: (1) . kg/cm2enm.

[ . 3. Hydraulic heater resistance of fuel/prcgellant
b A=0plz=021-1,1.6 =139 Ky fem®.

Steam resistance of steaa ccclsr.

.
‘\
N




o R MY

- D AUttt s ok e~ St BSOS v R e

3 DOC = 80080207 race S

Ini+*ial data for the calculaticn (from the thermal design).

The speed is steam ian tubes o, =49 nvk-

Specific gravity/weight is steanm Ta =3.22 k3y/m3.

Number of courses cf steam in tubes z==Z.
Average/mean lengtk oz tuces in the course cf 1=0.53 n.
Inner diameter cf V-shaped tune d, =0.C12 m.
‘The thickness of the tube plate is £=0.025 a.
Number of Reynolds Re=1{8500.
Course of computation.

1. Overall length c¢f tube inm course

L=14253=0,53 4 2.0,025=0,58 u.

0‘.

2. Coefficient c¢f fricticn drag

: 0,08188 -0,148 0.08188
)s o —do..lT Re

= 3 o1 108 500~ = 0,0263.
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3. Loss to fricticr in straight/direct secticn of tubes

i iy, 2.0,38 49.3,22

Ap,=)"7‘—.‘ = =0,0263 003 39,81 =923 kg/mi.

4. Drag coefficiert to rctaticn of steas in tubes (on Taktle 25)

Cl‘-'o. 5.

5. Local losses duriny rctaticn of steaas in tutes

vy, 492.3,22
Ap'=:|"—;'in‘=055 2'9,81 - ‘97 hS/NQ- .

6. Drag coefficient in 1input and dowvnstream chaambers (on ¥able

25) §,=1.5.

Page 137.

7. Local losses with zrtrance into chamkters/cameras and cutput

cf thenm
2¢%y 2.492.3,22
Ap.-(’ 2"‘0' =15 —2_7978T—='“80 kg/m’-

8. Steam resistance oI steas ccoler

8p=(ap, +4p, + 4p,) 107" =
== (923 + 197 + 1180) 10 =0,23 Ko /cm*.

§ 27. Calculation of resistances in the intertute space of

apraratuses.
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Steam resistance
Q‘ Initial data for
Quantity of

Quantity of

kg/h.
Enthalpy cf

Condensatio

Inner diame

Outside dia

Space of th

Distance be

Solidity/lo

race i

of capacitcre.
the calculaticn (from tte thermal design).
that ccndensing steam G,=270C kg/h.

condersate, which enters the cagacitor, G,=1640

condensate g,=133.4 kcal/kg.

n temperature c¢f steanm t, =S53.69C.

ter cf tke Ekcusing of carpacitcr p,=0.592 m.
meter cf tukes d,=0.016 m.

e locaticn cf the tubes with t=0.026 m.

tween the tupe plates 3=1.35 um.

ading factcr ci tuce plate 7y =C.73.
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We dateraine (on Yable 1-3 orf apgplicaticnsyagpendices).,

Heat of vaporizaticn when ¢, equal to r=%£66.9 kcal/kg.

Specific volume of stean wbhen ¢, equal tc o, =10.2 a3/kg.

Course of computation.

1. Quantity of that is fcrased frcm ccndensate,

Gylgr—¢ 1640(133,4 — (1
G, = 1(4; D 610(?&4.9 5.6 =230 K2/vac.

Key: (1) . kg/h.

2. Total quantity cf steam in capacitor
Gu=G, + G =2700+ 230=2930 Kkq/h.

3. Speed of condensable steamr in cafpacitcr

V== 60, -
asooo.t(n—% f—r,,,) .
2030.10,2
= 0,016 =2 m/s.

. 000,521,351 — g'gzg ¥ )
Page 138.

4, Comfficient cf steam resistance for ncnregenerative

capacitors with laying cut ¢f tubes in triangle according to

given
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formula (201) wu=0.04.

5. Steam resistance of capacizor

- - 1)
Ap=p—— =0,04 T’f;._=1,9 P ST. cT.

Key: (1) . Hg.

Hydraulic resistance of steam cccler.

Initial data for the calcuiaticn (from the thermal design).
Spaed of water in steam cccler wv,=C.79 a/s.
Inner diameter cf bcusing D, ,=0.28 m.

Area for the passage of water in the intertube space £=0.01875

B,
Number of tubes in course n=53,
Outside diameter cf tuneés 4, =17 m,

Average/mean l2ngth or tha keam of semi-V-shaped tubes with

1=0.53 m.
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Number of courses c¢f water in housing z=2,

Tha specific gravity/weijnt of water 171, =937.3 kg/m3,

Dynamic viscosity cf water w=:2.201C & kges/m2.
Course of computation,

1. Equivalent hydraulic diaseter of one course (half intertukte

space)

d = R4 -
* = (0,0Dy + dyn) + Dy
4.0.01875 ’
= 3: 14 (0.5'0.28 + o-°l7'$) + 0.2-5 = 0'0209 X

2. Reynolds numker for water

Re == UsdoyTp = 0.79-0,0209.937.3
4 22,2.10-%.9,81

3. Coefficient c¢f fricticn drag for water

=‘7l mo

A IIB OB 0,019,

YRy

4., Losses to fricticn 1in straight/direct secticns of intertube

space . .
- 3 v, 2.0,53 0,79%.937,3 .-
ap, K‘. T3 =-0,0]935W'—2_—9—jl—==29,3 ks/mz.
Page 139,

S. Drag coefficient during rotation on 1€0° in intertube space
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{on Table 25) §,=1.5.

6. Local losses duriny rctaticn of flow c¢n 180°

as 0,792.937,3
Bpy =0~ =15 —ggr = =447 ky/m>.
7. Drag coefficient upcn entrance intc intertuke space (on

“¥able 25) §,=1.5.

8. Drag coefficiert cn leavinyg from intertukte space (on “table

25) §3=1.0.

9. Local entry loss intc iptertube space and output from it

oy, 0.79%-037,
89y = (o +C) o (L5 + 10) "y =T45 K /m?

10. Hydraulic resistance or steam ccoler

ke (8p, + 8py + 8p,) 107 =
- (29,3 + 44,7 4 74,5) 10° = 0,15 4 water column.

Hydraulic resistance of c¢il cccler.

Tnitial data for the calculaticr (from the thermal design).

productivity of oil cccler D=16 t/h.

The length of the e€dge (chord) of partitionsbaffle is s=0.366 m.

space of the locaticn of the tubes with t=13.5 nnm.
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Cutside diameter c¢f tubes d,=10 with ms.

Distance betwean the auousing and wing tutes with y,=15.3 on.
Number of series/rcws c¢f tukes, intersected by flow, m=18,

- Number of gaps/intervals tetween partiticnssbaffles n=1g,
Distance between tke partiticas/baffles h=0.09%n.

Th2 average speed c¢f oil retween the partitions/baffles v,=0,307

B/Se.

‘.w The average spered c¢f cil atcve the partiticns/taffles v,=0.307

B/S.

Kinematic viscosity of ¢il cf brand T at mean temperature

v=57¢10"6 a2/s,

The specific gravity/weiyht of oil at mean temperature y=879

. kg/m3.

e SO




DOC = 80040207 EAGE QK

Area of section fcr the passaje of cil above partitions/baffles

£,=0.0164 nm2,
Course of computation,

1. Size/dimensicn c¢f clear cpening for passage of oil at edge cf

partition/baffle
bmsg—2=Domds 4
- _ .0.366 — 20,0153 — 0,01
0,366 00— 0,01 =0,116 «.
Page 140,

2. Sectional area fcr passaye of oil at edge of partiticn/baffle
f1=bk==0,116-0,094 =0,0109 .

3. Speed of o0il at edge of gpartition/baffle

D 16
7= 0077 =’3waomu§ﬁfﬁ§*=0A62 ~v&.

4. Punction of Reynclds nusker

fm=0,75 [_"._(!:_41 ]—M —~075 { 0,462 (g;o::s_‘— 0.0) 1-02 _ ( 3g,.

S. Losses of head of 01l 1t gassages betveen partitions/baffles

Afmutn  4-0,384-18.0,4677.879-12 '
e 29,81 =3200 kg /m"

Ap, =

6. Losses of head cf oil duripng flow thrcugh partitions/baffles
8py==0,0815v2; (5 — 1) =0,0815-0,3072.879 (12— 1) =74 I%q /m*.

7. Losses of head cf ci1l with entrance iptc intertube space and

cutput frem it

. ? 0,307*-879
39y = (5 + %) o = (15 + 1.0) Zpp i = 10,6 kg/m
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€,=1.5 - drag coefficient upcn entrance intc intartuke space (on
table 25); §,=1.0 - drag coetfficiant on leaving from intertukte space

{(on <€able 25).

8. Resistance in ipntertune space (0oil cavity) cf oil cocler

3p=(8p, + Apy + 8p,) 1074 =
=(3200 + 74 + 10,6) 107* = 0,33 kg /c m?.

Aercdynamic drag of air cccler.

Initial data for the calculaticpn (from the thernal'design).

Outside diameter c¢i tubes 4, =16 mm.

Space of tubes in thae series/row (ip the width ¢f beam) t,=22

Space of tubes in the depth orf beam t,=20 am.

Number of series/rcws c¢f tiktes in beam 2=16,

Avarage/mean air specd in thke coclant v=14,.6 m/s.
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Temperature of air ugon entraace t;=27°9C.
Temperature of air ¢m leaving t,=189C,
Mean temperature ir ccclart tg =22.59C,
The specific gravitysweiyat of air 3y=1.155 kg/n3.
Reynolds number Re=14700,

Page 141,

Course 9of computation. f

i 1. Diameter pitch ¢f tubes of checkered lundle

=V G+ a =V (G =29 .
2. Value .

. l—dyt _ 1—16/22,9
: ¢=da—1 = me—i —08>053.

3, Resistance in checkered tundle of ducts, washed by cross flcw

cf air, when e >0.53

dp, =3,86(z +1)VeRe 5L =

=3,86(16 + 1) V0,8 - 14700 " . WTLID _ 665 uue water column.
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4. Resistance, which ccnsiders correcticn €for change in velocity

head in connection witl chacge 1t temgerature,

_ 2 —t) ¢ _ 202T— 18) 14,621,155 " -
AP =3 ¥ 1y 7z — TBTm.5 2081 =076 M woter colum

5. Aerodynamic drag cf air cccler

Ap=Ap, + Ap, = 66,5+ 0,76 67,3 ux wotec column:
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CHAPTER V.
Materials and their desicn characteristics.

At present in the gractice ci the manufacture cf different
apparatuses and vessels the widest acceptance cttaired welding as the
most rational and cheap prcducticn method, which ensures good quality

cf production and safe cferaticr.

Therefore all given below data will relate in essence tc the
saterials, used for the welded apparatuses and the vessels. The tyres
of weld2d joints in the ship-buildang are applied acccrding tc the

appropriate standards.
§ 28. Steel.

Th2 materials, used focr the apparatuses and the vessels, vhich
work under tha pressure, must ccptain (accerding to

controlling-chamical analysis fcr any steel) not more than 0.30/c C -

during the use/applicaticn ¢f an slectric welding and nct more thar
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0.350/0 C - during the usesapglication of cther means of welding, or

to satisfy the requirererts cf thé corresponding standards.

For manufacturing thke shipktcard heat exchangers steel is applied

mainly in the form of rclled stcck, castings and forgings.

The parts of apparatuses and vessels, ucrking medium of which
are vapors, condensate, cil, fpetrcleum and air, are fulfilled made of
carbon steel, if thay dc act unéeryo the straight/direct effect c¢f
sea vater. For the weléed steel kcusings, the becttoms, the
covers/caps and cther parts, which wcrk under prassure, is applied
sheet steel of brand St. 3, while for the parts cf less
critical/heavy-duty cnes - steel St. 2. The steel cast covers/caps,
flanges and other parts are cast made of steel cn GCST 977-53. For
the steel *ube plat2s, the f£langes and cther parts in the mazcrity c¢f
the cases is applied steel.st. 4 ard less frecuently St., 5. Steel
tubes are fulfilled by éeaslgss ones or seamless-rolled of carbon

strel on GOST 301-50.
Page 153.

The parts of apparatuses, which require the increased strength

cr the necessary and svfficient ccrrosive resistarce, and which alsc

undergo *he acticn of ticn tesperatures, are nmade made of the nickel,
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chrome-nickel and other alloy and low-alloy steel.

The fundamental characteristics cf different steels, used for

manufacturing the basic fparts ot heat excharcers and vessels, are 1

given in Table 29-37 ard c¢n Figs. €2-67.
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Table 29. Mechanical pr-perties of shaped castings from carbon
steel (according to GOST )77=53).

() () (3) (%) (5)
‘ Mpenea fpeaea Otnocutcasioe] Tlonepeuiice
NPOUHOCTH TeKyvecTH RAHHEHHE cxaTue
Moona | oo xelant | o epusr | V0 $. %

{6) ue memee

131 24
20N 2
50 19
3on . 17
354 15
4041 14
4571 12
son 1
S50 10

Rey: (1) . Trademark of steel. (<)« Limit of strength kgf/mm2. (3).
Yield point kgf/mm2, (4). Elongation rger uﬁit length. (5). Lateral

contraction. (6) no* less.

Table 30. Mechanical prcperties of steel casting at elevated

tempa2tratures,

( l) Temnepatypa, °C 100 | 200 } 300
=)
lpeaea nponHOCTR 9p, K2 [cu? 4567 | 5253 | 5052
ﬂpe‘nea TEXyuecTH o5, X2/cM2 2375
Yu“::enne 3 Y% 8| 16| 18] 25
Monepeanpe cxarne ¢, 9, 7 46 41 48 81

Key: (1). Temperature, °C. (<Z). Limit of strerngth kg/cm2,
Yield point kgscm2, (4). Elcnyation 6, os/c. (5). Lateral

contraction.
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Page 144,

Table 30 gives the gecananical propertiss cf steel casting (with
content of C - 18c/0; Mn - Q.3é6cs¢c; Si - 0.2€6cscy; S+F+Zu - 0.2<% /0

with the duration of testing 40 wmin.) at elevated temperatures,

Tha physicomechanical prcperties of the metals, used in the

apparatus constructicn, are civer in tables 3§,

Is most negatively strength ard safety cf the scrk of |

apraratuses affect higk temperature and corrcsicn - fphenomena, which

are most frequently enccunterea during the cperation.
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Tables 31. Mechanical frcperties c¢f forgings zade of carbon steel (on

GOST 2335-50).

G (5) 76, i
W e (3) npen)u TMperea Tuplgcﬂ. ‘
Kaace Onaverp Mapxa NPOYNHOCTR | TexyuecT |no Bpuuexa ‘
noKosKH "0:‘::""' crann | See K2laae? | og, K2[Mid? Hyg
(7/ e uenee () e Goaee
100 35 20
. I 100—300 15 34 17 143 :
300—500 33 15 |
100 40 22 §
100—300 38 20
P 156 i
1 f 300—500 0 37 19 . !
{ 500—750 36 18 :
2
100 43 24
2 170 :
i 100—-300 % 10 22 i
: !
100 48 25 i
100—300 47 24 l
30 179
v 300—3500 46 23
S500—750 45 22 ‘
~ |
; 100 52 27
1 .
i 100—300 S0 26
’ 187
v 300—-350 » 48 24
500—750 ) 46 23

Key: (1). Class of fecrginye (¢). Liameter of fcrging, aom. (3).

Trademark of steel. (4). Limit cf strength kgf/mm2, (5). Yield
point kgf/mm2, (6). Hardness according tc Erinell. (7) not less.

(8) nct more.
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Tables

to GOST 301-50).

PAGE

328

32. Mechanical prcperties of steel tubes (acccrding

W np‘e);eu OtHocHTe IbHOE YaaHReHHe, Of,
M‘pl' APOTHOCTH (3/
P ey, K2/MM2 LT
( 4/ ne menee
10 32 24 2
20 40 20 17
33 52 i7 14
435 60 14 12
Cr. 2 34 24 20
[5) Cr. 4 42 20 17
Cr. 5 S50 17 14
Cr. 6 60 14 12
Kay: (1). Trademark cf steel. (2). Limit of strength kgf/mz2. (3).

Elongation per unit length, o©/C.

Tabla 33,

{4) not less. (5). St.

Mechanical prcgerties of carbon hct-rclled steel of the

usual guality of group 2 (¢n GGCSI 380-50).

() \3) (v
W Mpeaca Mpeaca Oruocuteannoe ynauncuue, %,

Mapxa npouHoCTH texyvecTn

cTasw Op K2/ 4012 o5, X2|MM1 4 ‘ .

($) ne uenee

Cr.0 3247 19 2 18
Cr. i 32—-40 - 3 28
Cr. 2 3442 ' 731 2326
Cr. 3 33—47 4 25--26 21-22
Cr. 4 4252 26 21=-24 17-20
Cr.S 50—62 28 15—=20 13—16
Cr. 6 60—72 31 13—14 1—12
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|3
2
Kay: (1). Trademark cf steei. (z). Limnit of strength kgf/em2, (3).

: Yield point kgf/mm2, (4). Elongyation per upnit length, os/0. (5) nct
- less. (6). St.

i

i

4

t
I!
A




DOC = 80080208 eace 330

Page 146,

Tabla 34, Mechanical prcg3rties of carbon structural steel (cn GOST

1050-52) .

() (») lipegea (3 llpcnea OtHocuteabhoe
Mapxa NPOUNOCTH TCKyTeCTH |/ )yaaukenne
CTAIN ap. K2IMM2 G, K2[AMT By Y

{5/ ne menee

10 34 21 31

15 37 22 7

20 41 25 25

25 44 28 23

30 18 29 21

35 52 3t 20

Rey: (1) . Trademark of steel. (<). Limit of strength kgf/am2. (3).

Yield point kgf/am2,. (4). Elonyation fper unit length. (5) =nct

less.

Table 35. Mechanical prcpertias ot steels at cifferent temperatures,

. GJCr.d__ | @Xr4_ | B)crs | gcrb
(,):-; ¥ =2 W=y @=% @="‘ @E"; @:} @E"g @:3
sz -3 Q% = S g3 9 g% ]
.« TCel| Tl f"g- '-‘u‘ - r‘ui SS— ""03
- 22N B> LE22xI 2Rl 22N 8N 82| 2%
€3 TR ST el Ty« o N> ﬂ»-‘ o> % q’.¥
ey | 88,8 |83 18183 .| &7 183 .| &x".
= 2, S R A R A - A A A
pu J5~—45) 19-25 15 26 55 30 €5 36
200 15 18 43 N 35 2 — —
300 32 15 42 17 52 19 65 25
350 28 i3 K1 ] 15 418 7 a3 21
400 21 1t 36 13 12 15 16 17
450 20 9 12 n 36 13 J9 15
500 16 7 ‘ i) 9 8 i 3 12

Rey: (1) . Temperature c¢f testiny, °C. (2). St. {3). Limit of strength
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(4) . Yield point kgf/sn2,

Tabla 36. Mechanical prcpertic¢s cf carbor structural steel at

alevate] temceratures.

3

(1) () fpeaca npcné.!)rex)‘-cccru 3., K2!Mm?, upi TCMUCPATYypax

- npn-mncmc

£z 20°C,

S350 20 | 200 | 250 | 300 | 350 | 400 | 450 | 500

-~

10 33 18 {16 {14,5]13,5(11,5]10 8 6

15 15 w0 {7.5{16 1451125} 11 9 7

20 10 22 {19 }i17,51155]135112 |10 8

25 13 24 (120,50 85165145113 |1 9

30 18 % |22 |20 [17,5]155[13.5|1,5] 9.5

35 52 28 |24 215119 |17 |14,5}12,5]10,5
Key: (1). Trademark of steel. (2). Limit of strength with 20°C,
kgf/mm2, (3). Yield peint kgi/ma2, at temperatures.
Page 147,

Temperature effect cn thke strength is ccrsidered, beginning with

2309C, with a reductior/descent in the allowatle stress for steel.

Allovable stresses ior steel c¢f brand St. 3 in the deperndence cn

the temperature are givem 1n Fig. €2.

For steel St. 2 stresses must be respectively lcwered/reduced,
For stesl St. 4 stresses at temperature rore thanm 3009C cannct be

increased in comrarisor witn tae stresses/voltages for stez2l St. 3
Fig. 62.

e oot S bl A ¢ e e =
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Table 37. Mechanical prcperties cf some alloy steels.

(1) (> (3) (4)
M [ipenea fpeiea OtHocnreasuoe
apka NPORHOCTH Texyuects yARANHEHHE
cTaan Spe K2/ MM S K2/ MM2 5, Y%
1 X I8HIT 50—60 20 40
{(391T)
30XMA 80—90 ’ 60 14
CXJl-4 54 40 18
35X 95 75 10

Key: (1). Trademark cf stsel. (<). Limit of strength kgf/mm2. (3).

Yi=ld poin+t kgf/mm2, {(4). Elcngation per urit length.

Tables 38. Physicomechanical grcperties cf metals.

§ =827 24°7|V9 iz | O
() = |$o=2 128 3] =¢ 83 | Koxbdu-
1. 25359823 28 2 [ qumen
Matepmaa | =3 128202|55<3) 22, 29 | Nyaccona
Zel e ER S EFTE B R
= g ¥ = ’ +
me 2352412883 2287 | 29
5
Craab yrae-| 7,85 1,25 45 2,0-2,2 {8,0-8,5 0.3
."/POI"C‘I’J’
Crasp unxe-| 7,83 (,2 15—22 2,09 8,1—8.4 0.3
Jenan
Myryn v/ 7,0—~7.40 1,1t 54 1,0~1,2 12,9-5,5/0,27—-0,15
Meas (7 8,9 1,73 320334} 1,1-1,3 |4,1—4,9] 0.32—0,35
Naryns (412)] 8.6 1.9 74—90 | 0,65—1,0 |3,1—4,1 0,31
Bpomaa (13)] 8.8 1,8 51 0,9—1,2 3.8 0,34
Ho:ﬁ_n)s UY 8,9 1.3 S50 2,05 -— 0.323
Azxounnni 2,7 2.4 175 0,68-0,72 |2,5—3,5 0.363
Umix 76) | 7,15 1,65 9% | 0.9~1,2 13,7—4,1| 0,205
Oxomo (7 | 7.3 1 2.9 9% 0.4 1.6 -
Mcasxuopt® 8,9 i,6 2% 0,85 - -

Key: (1). Material. (2). Specific gravitys/weight y, g/cm3. (3).

Coefficient of linear expansicn 10S a on 1°C tetween 0-100°C. {4).
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Coefficient of thermal ccanductavity A\, kcal/meh9C, (5).

Modulus/module of 2lasticity V-6 E, kg/cm2. (6). Mcdulus of shear

10-% 6, kgy/cm2, (7). Pcissop ratio. (8). Steel carbonic. (9). Steel

nick=2l., (10). Cast iror. (11). Ccpger. (12). Erass. (13). Brcnze.

(14), Nickel. (15). Alumious. (16). Zinc. (17). Tin. (18). German

silvar.
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Page 148,
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Fig. 62. Allowable stress ci steel St. 3 in derend2nce on

tamperatura.
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Fig. 63. Allowable stresses in different steels in depending cn

temperature.
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Key: (1) kgf/mm2, (2). Seamless forged drums and forging-carktcn. with
2.50/0 Ni, (3). boiler plate cartcn. with 2.%c/0 Ni. (4). Tutes
jointless, a) medium carkten. £) lcw carbe¢n, Scft koiler plate. (5).
Molybdenum. steel (C-M,) sbeet, tuces, fcrgings. (6). Tubes and

sheet. (7). She=2t. (8). 1Tubes kgf/mm2,

Page 149,

It is necessary tc keep in mird that the allowable stresses
(Pig. 62) include the tctal stresses/voltages which can arise frcm
all lcads, which effect cn the apparatus, namely: a) the internal
gressure; b) impact loads, involving a sudden change in the pressure;
c) the weight of apparatus and c¢cantaining in it werking media under
operating condition; d) the 1lcad, caused by the tcssing; e) the local
stresses, called by the pick ups and the rings; f) a difference in

the tamperaturss.

Usually in the calculaticns when selecting of the
relationships/ratios of alicwable stresses it is custcmary tc assume
that Rl-R‘=R.;
Rtlg I,SR‘;
chs O,SRx.

wvhera R,— permissible tensile stress; R,— rermissible compression

stress; R,— allowable stress cr tane bend; R,— frermissible shear
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b- stress; Rm— permissible cruampiing stress,

Th2 graph of the persissitle cperating stresses/voltages for
diffarent carbon and allcy steels at temperatures mcre than 350°C is

given on Pig. 63.

Tha graphs ¢f a charge in tbe impact tcughness and limit of thse
strength of different steels in the dependence c¢n the temperature are

given on Fig. 64 and 6€¢.
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Fig. 64. Changes of the impact toughness of steels in the dependence

cn the temperature.

Key: (1). Impact toughness, kgscm2.

Fig. 65. Change cf limit cf strenyth of steels in dependence cn

temgerature,

Rey: (1) kgf/mm2,

Page 150.

With the work of apparatuses cr their fparts cn compressicn

either buckling is ccnsicered also the effect cf elevated

amparatures on the starility ot the walls cf apparatus or part




DOC = 80040208 EAGE t el
338

itself by the mothod of reducings/déscending ccmputad value of the

yield point and modulus cf elasticity of material.

The graph of a chapnge of the yield foirt in the dependence on

the temperature for the ccommcn carbhon steel is shewn in Fig. 66.

The graph of a chance of tine modulus of elasticity in the
depandence on the tamperature fcr the common carkcn stasl is given in

Fig. 67.

Taking in*o acccurt the effect of ccrresicn on the strenmgth cf
apparatus, usually increase thickness walls Lty value C, taken within

the limits from 1 to 3 mum.
§ 29, Nonfarrous metals and alilcys.,

For manufacturing different parts of apparatuses and vessels are
used extensively nonferrcus sstals and their allcys: copper, tin,

aluminum, zinc, bronze, trass, etc.

’I;; parts, working mediuam c¢f which it is sea water, and alsc
par+s, which undergo the effect c¢f sea water and air, which contains

moistura, are manufactured frce tne red copper, the kronze, Ltrasses,

st¢c., Por the w2alded cr scldered par*s is applied copper sheet ¥3 and

pareeeyr——r




e RS T Sl gl el e 40

DOC = 80040208 EAGE 3343’9
M4, rolled bhrasses and crcnze LCel2, LSS59-1, L1€2, L9C, BrAmMtssS-2,
etc.; for the castings - ccgper, onronze and trasses of the

credominantly following Lkrands/marxs: BrCTs10-2, BroTs8-4, ErAmtsg-2,

atc,
Tubes from the nonferrcus ametal are apglied only pulled c¢r
seamless~-rolled cn GOST 494-%. apd 617-52, and copper-nickel - on

GOST 2203-43.

The basic mechanical properties of nonferrcus metals and their
alloys with normal and at different temperatures are given

respactively in Taktles 3S arnd 4(.
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Pig. 66. Change in the yield pcint of ccrmcn carbon stesl.

K2v: (1) kg/cm2,

Fig. 67. Change in mcdulus of elasticity of ccmmcn carben stesl in

dependence on *+emperature,

Key: (1) kg/cm2,
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Page 151,

Tables 39. Mechanical prcperties ct nonferrous metals and alloys.

() ») Mpeaea  {(3) TNipeaea () Ormnocarean. 1§ (> Mpeaea npe:xen THOCHTEAD:
"H:;';':: e \ npo?:uocm tefyuccm 'Duoe" Yaake- | "qf;";:fa"?‘?r';':a npoqauocm euyucm Hae yalie-
‘A cnaasa xa}.bu'.u* n/uu‘ , Ve }‘ AN CN1asa xz/ft'di “/“‘ e 3,
(s 24 (v) 7.0 (w) ww)i ré) _ 19 (a) 7 () 16 (x)
Meas 40—50 (1) 38 (9 6(r) i ToMmax 26 () 13 () “ (n)

17 (a) - 8(a) | 3 (/1) 30 (/1) 20 (n/7)
|
% Huxeas %09 7 42-32 (1) ‘% (5 28 (1) - 48 (a2)
) 4552 (or) | 14=21 (o1) | 35—40 (w)!  TITME 33 (w) 10 () 56 (w)
; . 52 (1) - 2@
(q/ 8—11 (m) 3-8 (») 32—40 (m) :
Aaomunnit 15-28 (1) | 12=24 (1) 4—8 (1) ! @ 32,8 (1) 12 (a) 35.5 (a)
9—12 (1) - n=as (| 3 36 (x) 1 (%) 49 ()
‘ . 68 (1) 48 (1) -
(70) , ,
Cauuen 1.1 I 0.5 68 i @*
‘ L favie 30—50 16 15—16
77 : v
| | —
( ) | Y n @ 36 (1) 24 () 15,6 (a)
2—=7 (1) | 7.5 (1) - ! aTviib 4 (0 36 (%) _
N ! J -2 | )
Hunx 10—12 (o) ! -— 40350 (0) i Mus8 ‘ 58—63 (1) l 5—10 (1) —_

Key: (1). Designation ané trandsmark cf metal cr alloy. (2). Limit cf
strength kgf/mm2. (3). Y1eld pcint kgfsaxm2, (4). Elongation per
unit length 6, o/0. (5). Desiynmaticn and brand/mark of metal or
allcy. (6). Pinchbeck. (7). Nickel. (8). Brass. (9). Aluminum. (10).

Lead. {(11). Tin. (12). Zinc.
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antinuation table 39.

[ llpeaea | llpesea | Ormocnteas-| (5D Mpenea n ; > -
u”.\::;‘p.:;::u:?:r“;j:la npo?mocm i(a vcn?yuecm | noe )’3'16"““'1 “Hua;::\,ea"%?;'_:ia l'lpO?lfIOCTll Ec&?:;m ?;:O;:.:;;t.
AN CN13BA “/’:‘..“2 i ) x:‘l'.x.;“, r‘}) ""oc/" ' Ha cnhnapa ’ xz/j,f('.uz | “zau: @ m;/eo 8,
| | 13/

. @ 25 (2) 18,4 (%) ! 49 (v). | Bpousa 2030 (a) 6.5 (a) 15 (1)
Flaryus 35 (w) 16,2 (m) 52 (w) j BeOU-3 55 (1) - 10 (1)
58 (1) - 10 (1) _
Bpouia
@ 35 (n) - 25 (1) | BpOLLI0—2 2025 18 2-10
jaryus 38 (m) 15 (m) 37 () |
44 (1) 18 (1) - Boonsa O
BpOLIS—4 20-25 ‘ 12 6—15
@ 34 (a) 15 (a) 27 (1) °
Darys 42 (u) 14,50 | 36=50 ()  ppouse &
62 (1) 42 (1) 4—6 (1) EpO®10~—1 20 14 3
@ | 3-5 @ 20 (1) 10—20 (1) Mes m‘o",“)
o< I S BT I B L R e
55 (1) 35 (1) ()
(15)
10 () 2 @) uauenne Gyxes:
A A
; (M) = sarku aft) — noayrsepanift
6 ipﬁnsl_ 9 50 (n/1) 25 (nfr) 20 (a4) ir)—ncpnun ((or)— orozmet?uuﬂ
P 60 (1) 50 (1) 1) — antoht (0) — 06padorannuii
Rey: (8). Brass. (13). Ercoze. (14). Garman silver. (15). Value of
j letters: (m) - soft; (t) - hard; (1) - cast; (ps/t) - semihard; (ot) -
‘ annealed; (o) - machined.

Page 153,

Tha strength of ccgper with ar increase in the temperature

0"

considerably is depressed and according *o exgsrimental data

4
3
*_ comprises:

Mpn temnepatype, ®C . . . . 20 50 100 150 200 250 185 367 451 336
bo ! 100 98 93 91 K3 79 75 66 Ol 33

' . Mpoasocrs, % ‘
|

1
A
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Allowable stresses fcr ccpper and brass in the dependence on the

temperature are given into tables 41,

For copper and trassing permissible tensile stresses compose

approximat=ly/exemplarily 670/0 ¢£ the allovwaltle stress fcr rclled

stock.

Allovablae stresses cn the tend for anncaled copper in the

dependence on the tewmperature are given intc taktles 42,

For the apparatuses and the parts, which work at temparature
more than 250°C, useyapplicaticn c¢If copper and trasses is not

tecoamended.

Tha results of the tansile tests of nonferrous metals at

diffarent temperatures are giver in Table 43,
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Table 41, Allowable stresses fcr ccpper and trass at different

ta2mparaturaes.,
1) L o | |
Teuncparypa, °C 120} 140 I(jOi mol 2| 2z 2100 2%)
| )
-—-ﬁf hd ‘ -
Jonycxaenoe nanpasenne 11 mean | 4401 4201 400 250! 360 31l 3m|300
Rx» Kx2/cud l |
Ilouycna}age Hanpsxenne 138 aary- | 5001 475 450 425/ 400 375'350 325
nn Ry, w2fcud !
Key: (1). Temperature, (z). Allcwacle stress fcr copper kgscm2,
(3) . Allowable stress fcr trass kg/cm2,

Table 40. Mechanical Properties of Nonferrous Alloys at
Different Temperatures

19)
Teunepa- 20 200 300 100
Typa, °C o D
(> [(¥=% ée"‘%. =gl &e @5’5_ g @53 i &
Mapxa i QY| = Q =, 23! m=.,
ave- | 353 38%(3E5( 35y S8n| 58y 2 B8
prara | 8571 22123 2F X 28122 23] &2
cedlcrilcedcrt|cef eS| o
L
oumie—2} 25 | 18 | 20 | 15 15 14 14 13
|BpAMuI—2} 40,, 60,4 20, By | — 32 - H -
J1062—1 38, 20, 29 - 28 - 10 -
$)Mexs 29| -~ -1 - 13,2 - 8.5 -
OLis—4 20 14 17 - —_ - _ -
Hinackcann 060INIICNO: 8 — INTOA 8 IEVA0; B — XATANMA; ©' — MALKNA; € — INTONH B ROXIAS.

Key: (1) Temperature, °C; (2) Brand of material; (3) Tensile strength
’ kg/mnz; (b) Yield strength , Kg/mm ; (5) Copper; (6) Sub=-

scripts denote: a -« cast in earth; s - rolled; r = soft;

e= chill cast,
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Tabla 42, Allowable stresses cn tne bend for z2nnealed copper in the

dependence on the temperature.

Temneparypa crenxn, flonyckaesoe Hanpmen
) h P °% )I!l u3rué Ry, xzuu’m’
{

120—140 4,7

141—160 - 4,4

161—180 4.2

181—200 4,0

201-=-220 . 3.8

221240 3,6

241250 3,3

K2y: (1). Temperature cf wall. (2). Allowable tending stress

kgf/am2,
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Table 43, Results of the tensile tests of nonferrous metals at '
different temperatures,
5 p we 4@.
w % Pealid ] o |2 Prafs aﬁ
Metaaa 2" éf—’.“;' 55 ‘E“i Mertaaa 2‘. gg': §§ '..'.g
I3 23°% in-l80s 38 (88%|47e]80
erlSEd sisj6Es eREESSEs |58
(¢) 20|3240] 34 | 70 0j160| 19| 79
Natyns, | 200{ 2690 | 35 | 70 () 75 (1000 24 | 83
oTom mennanj 400 | 1150 | 19 27 . 135 765 32| 88
npw W0°C 1 gog | 2y | 14 | 17 Lf:::::::h sto] 20| 39 o7
so0| 0] 7 | ojnem30°C 403} 125) 42| 99
510 55| 45 ) 99
04930 26 | 72 600| " 35| 42 | 100
(99 | 195|180 % | 6 ¥
Hueas, | 09| 480 31 | 67 20| 275| 40 | 74 5
orowwennui) 45513020 20 | 31 (9) | 8] 1718] 45| 72
npw 900°C s ! wosp | 15 | 25 Onoxo 10| 105} 45 | 82
80| 920 11 18 forowmenice] 153 651 41 97
1000 00| 1t | 15| "P0°CH w0} 45] 10| 12
: 27| 25| 0} O
0|lne| 5 7 1
(/0) | nzj 725 8| 15 - :
r— 150 7| 10 W) 20| 135} 31 | 100 l
omm,(euuuﬁ 247 225 6 11 Cannel 82 80| 24 | 100 i
npw 200°C| 3391 195 8 | 15 foromomennwpt| 150| S0 | 33 | 100 |
ws| 3| 2| afueei00°Cl 4951 4o 20 | 100 |
i 265 20{ 20 | 100 i
Key: (1). Metal. (2). Tensperature. (3). I1imit cf strength kgs/cm2,

(4) . Elongation per unit leanyth. (%). Contracticn. (6). Brass,
annealed at 500°C. (7). Alumirus, annealed at 350°C. (8). Nickel,
annealed at 900°C. (9) . Tin, anpcaled at 50°C. {10). Zinc, annealed

at 200°C. (11). lLead, anrsaled at 100°C.

Page 155.
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FPor manufacturing the saparate parts of apraratuses and vessels
cr for their coating are agplied ig the limited quantity nonferrous )
metals as, for example, rickel, aiuminum, zinc, tin, lead and so
forth, 2tc. Zinc is aprlied mainly for the prctectors/treads of
apparatuses, which undergo destruction under the action of galvanic
currents., Aluminum is used fci sanufacturing ¢f gparts sufficiently
strong ones and lungs ard just as lead, it car be used as the sealing

material.
€ 30. Iron casting.

Iron casting has sufficiently limited application in the

manufactuvre of the parts of shigkcard heat exchangers.

The cast iron in the majcrity of the cases are made frcwm gray
cast iron as densest ard least subjected to acticn of corrosicn, and
alsc possessing good castabilities. Cast ircn parts can be used fcr
the appafatuses, which wcrk under the pressure nct more tham 6
kgq/cm2, also, at temperature of working medium nct more than 200°C.

The use/arplication c¢f cast ircp parts fcr the apparatuses, which

undergo the effect of sea water, is not allowed, /assumed.

Th2 sizes/dimensicns cf cast i1ron vessels must nct exceed 600 anm

in diameter and 400 3 cn the capacity/cafacitance.
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The cast cast iron covers/caps, the drains of ccndensate and
cther parts of apparatuses and citferent fittings are made frcm gray
cast iron (on GOST 1412-t4) wncse tasic properties are given into
tables 44. A great use 15 the apparatus ccnstruction find cast irons

cf brands SCh18-36, SChci-44 and SCh28-4E,
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Tablas 44, Mechanical fprcperties ci castings frca gray cast ircn.

R, = Ry == 200 <+~ 250 xz/cx®.

For cast iron of averagesmean quality the allowable stress on

\e) i
727 3 . (€, -
: {Y) {Crpeaanpori6a, w.d®/ =
: W n;lo':eu':)cclrn .PI:::‘::;, Teepnocts np;: pa:groamm y gE
» Mapxa | sa asrab |0 Bpuuerzo|mesay onopasu, ua s S 3L
Ha pa3pus, P a= €=
3 Vyryna K2juus, | x2lnad, f) gge=
X He meHce | we uemes 600 300 [=8sy
Cuy12-28 12 28 143229 6 2 50
3 CY15-32 13 32 163—229 8 2,5 65
] CY18-36 18 36 170-1229 8 2,5 70
{ CuU21-40 2t 40 170241 9 2 75
. ¢ CYy24-44 24 14 170--241 9 3 83
- CY28-48 28 48 170—241 9 3 160
} Cu32-52 32 52 197—248 9 3 110
] Rey: (1) . Brand/mark of cast ircm. (2). Yield strength, kgf/mm2, is
not less., (3). Ultimate treakiny strengtl kgf/mm2, is not less. (4).
]
l Hardness acccrding tc EBErinedil. (5). Bending deflecticn, mm with
F?' distance between supports, mb. (6). Ultimate ccmfression strength,
kgf/am2,
Page 156.
' A change of the limit'cf the strength c¢f the bend of cast iron
{ in the dependence on the température acccrding tc experimental data
- is given in table 45,
t
l
)
; Allowable stress fcr tne cast iron:
3
E
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the bend can be accepted, in depending on the kind cf load and

surface condition, on f%tlel 46. L

Allcvable stress in cast iron on the ccmgressicn:
R‘ = GW'ié'/cu’.

] Addition +*o0 cast ircn wall tnickness accept C=7-9 am, f£cr the

i ‘ cantrifugal casting ty C=5 ma.
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Table 45, Ultipate braakinsy strength of cast ircn in dapending on

temperature,

)
Teuneparypa, °C 20 200 | 300 400| 5001 570

l"lpe.'}:.{ npounoctit Ha waru6, | 2350 | 2380 | 2360 2l90l 1810 | 1230
Kojcmd ’

Key: (1) . Temperature, 9C. (2). Ultimate breaking strength, kg/ca2.

Table 46. Allowalle stresses ¢cn the bend of cast iron in the

dependence on load and strtace corndition.

57
. Hanpaweune na waru6 R,, r2/cud
Poa Hafpyaxn 6ea anteinoRt (‘”c antciinol
. Kopkis - KOpKO#H
5) -
Cfn xoiinan 510 420
BoIPACTI0MAR OT HYJIR 10 MaKCH- 340 280
' M2abHOrO 3MauCHHA
Mcna‘lmmncu OT  MIKCHMaABLHOrO 170 140
OTPIMIATEALIOrD  3NAYCHHR 30
MINCHMIIBHOTO  OJIOANTEABHOTO
JHAUCHIA
Key: (1). Kind of load. (2). Stress/voltage cno Lend kg/cm2., (3)

vithout the casting skin. (4) with the castinrg skin. (5). Steady.
(6) » Increasing from zero toc maximum value., (7). Changing €rcm

maximum negative value tc¢ maxisum j(ositive value,

Page 157.

§ 31, Jointing mataerials {(jacking).

T Tt A T £ T PP
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As the jointing materials inm the heat exchargers are apgplied

different packing. Wher selecticg cf packing it is considered:
1) the character cf the pacxedé medium;
2) orperatingy pressure in the apparatus;
3) operating temperature;
4) the Aduration of ccnnécticp to the dissantling;
5) the quality cf fpackiny surfaces (smccth, rough);
6) the width of thke packirng;
7) the thickness cf ;he packing;
8) the force of the tightening of the belts;

9) the position of the packingy;

O‘.

10) external agency c¢cn the fpacking;
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11) the property cif sealing material (strength, elasticity,

coefficient of frictiorn).

In ess2nce all sealiny materials are sutcivided intc three

groups:

1. Nonmetallic pads - rupcer, paranit=2, cardtoard, asbestos,

P 2., Metallic packing, manuractired with pillar frcm metal or

allcy - ccpper, bkrass, steel, lead, etc.

3. Submetallic packing, whicn have getallic rounting/case
(brass, copper, lead, zipnc) and pcnm=2tallic center (asbestos,

rubber), or vice v=2rsa.

The mcst popular inciude tne tollowing sealing materials.

Rubber of the 2rd gyroug, averages/mean hardness from 7.5 to 11

kgscm2, I+ is commonly tvsed as the packirg/seal for the smooth flange

- joints, which are contacted witk tane cold and hot sea and feed water,

the aquaous solutions ané tne air at temperature frcm -30 tc +60°C
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and pressures to 3 kg/ck?, and with the cleth packing - *o 6 kg/cm2,

Heat-resistant rukter cf the 4th grcup cf average/mean hardness
with the cloth packing is applied for the temperatures tc 15C9C and

the pressure to 10 kg/ca2,

Oil-resistant rublter of the 6th group ¢f average/mean hardness
is applied for oils andé fuel/prcpellant at temperatures tc 60°C and

gressures *o 3 kg/cm2,

Plastic rubber without tane barmful impurities is applied for the
everyday apparatuses, irtanded fcr the preparaticn c¢f drinkirg water

and food,

Sealing rubber is sanufaccttired any form and any sizes/dimensicns
in the form of plates, ccrds cr rcund, square, guadrangular and
shared secticns/cuts. The tnicxness of rubber plates without the
packing is from 1 to 4C sm and with the cloth packing from 2 to 15

Page 158.

Paranite is the mcst jeneral-purpose and widely used sealing

material; it is applied tor packing the surfaces, which are ccntacted

i
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with the cold and hot fresh and sea water, the trine, the acids, the
alkalies, the water saturateéd and superheated steam, the air and the
flue gases at temperature tc 40(°C and pressure tc 15 kg/cm2.

g Paranit? is manufactured in the fcrm of shaets with size/dimensicn tc

1500 mm and in thickress frcm U.3 to 6 mm,

f Cardboard is applied f£cr packings/seals cf surfaces, which are
' contacted with the liquid prcgellant, the lubricating oils, the air,
the ventilaticn gases ané the arinking water &t temperature tc 90°C
and pressura to 6 kgsce2; cardibcard impregnated - fcr the surfaces,

which are contacted with the kercsene and the gasoline at temperature

to 30°9C and pressure tc 10 kgscaz,

Cardtoard asbestcs is appliiad for packipng the surfaces, which
are ccntacted with the kct yases, the gasoline and the kerosene at

temperature to 180°C and pressure to 3 kgs/ce2,

By fabrics cottcn, unbleached linen, by hemp ccrds with the
greasings by the red lead ciide and different mastics pack the
conna2ctions, intended fcr the lcw pressures, and the untreated or

slightly machined surfaces.

Copper annzaled is applied: brand M3 fcr packing the

cnonnactions, which are ccatacted with the saturated and superheated i
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- steam at temperature tc ¢50°C and pressaure tc 35 kg/cm?2, brands M1 - !

at temperatures to 350°C and pressure to 45 kg/cm2, and alsc for the
Freon, carbonic acid, bhct gases, tuel/prcpellant and cils at

tomparature tc 200°9C ana pressure <00 kgscm2,

Iron soft of the tyfrs Armcc 1s applied fcr th2 saturatad and

superheated steap at teéspsratire tc¢ 450°9C and pressure to 64 kg/cm2 I
and for cther corrode media at temgerature tc¢ 4S0°C and pressure tc

100 kgs/cm2,

-

Aluminum is applied for the media, in which is not dissolved

cxida of aluminum, and at very tkign and low temperatures and tigh

i rressures,

Lead is applizd fc¢r packing the conrecticns, which are ccntacted
with the acids, oils, liquid grcpellant, gascline at temperature tg¢

100°C and gressur2 *c 4C x3y/cam?.

Submetallic and riffled setallic packing are applied in the

derendence on their ccrstructicns/design for packing the connections,
which are contacted with the yaseés, the gir, the water, the
| fuel/propellant by oil, acius arnd the like at temgeratures of

£0=-250°C and pr=2ssure frca S tc €0 kgscm2, aré¢ they are estatlished

on smooth surfaces of the connecticns, which frequently uadergo




PR -

DOC = 80040208 PAGE a"’sv;
dismantling.

Tentative widths 2rd ctanickpesses of packing in depending on

their diameter are giver in Taole 47.

The specific pressuras, necessary fcr the deformation of packing
and that paximum perrissible, call their flattering, and alsc
specific gravity/weight cf the material cf fpacking are given ia Taktle

48.
Fage 159.

In order to detereine the conditions of nonextrusion of the
nonmetallic packing, pressea cetween the smccth flanges, they use the
formula

(D, + b) b3, > D,3p,
where D,-— bore cf packiny, cm; b - width of packing, cm; 6 =
thickness of packing, cm; ¢,— the specific pressure on the packing,
necessary for the d=2forsaticm, kgs/cm2; p - the design pressure of
p2dium, kgscm2; £ - coefficieant of the fricticn cf pad, equal to;

£=0.10-0.15 during treatsant V of the surface cf the flanges;

£=0.05-0.C8 during “reatmsent VYV c¢zi the surface of flanges.
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Table 47. Sizas/dimansicrs cf packing.
An age)-rp { 3» Hemetazanveckie, .w.u (3/ Meraaanaeckne, uu
HPOKARIKH, 1) 1)
MM UIRpHHa ToAUWHNS WHpHH TOAMUNKS
e/
Jo 100 5—6 {—1,5 J-4 1-2
100—-200 6—7 1-1,5 45 23
200400 7—8 1,5-2 5—6 3~1
(7)400—600 8—10 1.5—2,% 6—7 4-3
Caume 600 12~-20 2-3 8—12 5—6
Kay: (1). Diameter of cackiny, am. (2). Ncnmetallic,
Metallic, mm. (4) widtt, (5) thicxpess. (6). Tc. (7).
than.

Tablas 48. Specific fressures on tae packing.

1) Yaeasnoe 1aBACHHE HMa OPOKAAKY, (s~
Npoxasiounue o/ xz/cut - Y acasuuit sec,
uarcpuaiu scobxoawwoe 218 |  BulMAImWCE miu?
. aedopuanuu | pacnuounsaine
6/
Pe:m:l’a' ud 2.6 35 1.5
ﬂapa‘nnr 30 u 60 (2a% razos) 315 1,9
Kapro ’,') _ 20 - 1.0
Kaprou acbecro- 40 - -
F1V1 ]
ve/
Mcas OoTOMXKEH- 750 930 8,9
uas ( )
7Aeze3o wmarxoc - 1260 v,
Cemmen (2 - 110 - 1,3
Key: (1). Sealing materials.
kg/cm2, (3) necessary fci the defcrmaticr,
flattening. (5). Specitic ygravitysweight, t/m3.

am. (3).

1t is more

{4) the calling

(6) .

Rubber.

(2) « Specific pressure on packing,

(7).




poC = 30040208 FAGE

359

Paranits. (8). Cardboard, (9). Caraboard astestos. (10). Copper
annealed, (11). iron (scft). (12). Lead. (13) 30 and 60 (for the

gases) .
Page 160.
§ 32. Insulation.
Basic insulation, usea for the insulaticr/isolation of heat

exchangers, are given in Takle 49, containinc physical constants

insulation/isolation.
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L0

P2

Tables 49. Physical ccrstants of ansulations/isclaticn.

L (3) s %
(1) (») ®opmuyas xos¢pdnun- (Vq??zg-?
Marepuaa Bec enra ::C"T":'Lpo”" & ,i g
xxaa/u-4ac °C el
— Qo
X e
(57 B nopowxe 200 xzfud
Haweeas (DB wzoasunn 350 x:/.x8 X = 0,0695 + 0,000083 tep | 350

18D B wrykarypxe 400 xz/.u3 GD

(0) é B(%pomxe 220 x2/m

i}
Coseant B wioanumn 420 xzfadl A =5 0,736 + 0,000162 ¢, | 400
B wrykatypxe 440 x2'4d

/
(re/ Faaddnd ¢ acGecronumis] A= 0,016 -+ 0,000218 fcp

Tepuaas KOAhUAMIL 400
(ﬁ_) Fodpuponauntiic A = 0,051 + 0,000219 £,
s
Txaus acGecro- 1,6—2,0 x2lu2 A=0,106 + 0,000159 ¢, | 400
L) .
(#37 Kapron 3,3 x2ju2 /20N =0,135 + 0,000i6 ¢p | 600
acGecrosuit .
M( a:;:u 17¢) flpn roaunme
HANOANCHHLI 25 uu—T1.5 '“/‘"'3 A= 0,07 + 0,00012 top 400
HLIOREIeM 40 v — 10,95 x2'M
< 50 um—12,5 xejud
/
Ms'rpiz. Mon ToAuumE :
nanoanemsiit zg :: :";is{;‘,’;“ A =0,075 4+ 0,00012 ¢, | 450
i coscInTon 50 wu—13.4 Py
| )
‘3aecn {__ - cp puduer TEMNEPATYPS — CHAIALGEETCE M1 TEMAEPATYR TEAA0-

NOCNTE'S R HIPYKNOR NOPEPINOCTH CTEHNN,

Key: (1). Material. (2). deigyht. (3). Formula cf coefficient cf
K thermal conductivity A, kcalss-hour °C. (4). Temperature cf
o stability, °C. (5). Newell. (6). In powder. (7). 1In
insulation/isolation. (8). In Flastering. (9). Scvelit [99spC7 -

: sixture of Mgo, CaCO,, and asgestos). (1C). Thkermal., (11), Smcoth

with asbestos rings. (1:). Cecrrugated. (13). Fatric asbestos. (14)
[




4 DOC = 80040208 EAGE —ﬂ”
kgs/m2., (15). Cardboard (astestos. (16). %ith thickness. (17).
Insulation blanket, filled cy Newsll. (18). Insulaticn blanket,
€11124 with sovelit. (19). Heze - arithmetic mean temperature - is
composed of tamperatures c¢f beat carrier and external surface of 3

F wall.

Page 161,

Recently ever mcre wide accefptance cbtairs thz2 new means of the
insulation/isolation of mecnanisss, apparatuses and

conduits/manifolds - sc~-called FGV - the formed fired vermiculite,

POV is manufactured in the form cf roldings - the rectangular
plates/slabs with the siza/dimensicn 100Cx5CCx2C-S0 cf mm and in the
form of the rectilinear ana curviiinear shells with a length ¢f 500
mm, with thickness frce 30 tc 70 sz and in bcre from 30 to 420 mm.
For the diameters more than 13C-15C mm tc mcre expediently argly
poldings in the form of tne seyments which car te estaklished toc the B
tukbes of different diageters; furttermore, segments are transgortable

than shells.

. Tha specific weight of the mclded plates/slabs - 250 kg/m3, and

shells - 230 kg/n3,
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Th2 coefficient of tne taermal conductivity M cf articles, in

depending on mean temperature /, 15 determined frca the foraula

1 ). = 0,07 4 0,0002¢,,
b AR_kcal/mehoC,

1 Temperature stability c¢f articles tc 600°C, :
Th2 installation ¢t insulaticr/isolaticn by the moldings, which

have smaller specific weigat, iL ccmparison with Newell and scvelit

cf the isolated surfaces, is grcduced withcut the preheating and

requires only the small smeariny ct welds and joints. Work on the

4 g insulation/isoclation can be produced independent of the site cf

installation of the isclated articles.

| Tha use/applicaticn cf FQV as insulaticn in the form of soldings
makes it possible to ccrsiderably reduce the latcr consumpticn of

installation works, and tc¢ also lcuer the w2ight of

| insulationsisolation.

. As facing material for the iasulaticn/isclation in the smajority

of the cases serve sheets made cf galvanized ircn with a thickness of

:’i 1 am and sheets from aluzinum~-maynalium allcy.
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Page 162,

Chapter VI.

Calculations of strengtk.

Heat exchangers, as a rule, wcrk under fpressure or in vacuum.
The parts of heat exchangars, wktican are subjected lcads, are designed
in essence for the strergtn in degending on their material, operating

fressure, temperature and proferties of pediunm.

In this section are gavea calculaticn formulas and methcds of
deteraining the strong sizas/dimensions cf the tasic parts cf

different apparatuses and vessels, relied on strength.

The calculation of vessels frcm the ncnferrous metals and the
alloys is produced by the same calculaticn prccedure, as for the

steel vessels, in this cass necessary, just as for steel, to cecnsider

all mechanical properties of tie material used.

e e S TR A T ST Ay s o et o £

L g T 1 T TS N T T A = -
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The order of the presentaticn of material
approximataly/exemplarily corresponds to the sequence of the produced

stress analyses of parts,
§ 33, Calculation of cylindrical walls,
Thin-walled steel cylirdecs, supjected “c internal fressure,

The wall thickness cr cylinger or tube
s - m;’%_—’ +C ux, (213)

where p - design pressure, Kgs/cm?; takes as tke equal to the sum of
the operating prassure cf medaus i1n the vessel and hydrostatic
cressur2, if it comprises acre thar 2.50/¢c cf the wcrker; D, - the
cylinder bore, mm:; # - mpcdulus cf rasistance cf weld; it is accepted
cn Tablag 50 in the derendenca cn the construction/design of weld and
welding method; R, - permissiktie¢ tensile stress, kg ,/om2; it is
accepted in th2 dependenca cn tne temperature c¢f wall on Yatle 51,
and =he safety factors - in Taole 52. C - additicn torthe calculated

vall thickness, which ccnsiders corrosion, tclerances, ovality, etc.,

Em; C=0.18S with Sece>6 4s and C=1 sa vhen g, <6 ux
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Page 163. »
i
4
Tabla 50. Values of moduli of resistancz2 ¢ in depending on the form
cf wald.
C) ;
(1)Bua wea u cnocod cuapxn 3datenns ¢
(Wyunas razo- nau siexTpocsapka
o P\huxoaue wae € NOABAPKOA CO CTOPOHM BEpWHHLIL WBE 0,95
THROENE (BN, CBaPHBaeMbie C ORNOR CTGPOHM, HQ HMEW- 0.9

wHe CO CTOPOHM BepUMIN NOIKAJAKHM HAW KOAbU3, Nphac-
FaomHe K OCHOBHOMY MeTaaay no aceit lanne wsa

g
Fruxonue Ny, CRAPHBIEMHNE TOABKO C ORHON CTOPOHM
13) nponroanHme 0,7
E nonepe'insie 0.8
(W uromatiacckan esapka noa cavem dioca
%mmuue Wwisel ¢ ABYCTOPOHUNN [iPOBAPOM 1.0
TMKOBbE WBH, CRIPHBACHBIL TOILKO € OANON CTUPOHM 0.8
,+| (\_1) Koadduunenr npoanocta wea 1as mein '
PR NASHHOM LIBE TBEPALIM NPHAIOCM HIW CBAPKE MEALIO i 0.8

Key: (V). Porm of weld acpa weldiny method. (2Z). Values. (3). Manual

gas- or electric weldinrg. (4). Eutt welds with auxiliary welding frcnm

the side of arex/vertex cf weld. (f). Butt welds, welded on cne hand,
but which have on th=2 side cf the top of backingsklecck c¢r rings,
adjacant to base metal &ll cver weld length, (6). Butt welds, welded
only on the one hand. (7). lcngitudinal. (8). transverse. (9).
Automatic submerged-arc walding. (10). Butt welds with Lrilateral
ren2tration. (11). Butt walds, welded only c¢r the one hand. (12).

Modulus of resistance of weld rfor copper. (13). With soldered weld Lty

trazing metal or to welding by copger.

{
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Table 51, Values of permissible tensile stresses during the

calculaticn of cylindricezl esalls.

@T“"cm'?“ , R, ngzx [Qn)muanue

1 crenky, ° |

%
Q‘heuee 250 "
]
BOr 250 39 400 i
. By %)
£ ¢ epeTCR Ban-
(") Boace 100 ’_’; n .\cenp:mee JHave-
Ny HHe OTHOoWeH M

The lesignations: *% - the limit of the strength of metal to the
slcngation at tamperature ¢t 209C, kg /me2; < - yield stress of
metal a% temperature ¢, ky ,s,mm2; < - creep limit of metal at
t2aperature t, kg /mm2; m.»~ and " - safety factcrs in the relaticn
resp2ctively to the limits of strength, visccsity/yield and creep

(they are taken accordirg to Vatle 52).
Kay: (7). Temperaturs cf wall. (). kg/om. (3). Ncte. (4). It is
less. (5). Prom. (6). t0. (7). It 1s more. (8). Is taken small value

of relations.

Page 164.

Formula (213) is agplied tcr calculating thick-walled vessels,

which refer outsids Aiamet2r t¢ tone internal nct more than valus 1.S5.
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During the calculaticn c¢f the wall thickresses of the
cylindrical containers, subjected to internal rressure at normal
v. temperature (cistern ard ctaer vessels, which wcrk under ccnditions,
close to the body construicticrcss/designs), permissible tensile stress

is received as equal tc ']

R;=20,63, x3 san2 (214)

whers 3, - yield stress c¢r metal with the ncrmal temperature,

kg ,/am2,
Thin-walled steel cylinders, sukjected tc amkient pressure,
The wall thickness «f cylinder or tube

pD al .
s=22(1+ Y 1+ syogy )+ C o (219)

‘ wvhers p - external overpressure, kgscm2; D - diameter of cylinder in ;

light/world, cm; R, -allcwable comgressicn stress, kgscm2; [ - length

cf cylinder (between the erfective rigid attachments), cm; C -

addi+ion, cm; a - factecr, cttained experimentally.
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Tabla 52, Values of the safety ractors during the calculation of

cylindrical wvalls,

(*) Kospduusenrn 3anaca

(‘) Lnanuaps ceapune
ny

) O6orpepacssie raloM NpH HIMKUHH  HAH 2,0
OTCYTCTBHIl OTBCPCTHH :
WY Heoborpcpacubie ra3om npu HaananK orsep- 1.9
THIt Noa TPYGKH, 109KH B T. M.
5YHeoGorpesacunie razom NpH HaMIYKK Ha-
J€XKHO YKPCMICHHLX OTBepcTiit A1160 nNpH ux
TCYTCTDMIt

o)lrs SecwoBHKX TPYE

M\las rpyGonposoion

Key: (1). Cylinders are welied. {(2). Safety factcrs. (3). Warmed Ly
gas in presence or aksencs cf hcles. (4). Ncnheated by gas in

rresance of holes under tubes, small hatches, etc. (5). Unheated Ly
gas in presence of reliakly fastened/strengthened hcles or in their

absence. (6). For scamless pipes. (7). Fcr ccrduitss/manifolds.

Page 165.

Por the horizontal cylinders: a=100 - with the longitudinal seaam
cverlapping:; a=80 - with tne longitudinal sear welded or with the

cover plates from both sidas.

Por the vertical cylinders: a=70 - with the longitudinal sean
overlappings; a=50 - with tne ioayitudinal sear welded or with the

cover plat2s from both sides.
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Breaking stress in tne cylipdiical containers, cylindrical
contain2rs without rings ¢t rigidity whose treaking stress is lower
than th2 yield pcint, anc¢ the ovality of less than 0.05 D, rely on

stability with respect tc¢ the fcramula

E 2 3
P.,=W(+) Ks icM2. (216) : L :'

Cylindrical containers without rings of rigidity whose breakina
stress is higher than the yield point, and cvality less than 0.1 D,

they are designed frcm the fcramula

plp=: ‘;' I4=:' r \3 k&/cml (2‘7)
L+ (T)

Here B - modulus cf elasticity of material, kg/cm2; s - the wall
thickness of vess2]l (withkoutr addition C), cm; r - the mean radius cf

vessal, cm; p - Pcissor ratio; 3 - yield pcint cf material, kg/cm2,

The margin of the stanility ¢{ the vessel:

Pep
m—P

d4her2 p - external overgressure of medium, kgsczg2; m24 - for the

vartical vess2ls: @m)»5 - for the aorizontal vessels. ¥
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Page 166.
Thick-walled steel cylinders, subjected to internal pressure.

If the wall thickness cf cylinder exceeds 10c/c of the cylinder
tore, then its calculaticao is prcduced according to the fcraula cf
the thick-walled vessels:

s= SV REE 1) hCca, @18)

whera r - an inside radius of apparatus, cm; ¢ - modulus of
resistance of the weld; R;-— permissible tensile stress, kg/cm2; p -
internal overpressure, kgscm2; C - addition which during the
calculaticn of the thick-wailed cyiindars can ke placed of ths equal

*c z2r0.

If calculation is produced on allovwable stress R,, selected cn
the yield point 9, ther the wall tnickness cf cylinder will te

determined according tc the fcraula

— lﬂkR
s r( L 1) (219)

vhera 3, - yield point cf matsriai, kg /mm2,

Remaining designaticns tbhe same as in fcrmula (218).

Cylindrical wall, included between the rings cf rigidity.

t
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If the apparatus, wkich wcrks under the external overpressure,
is equipped with the rinys c¢f rigidity, then the cylindrical wall

between them works on tke bend.

Stress/voltage cn the bend in the cylindrical wall between the

rings of the rigidity:

—_— J—
’ s
,? = '-SP | 4 DS! 53 .
' 0.643.’.;’_’_’;21’_ V 3 —p? ks/em? (220)

vhere p - external overiressuvure, xy/cm2; D - diameter of cylinder in
the light/worlqd, 2:: S, - wall thickness withcut addition C, cm: fcr
valve apparatuses s;=s-C, zcr welded joints s;=¢(s-C); P -
cross-sactional area of the ring of rigidity (cm?2) without taking

into account additior C; pu - Ecisson ratio (Tatle 38).

Rings of the rigidity cf cyiind:ical wall,

Load on 1 running c¢s of the length cf the circumference cf the

ring of the rigidity:

pvV Dsy

q= == kg/CB.
0.6‘3"’"_/?23‘"

(221)

Page 167.

B e
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-+ Critical load or 1 runniny cam of the circumference of the ring
3E/
Po=-F kysco (222)

1 wher: E - modulus of elasticicty, kg/cm2; I - zoment of the inertia of
{ the transvarse ring cf rigraity, ca¥; R - radius of ring on the

. em.
neuytral line, ==
; Cri%ical load on 1 runaing cm of the circumference of ke ring

] of rigidity, supported at several goints (ccnsidering its part as

circular arch with the supgorted ends):

El [ 4x3 :
Po=Ta(a —1) xasca #9)

vhere a ~ a central angle retween the suppcrts cf ring in the
; fortions =
"=/ a=18C.
Reserve of resistancs tc the indentaticn of the ring:
mefxe 55,
Compression stress ian the ring over the diametric secticn/cut:

T Ry= qg_." kgscm? (224)

em.
wvhere D, - outside diaseter cf riny, se'g
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If ring is carried cut with taoe ellipticity, which does not
exceed 1o/0 of its ncminal becre, then the maximum bending mcment in
the ring can ke determinea accorditctg to Fedctcv's fcrmula:

wheres p - external overpra3ssure, ky/cm2; 4 - éistance between rings,

cm; r - ipnside radius cf apparatus, gg;
Stress/voltage cn the bend inp the ring c¢f the rigidity:
R’.=-‘%‘- kg/ce2, (226)

wvhere W - a general/cosscn/tctal acdulus of section cf the ring of

rigidity and adjacent tc it sbell (with a length ~15 cm), cmd.

Strength bending c¢f tne r2zaining part of the shell can te

disregarded/neglectad.
Total stress/voltage in the ring of the rigidity:

Royu=R,+ R, kq/cn2. (227)
Paga 168,

Tolerances for the cvalitj; ot welded cylinders are given in

Tabla S3.

A
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Table 53. Tolerances fe¢r tane covalaty of welded cylinders (acccerdirng

to the data cf practice).

Mpu gm MeTpe unannipa
D, uu

20 200 l 201—300 | 301-500 I 501—1000

V)
)Ilonycx Ha OBaan- 1,0 0,75 l 0,5
HocTs, % or D ’

1.5

Key: (1) . With the diameter of cylinder. (2). Tolerance for cvality

¢/¢c £rom D.
§ 34, Calcnlation of the dished toctoms and ccvers/capse.

Bottoms must have a grcfilesairfoil of elligse or curve, close
cne to the ellipse. The diagram c¢i constructicn by this curve is

given in Fig. 68.

Outside radius cof the transfer arc cf the tcticm
ro= Y 0.5 +hy (0.31)..)* + M—050s R (228)

An cu%side radius of the convex part of the bottcm

Ry ODPA R 03D (229)

wher2? D, - outside diametsr of tcttom, me; h - heightsaltitude of the

convex part of the bettce cn exteéraal surface, npm.
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R —————— e

Pig. 68. Diagram of the plotting of curves c¢f the dished bottcnm.

7 R T gt e P

Page 169,

The dished becttoms wnose differant types are shcwn in Fig$ 69,

70 and 71, must satisfy alsc tke requiresents, indicated in Table %4,
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” ’
(1) ne ngamad

X hhmnmummhmlguu
( navang yumn puvtc/mu

LHe menee 31D, no npﬂnm'\
Fts. 1. r,'s_ .
FPig. 69. Anachoic dished bcttca.

Kays: (V). Began transfer arc and tae beginning cf the cylindrical

part of the bottcnm,

i J Fig. 70. Dished bottcm witn access.

Fig. 71. Dished bottcm wsith nclies.

Key: (1). On the straigbt line. (2). Not less than 0.1 DH on

straight line.
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Tatle 54, Dasign specificaticns for the lottcas.

Q) YYPaccromnne ur Kkpag OTBLPCTUN

Bucora Q‘) @ U “p : q {
sunywiof | Buytpen- | Hapywimi @) 30(:3“ 10 Hi%aaa

acTH IHMWIal unit paanyc | paanyc ne- I 10 kpas Apyroro or6op-

nO Hapyk- | Bunyxaoh | pexoanok | awnma (no | otecpctHR TouKH
#OA MOBEPX- | YACTH 1HNWIA} XY CH IHNWA | npoexuny) | (no npoex- | 1azvsoro

HOCT®R Ra—s ry a wnn) orsep-

A cTHS

U 9 lo
HeQenee He (Jéaee He gee He menee | He |e>lce He wence

02 D, Dy 0.1 Dy 0,1 D, anaverpa s
He veHee MeHbUIero
22 QTBEPCTHA
Dy (npn neyx-
penaennnix
QTBEPCTHAX)

Notes: 1. Through hole sust pe arrangeds/located centrally.

2. Is not allowed, /assumed arrangement of holes cn transfer arc

cZ bottom,
3., On cylindrical part is allcwad/assumed drilling unit hcles.

Key: (1). Height,/altitude of tae ccnvex part ¢f the tottom over the
external surface of h. (<). Inside radius cf ccnvex part of tcttoan.
{(3) . Outside radius cf transfer acrc of becttcm. (4). Distance from
edge cf ho}e. (5). to e#dge ci pottcm (on prcjecticn) a. (6). to edge
of another'hola (cn frcjecticn) k. (7). pricr tc beginning of
flanging of through hole. (3). Nct less. (8a). and. (9). Not amore.

(10). Not less than diameter of smaller hcle (with

unfastened/unstrengthereé¢ Lcles),

j
]
i
i
|

go-rnaw——
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Page 170. ?
]
The wall thickness crf the dished bottomr is determined from the !
fcrmula
_ Dupy
s—mm+CM& (230)

where D, - outside diametsr of housing, om; p - design pressure,
kg/cm2 [ see valus of p tc tne rcrmula (213) ]Js y - f£crm factcr of the
bottom; values y in derending on tne value c¢f relaticn %& and of
character of weakening Lcttcm ty hclas -L%f-a:e given in Table 55; in
the latter/last relaticn ¥ - a distance frca the axis/axle cf bottce
to the axis/axle of hole, mm; d, d,, d, (Fig§ 7C and 71) - diameters

f holes, mm; is accepted greatest; R, - permissibtle tensile stress;

it is salected in depending ¢n the *emperature cf wall acccrding to

the data of ¥able 56: C - additicn to the calculated thickness: C=3

mm; for the anechoic bcttoms in caiculated wall thickness to 17 mm

b C=2 1m and for the bottcss, mancvfactured frcm steel casting, C=5 nm.
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Table 55,

Valua of the fcrm factcr of bottca in depending on its

EAGE 392

sizes/dimensions and arrangement cf holes.

(cutouts) .

2, For int=armesdiate values ﬁ; and 5

Ormmcuue : (3) ®axrop dopuis y

aliCOTH- 5) Jhina @) ARHWA € J330BHIMH #TH HHHEMH OTGCPCTH“N"
Anuwa ravxoro € OTHOUWCHHEM
ero amawe- | T (+d s;

TPy cMarpiusac- D . pa M

__"_ MOTO KaK "

Du raysee "5 | 0.2 | 0.3 | 0.4 | 0.5]0,6] 07
0.2 200 205|220 2,40 | 2,50 }2,75({2,9 ) 3,10
0.22 1.65 1,80 { 2,00 | 2,15 | 2,30 | 2,50 | 2,70 } 2,85
0.214 1,40 1.60 1,73 1,95 | 2,10 12,301 2,50 2,65
0,25 1.30 1,50 1,65 1,85 | 2,05 | 2,20} 2,40 | 2,60
0.26 1.25 1.0 | 1,60 | 1,75 | 1,95 | 2,15]2.30| 2,50
0,28 1.10 1.30 | 1,45 ) 1,60 | 1,80 | 2,00 2.20 | 2,40
0,30 1,00 1,15 1,35 1.50 1,70 | 1,90 2.05 | 2,25
0,40 0.75 0.9 1051 1,20 ] 1,40 | 1,60} 1,75] 1,9
0,50 0.75 0.90 1,05 1.20 1,90 1 1,601 1,75 ] 1,95

Notes: 1. WAnechoic" is called the bottom, which has no holes

fcrm factor is

determined by interpclaticno.

Key: (1).

(2) . Porm
anechoic.

aqual,

Page 171,

Ratio of the teiygntsaltitude of bcttom to its diameter,

factor.

(4) . bcttom witn tnrcugh or other hcles with relaticn.

(3) . tcttca anecncic or of that considered as

—— —— — .«—,—:- — o~

{5).
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The wall thickness c¢i tte spherical bottcm

pr
s==20°R‘+C MM,

where r - an inside radius cf sphere, wm; g, R, and C ~ the same as

in formula (230).

During the calculaticn c¢f the wall thickress of the bottcas,
subij=2ct to internal fressure at ncrmal temfparature (cistern and other
vessels, wvhich wcrk under ccnditicrs, clcse tc tody
constructions/designs), tae alicwacple stress takes as the equal tc:

R,=0,63, kg/cm2

where ¢, - yi2ld point c¢f matsrial at normal temperature, kgs/ca2,
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Table 56. Values of allcwanie stresses fcr calculating the thickness

¢cf bottoms and coverss/cags, subjacted to internal fpressure.

T ") (3)lonycxaesioe nanpawenue R, xz/su®
extieparypa 31— ) ®
°C % mTauMmOBaN- 298 MAOCKHX
crenxit &y, HEX IHROL AAR AHTHX AhuHuy KpHuex
) p b il 30
. (,)MCHCQ 250 2.9 4'4 3.2 1
(“\ {10) # o st
Or 250 1 400 3 nia LA
1 .25 o 1.4
¢ ¢ ) ¢t
() Bosee 100 I3 . Cad AP . % of
ree 135’ 0.9 T9' T4 T4 09

The designations: » - the limit of the strength of metal to the
elongation at temperature of 209C, kg /msZ; - yield stress of
metal at temparature t, kg ,mm2; o - creep limit of metal at

t2mperatura t, kg /nm2,

Rey: (1) . Temperature cf wall. (2). Allowable stress R, kg /ms2. (3). -j
for stamped/die-forged tcttcas. (4). for cast tcttoms. (5). fcr

fla*/plane covers/cCafps. 5

FOOTNOTE t, Is taken small value, ZNDFOCINOTE.

Additional requirements for the dishad bettcss.

-




DOC = 80080209 FAGE 382

1) Bottoms are considered as "“anechocic" in the following cases:

a) when the maximum size of the unfastened/unstrengthened
cutouts it does not exceed 4s witn the ccndition that the distance
Estwaen the edge of cutcut ana tha edge cf Ebcttcm (¢cn the prcjection)

comprises less than 0.2 D,;

b) when the maximum size ot the comfletely fastened/strengthened
cutouts it does not e2xceed 8s and the distance tetvween the edge of

cutout and the edge cf kcttcm (¢p the prcjection) exceeds 0.2 D,

Page 172.

c) when the maximum size of tne completely fastened/strengthened
cutouts does not exceed 6s and tne distarce between the edge cf

cutout and by the edge cf bottcez (cn the prcjecticn) it exceeds 0.1

D,;

2., The stamped edges of tnrcugh hole reinfcrcement ars nct

considered.

3. Holes in bottcms can be arzanged/located cut of zcne of

transfer arc at a distarcs not less than s frce end cf this arc.
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4, Hole in center c¢i flanyed Lottom ocutside can be carried out

ty diameter to 450 mm without special strengthening,

5. Height of cylindrical side c¢f bottoa B must ke equal at
thickness of bottom: tc 11U sm - not less than 25 om, from 10 to 20 am
- not less than 40 mm, mcr2 tanan 20 mm - acccrding tc thickness cf

bot+om, but not less than 50 nmnm.

6. Thickness of cylindrical part of bottcm must corresgcnd te
calculated thickness of cylaindrical hcusing cf vessel of the same
diameter. In this case the turned edge must ccmrrise not less than

C.9 thickness of bottcem,

7. Por welded bct+tcas intc depcminater ¢f fcrmula (230) is

introduced modulus of resistance of weld ¢, taken on 15ble_ cC.

Cished bottoms, subjected tc ambient fressure.

The wall thickness ¢f tie kcttco

1.4pDyy 231
s=—__‘.’WRJ +C MM, ( )

where R, - permissible ccaprassion stress, kg /mn2.

Remaining designaticns and structural/design requirements are

the sama as for the bottcas, surjected tc internal rressure.

Y — e T

- e APt AT S ¥ P P AT D R P GNP TN A e Y W = i 7 T

oot —————




DOC = 30040209 pace 38

Breaking stress ir thbe bcttoms, which wcrk under the astient

Eressur2, relies on stacilaity.

For the spherical tcttcms

: =2k (s (32)
Po=75i=m (7) Kascnz.
Por th2 hemispheric snds
Rk
Pop=7 :r,-" r\' kg/cm2, (233)
T+ (7)

Here E - modulus of elasticity of material, kgs/cm2; u - Poisscn

ratio; s - the wall thickness cf bcttem, cm; r - the mean radius of

bottom, cm; k;=1.5; k=40 - for the stampeds/die-fcrged bottoas from

the whole sheet; k;=1.1; k=20 - for the stasted/die-forged tcttoas

from the walded segments; X;=U.75; k=12 - fcr the tapped bottcmas of

the walded segments; 9 = yield pcint of material, kg/cm2.

Page 173.

& The margin of the stability of the tottce

m-ﬂﬁl>5' '
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vhera p - external overrressure, kg/cm2,

Plat2 covers/caps, subjected to internal fpressure.

The plate covers/cars, subjected to internal pressure (Fig. 72),

are designed from the fcrau.la

0,18P,(s? —a?) '
a=mic),[ °§, +1,48P.1g§]+

+ 52 i, (234)
where ¢ - stress/voltage in tane cover/cag, kgscm2; s - thickness of
cover/cap, cm; r - radius of a circle of bolts, cm; C - addition, ca;
Pg - load on all bolts, ky; a - distance frcom the axis/axle cf
covery/cap to the line cf centars of packing, cm; 4 ~ external radius
of the flange of cover, cap, cs; g - design pressure, kg/cm2; R -
radius of the spherical sagment cf cover cag, cm; & - modulus of

resistance of w2ld.

Allcwable strass in the covers/cap is selected cn the basis of
the safaty factors tc the elcrgation; for the limit cf strength

",=24, for the yield pecict n, = 8.
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Fig. 72, On tha calculaticn ¢f plate covers,/cags.
Page 174,

In the plate covers/cags the cutouts in diameter tc S0 =z dc nct
require reinforcement with tlte ccndition of the sufficient clearance
(not less than s) between tke edge cf cutcut and weld, which connects
spherical segment to the flanye ¢t coverscar. Hcles whose diageter is

more than 50 mm are suljeéct t¢ reicfcrcement,
Conical bottoms, subjected tc internal fpressure,

1. Vessel is found under internal gressure of vapors or gases.

Maximum tensile stress alcny the generatrix cf the cone:

’ D
R,= 2',(310,:0“ kgscm2, (235)

Maximum t=nsile stress ca th2 circular wveld of the cone:

e



¢
i
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. pD
R, = 47" (s—C) cosa

kgscm2, (236)

2. Vessel is filled with liquid to specific maximum altitude,
Pig. 73 depicts vessel with a bcre of D, conical bottom with a
height/altitude of h, ané central Ly angle Za, filled with liquid on

the heightysaltitude of cylindrical part, equal tc¢ h,.

Maximum tensile stress along the generatrix cf the cons:

R, =ity kyscu?. (237)
Maximum tensile stress cn the circular weld cf the cene:
with h,<h,/3
Ry =5 tyeors (I + k) k3/cn3  (28)

with h,>h,/3

R;= |2?" (s Ef)C') cosa Bk + 1) kg/caz. (29)

In formulas (235)-(239): p - internal pressure in the vessel,

kg/cm2; D - bore of vessel, cm; s - the wall thickness ¢f ccrical

bottom with the additicn, cm; C - additicn tc the cecrrosion, etc.,
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cm; ' - modulus of resistance of weld along the generatrix cf the
cone; #" - the modulus c¢f resistance of weld acrcss the generatrix cf
the cona; a - halvas central anyls in the degrees; y - the srecific
gravity/weight of liguid, kg9/cm2; h, - the maximuam altitude cf liquid
in the cylindrical part, cm; h, - neightsaltitude of ccnical tcttonm

em.
from th2 apex/vertex tc the Lases/rcot, &be

o
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Fig. 73. On the calculaticn of conical bcttcnms,

Page 175.

3. Vessel is filled with ligyuid above mirrcr of which cccurs
cressur2 of vapors or gases. In this case the calculatiocn is

conducted acccrding to fcrmulas (235) and (z3€), only instead of p in

them is substituted the total pressure of liguid column and pressure

in the vessel (kg/cnm2?),

&8 35. Calculation of flat/plans walls, ccvarsycags and Lkottors.

e

Flat/plane walls and ccversy/caps without the reinforcements.

Tha thickness of the rectangular wall, attached cn the rerimeter

(Fig. 74) —_— .
- ! s=053 )/ — 2 +C, ux, (240)
& Rb(l +F

whers p - pressure on tte wall, kjscm2; b - ssaller side of
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ractangle, am; R, - allcwanle stress on the tend, kgscm2, equal tc

3 for steel and '5—' for tae acnferrous allcys; here 3 =~ the limit

of *ha strength of material at cperating tesperature, kg/cm?2; a -~

larga side of r=ctangle, mm; C - addition, ar.

Ax ot
.
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Fig. 74, Fig. 75.

Fig. 74. On calculation c¢f rectangular wall,

Pig. 75. On calculation cf ellaiptical or oval wall.

Page 176,

The thicknass of the elliptical or cval wall, attached c¢n the

rerimeter (Pig. 75),

1.8p .
s=b ‘/ , +C ux, (241)
YL ey

where a - a senimajor axis cf elliise, mr; b - semiminor axis of

ellipse, nnm,
Remaining designaticns the same as in fcrmula (240),

Thickness of circular flat,/plane coversycars and becttoms (Fig.

(76)

s=d]/pR—':+C cM, ©(242)
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where d - a diamater of coverycap ¢r bottom, cm; p - saximun
operating prassure, kg/cs2; R, - allovable stress on the bend, kg/cn2
[s=2e formula (240) ); C - auditicn to corrosicr, cm [see forpula

{230) ]J3 p - coefficient, aqual tc¢:

EBr the covars/caps, riciuly ccnnected cr the bolts or attached

to the flanges of housing (Figy. 76a), and alsc for flat,/plane

bottoms, which ccmpose cna whcle with the hcusing of apparatus (Fig.

76b) * ee 0'162.

For the plates, rigidly attacned cn their ccantcur/outlire ... i

0.187.

For the forged (pulled) bottcazs, which ccmrcse one whole with

the housing cr welded wita 1t cutt (FigS. 76c¢ znd d) <.. 0.250.
For the covars/caps, which undergo preliginary bend frcs the
tightening of bolts, with the presence of the sealing projection on

the covar/cap or the flarnga c¢f tousing (Fige. 76¢) ... 0.300.

For the covers/cars, welded all over thickness to the internal

*

surface cf housing (Fig. 76f); in this case weld throat it must te
no+t less than 1.25 the thinnest wall thicknesses of hcusing cr bottem

ees 0.500,
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Fig. 76. On the calculation of the thicknesses ¢f circular flat/plane

covars/caps and bottcnms,

Page 177,

Th2 thickness of the rlat/glace stampedsdie-forged bottca with

the bent back 2dges, stbjected to anternal rressura (Fig. 77),

3=V g 4= (14 F) Jus,

(243)
whare p - grea* design grassucs, kgs/cm2; 9% - limit of the strength

c¢f material, kg /mm2; @ - pcre cf bottom, mm; 7, - inside radius cf
transfer arc from cylindrical part to the flat/plane, mm. Value r,

must be not less than 1,19 d.

Round plate with tnpe ncle 1n the center, attached on the
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external and internal ccntoursycutlines and subjected to bending by

the avenly distributed 1lcau.

Maximum strass/voltayse in tna plat=a:

Ran=h 5 kgscnz. (244)

Greatest saqging c¢f the fplate:

Fonm b I e (245)
maz Y .

Here q ~ intensity of 1lcad, kgscm2; r, - outside radius of plate, cm;
g ~ thickness of plate, cm; E - sodulus cf elasticity of material,
kg/cm2; k,; - dimensicnless vcltaye ratio, it is determined or Fig.
78, in depending on the ratic of an outside radius of plate 7, to a
radius of hole r,: Kk - a diasensionless ccefficient cf the
sagging/deflection; it is dstermzined om Fig. 79 in depanding cn ratic

Fo ANnd 7l

Initial data for the plotting of curves c¢cf the dimensiorless
voltage ratios and sagging are the fundarsental egquaticns of the
thecry of the bend of rlates:

1) momental equaticn for the meridian cut;

2) the =2quation of tne angle ¢f the tangent inclination of the

elastic line:

3) the 2quation of elastic line (=2quaticr cf sagging).

e e -
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Fig. 77. On *he calculaticn cf the flat/plane stampedsdie~forged

Eottams with the bent tack edges.
‘ Page 173.
Flat/plane walls, fastenea by spacing or anchcr Lelts.
Wall thickness during the even distribution of the fastenings

s=CVp(ad+ b%) mn. (246)

Wall thickness duriry the ponuniform distrituticn of the

fastenings
$=0,5C(d, + dy) Vp ux, (247)
4 t whera C - the calculated coefficient, taken cn Wable 57; p - great
; ! design pressuras, kg/cm2; a - distance between sfpacing cr anchcer Lkolts
in cne series/row (Pig. 80), mm; b - distance tetween the series/rcus

s cf spacing or anchor bclts (Fig. 8C), mm; &, dy, - distance Letween

fastenings (Fig. 81), mn.

.

 m—
L
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97 am
<06 / kl'.(1,12 P
3 -
245 - g aw 4
¥ / : /
fe— o
£a ( ;4
§QZ / 800 /
8 X /
) & ar ¢} nef 7
1 2 J & 5 ¢ t. 2 7 o 5 ¢
(‘_l) Comgweme 1,/ ry, (?) Umwouesae »y/7g,
rig. 78. Fig. 79.

Pig. 78. Value of coefficient of k; in depending cn relation cf radii

Key: (1). Coefficisnt cf stresssvcitage. (2). Relation.

Pig., 79. Value of coefficient ot £, in depending on relaticn c¢f radii

- n

Tsu

Key: (1). Coefficient ¢t sagyings/deflection. (2). Ratio. |
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Fig. 80. Evenly distrituted fastenings.
Fig. 81, Unevenly distrituted fastanings.
Page 1773,

Formulas (246) and (247) are derived
the walls pmade of steel tave lizat cf the
kg sam2. dith accomplishinyg cf walils with
strength of material their thickness nmust

multiplication of value £ cn 'VC?.
»

tv

Fig. 81,

intc the assumptions that
strength of material 3,=36
the larg=z limit cf the

te reduced by the

If the temperature c¢f tke ssdium, which washes wall, is more

than 230°C, calculaticn is ccnducted taking irtc account the

tamparature.

Flat/plane wall, reinfcrced ty stiffenirg rits (Fig. 82). A’A

nuprbar of transverse and longitudipnal edges,/fins, and also their
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sizes/dimension and profilesairfcil are selected fros the conditions
cf allowable stresses in thé material of wall and edges/fins. Usually

as *he adges/fins are ccrpsidereé¢ argle plates,

Calculation is corducted according to the greatest sidae cf

flat/plane wall.

Let us introduce tke follcwing designaticns: p - design rressure
cn *he wall, kg/cm2; a - larce sids of the rectangle of wall,
included between the edges/fins, cm; b - smaller side of the same
rectangle of wall, cm; b - height ¢f edge/fin, cx; % - length of
edge/fin along the greatest sids of wall, cm; B - width of band,
sgual to side of rectangls, arranged/located alcng the length of

, em
edge/fin 3, eee
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Table S57. Values coefficisat C.

; Q)
E - S}ﬂenu c @ Ycaonun paboti NAOCKHX CTEHOX
0,017 (9ar oMuBacMHX rOpRUHMI ra3aMH K BOROi CTEWOK, B KO-
A TOpHie BOCPTHBANTCS HA Pc3b63  PACNOPHLIE M AHKEDHHE
60ATE M PACKACHLIBRIOTCH
0,015 M law raknx w2 crenox, KO HE OMWBAEMHNX FOPATUMH r23AMH
0,015% (S)Jaa ouuBIEMBX TOPRYUMMA £33awH # BOJOH CTEHOK, B XO-

Topue BBEPTHIBANTCA 13 PeIb6E Pacnopiue HAH  AHKepHuie
GOATH € HAPYXKMbiM{ FadKavi HIH TOUCHBIMH [OAOBKAMH

0,013% (®f1an TaxKHx Ke CTCHOK, 1O ite OMMBACYMHI FOPAYHMH r23avH

- 0,014 (®)lam cTenok, CKpEnACHIINX TOALKO JHXCPHLIMH TPYGKIWK
0,013 (?Jlxu ICOMMBIEMHX TOPAYHMH F333MH CTCHOK, HMEIOILHX
HKepu, CHaGHEeHHbIC FAAKAMH H CKPCHARIOWHMA MIAHGAMH, NPH

STOM AHAMETP 1aPYXKIIOH cKpenamowed uainbuw pascH g pac—

CTORHHA MeXAY HKEPAMH H TOAWHAZ WAHOW PIBHA 2y TOALHHGE

CTCHKH

0,012 () Jias rakux we cTenox, HO AMaMeTP HAPYXHOA ckpenasiowsf

waii6u pagen 35 DACCTOAHHR MCHIY AHKEPaMH M TOIWMHA

wainGu pasuna %g TOAUWHIN CTCHOK

0,011 A\as Taknx Ke CTCHOK, HO AHAMCTP NAPYKHOA ckpeniaouted
2H6L paseit 45 PACCTORIMA  MCKAY AUKCPAMH W 1u3iiGOH,

TOAINNHA KOTOPOR PIONA TOAUIMHC CTCHKH R KOTOPaR npHKIC-

Nana K 3TON CTCHKE

Key: ({1). Values. (2). Wcrkiny conditions of flat walls. (3). For
washed by hot gases and water salls, intc which are screved in on
*hread spacing or anchecr otclts and are unriveted. (4). For the sanme
walls, but not washed ty aot jases. (5). For washed ty hot gases and
4ater walls, intc which are screwed in ¢r thread spacing either
anchor bolts with external nuts c¢r exact heads. (6). For walls,
fastened only by stay tukias. (7). Eor walls urreached ty hot gases,
vhich have anchors, equipped with tuts and fastening washers, in this
case diameter of external fastening washer is egqual tc 2/5 distances
between anchors and1 thickness cf washer is equal to z/3 wall

‘ d *hicknesses. (8). For the sage walls, but diameter c¢f external

1 fastening vasher is equal tc J/f distances tetween anchors and

{
A
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thickness of washar is equal to 5/€¢ wall thicknessas. (9). Pcr the
same walls, bu* diameter c¢f exterrnal fastening washer is equal to 4,5
distancaes betwean anchcrs and washer whose thickness is equal wall

thickness and which is riveted t¢ this wall.

Fage 180.

F, - cross-sectional area ci edge/fin, cx2; X,X, - centrcidal
axis of the section/cut cf the edge/fin; X1, - centrcidal axis cf
the section/cut of the tand ¢cf theé flat/rlane wall; XX - centroidal
axis of section of band and edgyes/fin; 00 - axisysaxle cf the Lase/rcot
cf *he band; lL - seccnd mcment ¢f area of edge/fin relative to
axis/axle X,;¥,, cm*; it is detvermined £from the tables for the
profilesairfoil accerted and tne size/dimensicn of the edge/fin; Z, -
distance of the apax/vertax of edys/fin frcm axissaxle X;%X;, ¢cm; s ~-
*hickness of rectangular wall, included tetween the stiffening ribs,

it is determined by fcrasula (240), cno;

Y, - distance of axissaxle X;X; from axissaxls 00
Yi=h+s—2Z, cu;
Y, - distance of axissaxle X,%, from axis/axle 00
Y;=0,5s cx;
F, - cross-sectional area cf the bard

Fy-=Bs cu;
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2 - distance of the neutral axis/axle XX frcm axissaxle GO

FY, + Y, cM:
F+Fs !

Z=
a, - distance between centers X,X, and XX
a,=Y, —2Z cu;
a, - distance between certers XX, and XX
a,=27Z—Y, cu;

Y; - distance of the outerscst filament frcm axis/axle XX

Ye=2s+h—2 cu.
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Fig., 82. On *the calculaticn of the flat/plare wall, reinforced by

stiffening ribs.
Key: (1) . On.
Page 181.
Load, vwhich effects on the edge/fin and the band,
o :
k [ Q=1IBp «kg. (248)
3

Greatast bending wmceant, which effects or the edge/fin and the

tand,

M= kgecn. T (249)

second moment of axea ¢f tand relative tc axissaxle X,X,

[&-fg;tuﬂ. (250)




)
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Second moment of area cf edyesfin relative to axis/axle XX
Iy=1I, +alF cx. (251)
Sseccnd moment of area cf band relative tc¢ axis/axle XX
Iy=1y +alF, cu. (252)
Total moment of the inertia ot edge/fin and tand relative to
axissaxle IX
I=15L41; cut. (253)
Stress/voltage, whicn appears in the 2dge/fin frcm the acticn cf
zoment/torque M,

R=4Y kg/cnz, *(254)

Stress/voltage, whtich appears in the band from the acticn of

mcment/torque H,
MZ
Ri==fr xg/cn2. (255)

Walls and reinforcements ¢f rsectangular vessels.

During determining ¢f the dimensions of rectangular vessels they

< use predominantly the relaticoshaps/ratics

B-VV;L=%B;H=%&

f
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E‘- where B - %he wid+«h; L - lenytn; H - height,saltitude; V - volume, :
r |
; Tha pressure of liguid ¢t the wall cf the vessel ‘
b

v p=085tH kg cm2 (256) E

whers y - the specific gravatyswerght cf liquid, kgycm3; H - height

cf liquid column, cm.




Cud
DOC = 30040210 page OS5

Page 182,

The wall thickness of the vessel:

_ 3p L2
s=V s qimr T C % (257)

wha2rz L - length of wall, or auistance ba2twean upright struts, cm:

d = height/altituda of wall, cr distance Lbetwsen horizontal

stifZaners, cm;
R,— allowable stiess cn tne bend, kgs/cm?;
C - addition to the ccrrosion, see

Th2 moment of resistance c¢f tne upright strut:

un
W = 57, <4 (258)

whers y - the specific jravitysweight of lijuid, kg/cm3;

L - distanc=2 between struts, cm;
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A - height of vertical wall, cm;

R,— allowable stress ca tane bend of the matsrial of strut,

. kgscm2,

At the calculated amcuwent of resistance is s2lscted th=

s rner e

corresponding s=c*ion/cut Of STILUT.

Leng+h of hcerizental stifrener or distance between
connac*ions/communicaticns, waicn fastzn horizontal stiffeners, in
the presence of on2 series/row ci norizontal reinforcements cn the

. height/altitude:

A
L=g ) B (259)

Leng+h nf lowar hcrizontal stiffensr or distancz bzatwean

conn2ctions/communicaticns, waich rfasten lower horizontal stiffener,

|

n the praesenc2 of two serias/rcws of horizontal reinforcements on 4

the haightysaltitude:

=4 W
l/ 1(H= ) (m+n) “ (260)

Length of upper hcrizontal stiffener or distance betwz2en

connactions/communicaticns, wnicn rastasn upper stiffener, in the

A2

presznca nf +wo series/rcws of ncrazontal ra2inforcements on the

height/altitude:

4 R W
L=—is V2T cx. (261)
2
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Page 183.
Here W - moment of resistance of acrizontal reinforcements, cm3;

h; - distance from tae pottom to the lcwer horizontal

element/c=211, cm;

h, - distance from the bottom tao the uprper horizontal

B elamant/cell, cm;
R,,1 an1 A -~ the same as in formula (258).

The distance between tha peauss/gullies under the bottom of tha

vessel:

N
{=1254s V ’7’ cM, (262)

where s - the wall +thicknass Of pottom withcu* additive C, cn;

. R,,1 and H - the same as in rcrmula (258).

WL e W N
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puring tha calculation of tae thicknasses of walls and Locttom of
wald2d rectangular vessel the mcaulus of resistanc: of weld ¢ it is
rossiblas nct to consider uader thse condition fcr the arrangepent of

weld at a Jistance of 1,4 Llignt/sgan be*wean th2 struts or the

beams/qullies where the tendiny moment has minimum absolutz value.

Pectangular chambers/cameras, subjected to internal [rrassura2.

The thickness of wall s c¢f rectangular chamber/camera is
detsrpined on *he stresses/vcltajes, which aprear in the angle of F
champer/camera, and on the stresses/vcltages, which appear in the

most weakened section/cut of wall (Fig. E£3).

for the first case

1.4 e ——— e ———
"WR Vm' +-F+V-6M.T®% ‘x' f

(263) B
For *ha sacond case ;

‘p M
Ry ,—.'——-,J{,R P (264)/
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Fig. 83. On tha calculation oi rectangular chambsars/cam=ras,

Page 184.

Here p - design pressure or mediuam, kg/cm?;

R - allowable stress, xgsca2 (it is accertad on tables 56);

M,—~: conditioral tenainy mowment in the angls of chamber/camsra
(r=f2rr>d to ths unit c¢f lenyth and to the rressure 100 kg/cm?),

de+t=2rmin=d according +¢ taz forumuia

2

—_——. 1.
‘=3 m+ 1 MA

M, — the conditicnal bsndang mom2nt in any placz of th=
designed side of chambsrscamera (referrsd tc thes unit of length and

+o the prvssur2 100 kgy/cm2), deversined acccrding *o the formula

~ |

m - half-wid*h 3in tne lijntywcrld of +he desiygned side cf




DOC = 80080210 Pace ¢/C

chambar/camera, nm;

! - half-wid*h ia the iijnt/world of the side, perpendicular to

that design=4, mm;

a - small distance frcm taec internal surfacs of side wall to the

axis/axla of weakening (nole¢ or weid), mm;

¢ - coafficient of strengytk of weld, it is accepted on tables

50;
¢t - coefficient ¢t Jeakening bore surface, egual to
t—d
?'='—7—.
whare ¢ - pi+tch of heles, am;

d - diameter of hcles, mm.

§36. Calculation of the unfastened, unstrengthened and

fas*2ned/strengthened bclas.

Tnfastencsd/unstrengthened holes.

Unfastened/unstrengtnened are considered: a) hole under the

rolling-out and the thread; b) nole packed with access or cther




T
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gates; c) the holes, inteaded for the connsction of tubes, branches,
bushings and the like cn the victuals, if the ccnstruction/design of
welds dnes not provide the jcant operation cf the welded

elemants/cells with +the vassel.

Th2 parmissibla greatest diameter of unfasten2d/unstrengthened

holes 9. will be detersined acccording *c the fcraula

k
d,=8,1 l/D,s( [— &) un, (265)

whare p _ bore of housiany, aw;
s - tha wall thickness of housing, omm;

k - r=al modulus c¢f resistaunce of vessel, detarmined in the
formula

k= pDy
(SR —p) s <099,

where p - design pressure in ta=2 hogsing, kg/cm?;
R,— permissitle tensile stress, kgf/mm2.

Page 185,

In all cas2s the greatast diageter cf ths
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unfastened/unstrangtherad nole must not <exceed

d, 06D, u d,-200 ux
Kay: (1) . and.

For the elongated hcles value 4, must be replaced by the length

of *he larg=s axis/axla cf oval.

In *he pr2sencs in vaessai ¢f the unfastened/unstrangthened holes
the hydraulic test must be prcduced under the pressure, which does
not 2xc2ed 1.5p, otherwisa of nol2 prelimiparily they must be

fastened/strengthened. ]

Fastaned/strengthened hclas. 4

Th: sizas/dimensicns cf tas rainforcemants of holass usually are
selacted from the follcwing relaticnshirs/ratios:
D>2d; b>2; s<25s,

vhere D - an ou*side diamster of fastening ring, cm;

d - bore of fasteninyg ring, ca:

b=0.5 (D-d) - the width cf tne rastening ring, cm;
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s - thickn2ss of tne fastaaianyg ring, cn;

Sy - th2 wall thicknass of housing, see C/77

Th2 outside diameter of the rastening ring is determined by the

formula:

D= dv(’n"f—cl)? +dcu, (266) ;

vhere d, - a diameter c¢if nole in anousing, com;

C - addition to ccrrosicn, co;

C; - structural/desijn or grcduction addition, cum;

¢ - modulus of resistance ci weld.

1 If reinforcem=nt ct hcle is fastaned tc rivets, then diameter
of reinforcing ring, determined according tc formula (266), must b2
increasad to nd, where n - number cf holes under rivets, intersected
by critical section/cut ¢i rainforcement, and 6§ - diamzter of rivaet

holes, cm.

2, Tf housing of apparatus 1s carried out unwz2lded or if with

wveldad housing weld intersscts cy nole, then in this case into
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formula (266) is substituteca moduius of resistance cf weld »=1,

3. I¢ to small hole is conngcted thick-walled tranch connection
without fastening finger/pin, then satisfactcriness of reinfcrcement,
imparted by branch ccnnection tc ncle, can be checked according to
formula (266), in this case instead of size/dimensicn of 4, is
sutstitut=2d bore of trarca ccnnection d,, and for size/dimension cf

sy, = height/altitud=s c¢f kramcn cona=sction, &qual to 2.5 (s,-C), cm.
Page 186.

4. If hole has not circular, but elliptical or rectangular form,
than instead of diameter of holz d; into forrula (266) is sutbstituted
its jreatast siza/dimension (with <xception ¢f case, presented in .
5) and r=spectively is aet2rminid greatest cutside dimension cf

rzinforcement of hole.

5. 1f on cylindrical housing is arrangad/located =21lliptical or
ractangular hole whose major axis perpendicular to axis/axle of l

cylinder (Pig. B4), then instead of maximum size of hole is

substitu+ad either its widin o ¢r nalf length /2, in depending on

that which of values is more.

§37. Calcula*ion of the rivsted saams.
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The diameter of rivets is determined on the empirical formulas

for the singla~sheet welds (overlagping or with one cover plats):

d=V55—0,4 cx, ' X267)

where s - a thickness of sheets, sce

Spacing of the rivets:

1) for the single-rcw wela (Fig. 85a)
t=2d 408 cx:
2) for the double-rcw weld with bussing arrangement of rivets

= (Fig. 85b)
=2-54+ 1,0 cx;

3) for thes double-rc¢w w2ld waith the staggered arrangemant of
rivats (Pig. 85c)
t=26d+ 1,5 cu.
Distance frem *he edjs Of sheet to the cen*t2r of th» rivet:
a=15d~1,6d cs.
Dis*anc® betwesn tne rows ¢f rivats with their bussing

arrangeaent:

a,~=038¢ cxu.

. Distance betwean the rows cf rivets with their staggerad
arrangem2ant:

' la; = 0,6¢ cx.

Co2£fficiant of weakenin; tae shaats:

t—d

“ TR e,
p=-==.

ool i e ekt
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Fig. 34, On the calculatica of tne rainforcemsnts of holas,

Page 187.

Th: force, which falls ¢n 1 cm of weld length:

P=22 yiicx, (268)

Key: (1). the kg/cam

vhere p, - high design pressure in the housing, kg/cm2;

D - bore of housirg, cm.

Tha permissible fcrce P must rot exce=4:

for th2 sirgla-row welds xgscm P<500

Por th2 double-row welds witn the staggered arrangement of
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F rivets P=390-950

Ebr the double-row welus with bussing arrangement of rivets

F=390-1000,

Specific sliding resistance:

Pt :
k= TR N K2 cMd, (269)

Xey: (1). kg/cnm2,
Parmissible specific siiding resistance for single-row welds

k€700 kg/cm%
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Fig. 85. On the calculation Of tae riveted secams.
Page 183.
838, Calculation of tutes,

Tha wall thickness cf the tuke

/
§ = g%'- +C cx, (270)

where p - maximum operating pressure, kxgscm?;

o A2 T E - OO ] ORIy o
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bore of tube, cm;

3,— limit of the strenytb of the paterial of tube,

for

Por

For

Thicknessas and outside diamatars of tubes ars accapted cn the

modulus of resistance ci weld;

addition *o the cvality, the corrosicn, etc.;

safety factor, ejual tc:

the liquidS.ccesees 4.5,

VADOCLee socecesconne Jebe

superheated stealisceee 7.1.

exchangars are not applied,

s [ressuris.

' Th2 rcecommended tvces for tae h2at exchangers are shown in

kg/cme?;

Tubas in wall thickness of Iéss than 1 mm for the ‘shipboard heat

standards in the dependence cn the internal diameters and the

Table

e o 1| YA ot {0 g, 3 M e e T A e
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Th2 pass2as of brancim ccnnsctions, welds, branches and the like
for the connaction of %uLtss to the apparatuses taks as the equal tc
“he intarnal diame*a2rs fcr the fittings, the fittings and ths
conduits/manifolds (acccrding tc GOST 355-53, Takla 59)vwhose strergth

must be sela2ctad in degpendinyg on conditional fpressurses according to

GOST 356-52.
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Tabla 53. Rscommendzd tukes rLor tae heat exchangers,
]
) Duaverpu
Hasuaucnue 1pyGox 4 Marepn, roct
_ pyGox (}y i () o)
2 ®
Das nolorpesareaeii Tonausa 17113 Craab(s) 30130
] Jan ROHACHCATOPOB H OXJa- 16/14 Menbxnog’"’) 2:03—43
; . Inteaei uo:mf‘ 1613 } Natyus® 494—52
B Jdan wacacoxiaanteaen 9 10/8 Menvxiop(®|  2203—43
1 1614 } 4’1317%@ 452
Nan nolprpesateacis soaw n 108 )
wacaa /% :g/ lg ’ .ﬂaryus@ 494—52
1]
Jar ucnapnreaeit ﬁl) 3632 Men(’z) 617—33
das nm.lyxouarpcnarencﬁ(Iz) 10/8 Jlaryus 494—52
DNas woiayxooxsaaunreaci(is) 10/8 Meubxuup@ 2203—-k4
lan 610X ansaparos W 16113 Me:u-@ 617--38
unerepn ¢ woorpesom (14
Jan 3mcemkos nolorpena 26/20 Me;u@ 617 3
Macaa ron.mua?nS)
dis manoverpos (1(.) 96 Men»@ 63
X2y: (1}). Designation/purpose or tubes. (2). LCiametars, mm. (3).
Ma+erial, (#). Por fu=l hz2arezs. (£). Stesl. (6). O

capacitors/condenssrs and coclancs of water. (7). German silver. (8).

For 0il coolers. (%) . Brass. (16). For preheaters of water and oil.
! {11). For vaporizers/evaporatcrs. (12). For air heaters. (13). For
air coolers., (14). Fer evaryday apparatuses and cisterns with

+ ' preh2ating. (15) . Por ccils cf prebeating oil and fuel/vropellant.’ i

. {16). For manometers.
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Page 189,

For the €fittings and tae ccanecting pisces of ths
conduits/manifolds, manutactured rrom steel, fressure conditional,
workars and test are given in Iable 60, and from the nonferrcus

metals - in Table 61,
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—I;ble 61. Passes conditicnal ror the reinforcement, the fittings and

the corduits/manifolds 4C3T 355-5¢ with thz limitation on a

Vﬁﬂ-c1—1158-52.

Onametpts ycaoBHHX Npoxoaos, iu ﬁ )

3 20 50 100 00 300 400 l 700
6 25 60 125 (225) | (325) | 40 £00
10 32 70 150 250 350 500 ' 900
15 40 80 175 (275) | (375) | 600 | 1000

Note. The valuss of the internal diameters, included in tae trackets,
it is parmitted to apply cnly in the excepticral cases for the stean

line.

K2y: (1). Diametars of ircsrnal diamesters, anm.

Tabla 63, Pressurss for tae r21nforc2ment and tha connecting pizces
nof *he conduits/manifolds wade ¢f the carbon steel (according to GOST

356-52).
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Jdamaennn, xzjcut (7) Navaenns paGoune Hanhoaiiune npu ﬂ)
] temnepatypax cpeast 8 C, x2/ew?
ycaonume npobuuic (sonoit e
,,(3 ) opu eff*ﬂega)fipe 20200 250 | 300 | 350 | 400} 45| 470
% M Pm | Pn Pu | P» P | Py P
t 2 1 1,0 1,0/ 0.7] 06| 06| 0.5
2,5 .4 2,50 2,31 2.0 1,8} 1.6{ 1,4f{ 1,1
4 6 4 3,71 3.3] 2,91 2.6/ 2.3] 1.¢
6 9 6 5,5/ 5.0/ 4,4} 3,8 3,5] 2.7
10 15 10 | 9,2 82| 7.3 6.4 58| 4.5
16 2 6 |15 {13 |12 {10 9 7
25 38 25 |23 [ 2 |18 |16 |14 |11
10 60 40 |37 |33 |30 {28 |23 |18 \
64 9 64 |50 |52 |47 |41 |37 | 29 ;
100 150 100 |92 |82 [73 |64 |58 | a5 ‘
160 2%0 160 (147 {131 [u7 e | ® | 12 '
0 300 200 (184 |16+ (146 |128 [116 | 9
4 350 250 230 {205 |12 |0 [n4s |12 ‘i
.0 430 320 (294 {262 |234 205 |185 |i44 if
bl 520 00 138 1328 292 [256 (232 |1s0 ’
P SRS 500 140 l410 J3ss [320 [200 |205 !

Xzy: (1) . Pr2ssures, kgsca2, (<). Eressures wcrking greatest at
temperatures media in C, kyscm2, (3), conditicnal. (4). test (by

wa*sr at tsmperatur2 lcwer than 1LL°C). (5). to.

Page 190.

T2sting the wall thicxkxness of tube *o the thinning with the bend
with a radius of is lass 3,54,

’.’S*L MM, . (271)

where s, - the wall thickness of tube after bend, an;

s - th2 wall thickness of tube to bend, mmg
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1
f
i
i |
8 !
:
L d,— outside diameter or tuoe, am; :
) {
: :
’ !
3 r - bending radius ¢f tuce, G@. i
!
' |
Testing tube to the pnend. The bending deflecticn of the tube: |
5 Gn ]
Yo=1353 F1 (272) i
f |
‘_ whars G - weight of tulte with iigquid, kg; 1
i
1
1

E {— distance between supgorts (diaphragms, tube plates), ca; |
is accept2d not morz thanm 1.5 a: j
E - modulus of elasticity cf the material cf tube, kg/cm2; :

'; I - the moment of th: inertia of tuke, cm*:
0
j I'= g (di—dv);

whara d,— outside diameter of tubke, cm;

cm
d,— bore of tube, see-

e

" -~
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Tabls 61. Pressures for tae reinforcement and the connecting fieces

of *he conduits/manifolds trcm the bronze, tkrass and copper.

Rasaenns, rzjcu? (1) Hasnennn paboane nanGoawwne npn
npoSwse (nozof Temnepatypax cpead 8 °C, xzf/cud C)
. ’“;’;""' nph reuneparype o 120 200 250
(%) | unxe 100(° 5) Prp (sf P Pa Ps
1 2 1 1 0,7
2,3 4 2,5 2 1,7
4 6 4 3.2 2,7
{ 6 9 6 5 4
10 15 10 8 7
16 . 24 16 13 - 11
| 25 38 25 2 17
. 40 60 40 32 927
64 96 64 — —
100 150 100 — —
160 240 160 - —_
200 300 200 - —
250 3% 250 - -

Kz=y: (1). Pressures, kgscm2. (2). conditional. (3).

test (by water at

temperature lcwer than 1009C). (4). Pressurss working gr2atest at

tamperatures media ir °¢, ky/cm2., (5). tc.

Baga 191.

* Yaximum p2armissible penaing d<flection cf tube

Ymar=2 with nn.
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Number of free oscillaticns/vibraticns of the tube:

m = 2—"- ]/-;‘; Koajcex. - (273)

Key: (1). 0SC./S.

: whars y, - a maximum beroing deflaction of tukte, cm; g=981 cmys? -

acceleration of gravity.
Tes* hydraulic pressure of ths hea*ting and cooling tubes of
apparatusas and quite heat exchangers is designated according to GOST

2029-52.

£39, Calculation of bolts and pins.

j Complete 2ffort/fcrce, wanich 2ffects on all bolts from the
irternal fpressur2 of medium,

Q=pF K2V (274)
cf Kzy: (1. kqg.

vhers p ~ the design pressure of medium, kg/cn2;
2
& F - area, limit2d ty tne centerline of packing, cmA.

’ Calculated <£ffort fcr cne toit with the arrangement of bkclts in
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*ha2 circumferance (FPig. B8o):

Py=22 iz, (275)

Kay: (1) . kJ.

Calculated effort/ficrce to tne most loaded bolt during the

arrangenent of bolts on tac e€liipse or rectangle with the relaticn c£

the sida2s of rectangle a/p<1.5 (Fig. 87):

Py=22E 2. (276)

RK2y: (1). kg. i

Page 192,

Calculat=d effort fcr one rolt during the arrangement of bolts
on rectangl=2 with the relatico ci 1ts sides a/b>1.5:
Py=kptr xe, 277)

K2y: (V). kq.

wvhere k - the coefficient of the tightening cf Lkol:t, which ensures
the lansity of connecticn wita tne compressicn of the packing:
k=1.8-2.0 at t2mperature ot medium is l2ss than 3009C; k=2.0-2.5 at

tamperatura of medium is lsss than 300°C; k=2.0-2.5 at temperature of

medium is morz2 “han 3009¢;
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Zz - number of bclts

r4 __j

ulq

where U - a perimeter ¢t the line of the arrangement of bolts, cnm:

for the circumference
¢ U ==Dy;
for the rectanqie
U=2(a’ + ¥);
for the ellipsa
U==V2(@+5;
t - distanc=z (space) ketween the bolts, cm, taksen t=(3.5-u£5do -
for oils; t=(4.0-5.0)d, - for tne vapor, the water, the air, the

fuel/propallan%;

! a -~ large side of rectanyle (semi-axis of ellipse) between the

canterlines of packing, cm;

a' - the same between the centerlines c¢f the arrangement of

tolts, cm;

b - smaller side cf rectancle (semi-axis of ellipse) betwesn the

axial lines of packing, ca;

T T e B Y = 1 Iy T AT T VAT -5 Y Y Y 0 O o S e et gt P e R M~ DT 11 457 T oSl S =1 A Y U s VO QT 0
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b* - th: same between the centerlines cf the arrangement of

bolts, cmg '

D¢— diameter of a circié ¢rf the arrangement of bolts, cm;

r - small distance from the center cf surface to the axis/axle

cf packing, cm;

dp - nominal diameter of the rol:
= s 278)
dy=1,13)/ —f.+o,5 cx, (

whare o,— limit ¢cf the streagth of the material of bolts,

kj/cm2;
n - safety factcr, takeb:

Far the precisely exscuted oclts and the bearing surfaces and
the sof* jcineing material, and also for the casss when it is known
that the material of bclits satisfies the tachnical specifications
.......... D 5
Por the w21l nachined ctclts aud *he surfaces and the soft ¥

jointing material .. .... 6.5
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for the bolts, not not completely which do not satisfy the

conditions, present2d wita #=65 . ... ........ 8
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d,
—1:' . Lttt :
iy -0 %
1,19 o 3_}.
LJ; -IT—-« SFI
9]
a‘——.

——0"
Fi3. 86, On the calculation cf the bolts, arrang=2d/located in the

circumnfarence.

Fig. 87. On calculation c¢f bclts, arranged/locatad in ellipsz or

rec*tangle,

3 !
! Page 193,
Stress/voltage in the stream of th2 bolt:
. R,-1,27-% K2lcat, (279)
[ ] .

Key: (1) . kg/cm2.

Py
cm

whera d,— diametar of kclt cn the female thread, see
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DOC =

Tha permissiblz lcaas any stresses/voltages for the sealing

bolts with th2 m2tric tnr2ad (without taking into account thsz
coefficient o€ the tiglkteniny cf polts) are given in Table 62,
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Tabl: 62, Parmissibl~ lcads aau str=sses/voltages for the s2aling

tolts with “hz2 metric thr:zad.

J;::Teal:p ﬂouﬂi:l(:cp : a !’Il' upaar:l{ 3:3 (i) ﬂ:’,“‘:;::: g M“OPQ" )’l’ zfnpp;:“e) )::IES)
eyl 5 ] 65 | 8 5 | 65 | 8
M8 12 9 6 .37 29 20
. Mi10 58 16 3 114 90 50
Mi2 140 1o 74 188 148 99
] Mia 256 202 135 251 198 133
M16 w“l 319 213 313 2% 165
v MIB 505 470 314 318 275+ | 184
F M2 863 .| 682 457 391 309 207
M22 1182 934 625 428 338 226
M24 1425 1126 754 449 355 239
m27 2048 1618 1083 489 386 °58
- M30 615 | 2088 | 1383 | su4e 406 72
. . M36 1162 3288 201 558 1 295
m42° 6067 4793 3209 591 467 313 x
Md48 8329 6581 3405 616 486 3%

Nn*es: 1, Tabls is givzn for the pclts from the ccmmon bolt matarial

wn

*.4 and Steel 20. Witk tne us:z cf cther materials the permissible =
loads and stresses/vcltages for the bolts must be changed with

rzspzct to a chaage in ths iimits ¢f +h2 strength of matarials.

' 2. With increase in teaperacur2 allcewalbkle strass in bolts and
pine must descend in acccrasance with incidence/drop in limit cof

r str=ngth cf material.

3. S=aling bol*s in iiameter 1l2ss *har 1Z mm fcr shipboard
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apparatuses are not apgliea.
4. Upon consid=ra*ica c¢i Lcrce of tightering of bolts
prmissiblas loads and str:ssessvolitages, indicated in table, must be

incr=as2d to coefficiert or tiyktezing of bclts acceptad.

Kzy: (1). Diam=ster of tclt'ao. (2) « Permissikle lcad in kg with n,

equal. (3). Allowable stress in Kjscm2 with n, equal.
Page 194,

Calculation of the tillet/shoculder cf rir (Pig. 88):

hihickness of the fillet/sanculuer of thz fin

cx. (280)

2y: (1). cm.

. Diametar of tha fillst/saculdsr of thz pin

d,-_-]/dz.;-%% cx.  (281)

Rey: (1) . cm,

Of uniform strength coanditions of £illzt/shouldsr and pin the F
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sizes/dimensions of filiet/shculdar must not te less

3> 5 dg> 1,4d,.

dare R,— allowvable stress 1in tne fillet/shoulder on the

shear/saction, kgycm2, ara accefptad R,=056 R,

‘Ree— allowable stréss 1n tne fillet/shculder on the warping, i

xg/cm2; it is received Rau=18 R.;

R.— permissitle tensile striess, kg/ca2.

Remaining designaticns toe same as in the calculation of bolts.

Th? minimum distarces tetvwesga the hclts for the unscrewing of

nuts normal fla*/plane Cp<a~ena wrenchas arz given in Table €3,

240, Calculation of flamngss.,

Thickness of the circular cast flange (Fig, 89)

“6Paz © (282
§= W+C¢w. ( )‘
Rey: (1). cm.
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Fig. 88. On +tha calculaticn ¢ tae fillat/shoulder cf pin.

Tabl- 63, Minimum distances bstwaeciu the tolts,

g

4 36| 4248
d 16 ,a'xo 12'14 16 |(18){ 20 [z [ 2¢ | 27 | 30

n |lanlas|wlas|s2|e0|60}7a|7s|82}02]106(119]132
N ty |30{35|39}48]'52|56|67|67]|80|60|89/ 98 114130)145
e tmtialsjisfoolnjasjosian]|30]|33]|36}| 41} 46| 50

Th2 designations: d, - ncaminal diameter of tclt, mm;

ty - distance between centsrs during the ramoval/taking of the

kry/wrench upward, mm;

t, - distance betwéen centers of bolts during the removal/taking

y cf kay/wrench to tha side, mn;

0‘.

¢ - distance frcm axissaxle ¢f bolt to the wall, mm. j

TR — e YT




DOC = 30040210 raci ¥BY

Pag=a 195,

Thickn=ass of circular welded flang=z (Fig. 90)

Palta—n1 1 .
s=B) =g +12 ox. (283)

X2y: (1) . ca.

Formula (283) should pe ajplied cnly fcr mean rressurzs and

diamaters, for other cases it 1s necessary *c use formula (282).
Y

Thicknzss of ths rectaagular (Fig. 91) cr cval flange
- 6P
! s=} Ru—ar +C cu (284)

Kzys: (1). cm,

k| Thicknass of the flcatingy flang3 (Fig. 92)

: - Pa
) $== 12254, | P 4+ C cu (285)

Testing bending stresses i1n the critical secticn/cut of flang=

(Fig. 93) can b2 producza accordiay to the fcllcwing formulas.
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Dr
Fig. 89, On the calculaticn o0f tane circular cast flange.
Tig, 90, On calculaticn ¢i circular welded flange,
Nt
SEE H7 K
¢

Fig. 91,

Fig. 92.

3n calculation ¢If rectanmgular flange.

On calculatior c¢f tlcatiny £lange.

A

Fiq. 93.

PFage 194,

On calculation ¢f critical section/cut of

flange.
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Banding stress in secticascut AB on the flange ridge

R5==§§%%Efésgﬁﬁlxdcxﬂ (286)

Xay: (1) . kgs/cm2,

Benling str2ss in section/cut AC on tha grocv: of the flange

R, =3P 2 —(r + 51 +1)]
»

TP K2[cad, : (287)

Key: (1) . kg/cm2.

Testing flang2 joint tc thée density is determined from the

formula
4
¢==t|/ —:?' (288) .

whers a{10 - for steel and trcnze;

a7 - for cast ircno;

era s - *hickness ¢ flanya, cm (in +he presance of grcevs in
9 P g

“h2 critical s2ction/cut tne calculated thicknsss of flangs must bs

increas2d at “h=2 d=zpth of groove);
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p - the design pressure orf medium, kg/cn2;

a2 - distance frem the centexr ¢f bolt hcle to the wall (flanging

¢r ring) ¢f tub=s {(arm ¢i p<snd), ¢I cm;
Pp - calculated 2ffcct/fcrce per one bolt, kg:
Zz - number of tolts;

D,— diameter of a circl: ¢t coupling flanged tube (critical

saction/cnut), cn;

k - coefficient of the tagyatening of the bclts (se

(1]

§39);
r; - radius of the cuter edge of grcove, ca;

i s, - thickness of flangye in the sections/cut throughout the

jroove, cm;

; S, - thickn2ss of tuts in the place of its coupling with tha

£lanje, cm;

Lo - radius of a circle ¢f the centers c¢f bclt holes, cnm:
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pocC

r - inside radius of housing (tub2), of cn;

D - outside diameter of flange, cm:

d, - Aiameter of tane center line of packing, cm;

d;—u bora of £large, cs8;

d - diameter of bclt hcle, c¢cm;

C - addition, cm;

t - distance between the oclts (space cf belts), ca;

3=0.43

[}

coefficient fcr tns filanges, which ars not subjecta2d load
frcm the pressure of the packingsseal (flanges with the packing,
which pass all over end surface from th=2 acticn of the tighteaing cf

kolts dno not test stressyvcltagye cp the tend) ;

3=0.6 - coaefficient for tas flanyes, locaded on the tend with the
action of the s2aling rressurec (fianges with the packing on the part

0of th2 ond surface);

% __allowable stress cn tae bend, kgscun2;
Ry="n

= e o 2
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whare 3,— limit cr the strength of material, kg/cm?;

n - safety factor, taxen

Ebr the steel flanges .............. 5—6

f5r the bronze and trass flaangyes - - - - ... 67

Ebr the steel and tronze casting.- - -~ - - - . 8
Page 197,

“The calculation of flanges for rollimg-cut, for thread, for
tivets or combinations cf thea 1s groduced acccrding to formula (283)

for the welded £langes.

Flanges for the brarca ccanactions ¢f heat exchangers are
accepted according *o GCS? to the rlanges in the degendence cn the
internal diame+ar and the ccnditional pressure (GOST 355-52 and GOST

356-52) .,

§41. Calculation of the tuoe fplates.




Ry

al

DOC = 30040210 race ¥YY

R
e ..t .

Th3 “ube plates are one of tae most critical parts of tubular
» h2at e2xchangers, Workiry condaticns of the tulte plates depend in
2ssence on designaticn/purpcse ana constructicn/design of heat

exchang=ars.

In th2 oractic? fcund use tne stated belcw procedure of
calculation of differert tuce [lates, based cn the theory of the bend 4
of platas taking into account the pgasic special
fzatures/peculiaritias ¢f tae desiyn concepts of h2at exchangers and

working condi*ions fcr thsir.

Let us introduce the follcwing conventicral designations:

)

-

p | p ~ design pressarec of medium, kg/cu?;
s ~ thickness of the tuoe glate, cm;

r -~ calculated parasztsr of tne attachments of the tube plate,

CRh;

s r, - radius of a circls cf kclt heles, cr;
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b - smaller side c¢f tae rectaagle, limited by the centerline of

bol* holes, cm;

b, - smallzr s3pi-axis of the =llipse, limited by th2 centerlire

¢f bolt holas, cm;

a - largzs side of th: rectanygle, limitzd by the canterline of

tnl+* holros, cm;

a, - somimajor axis or tae ellipse, limitad by the centerline of

tol* hcles, cm:

D,— diameter of tka center line of packing, cm;

o dy — outside diaretsr cf Tubes, cm;
P! !
i
| . n - number of tubes;
[
. t - space of tukes witn taear laying cut cn equilateral

) triangle, cm;

i o

- t, - spacs of =he arrangement of tutes in the seriss/row, cm;

tz - spac2 betwean the ssries/rows cf tutes, cm
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d, - diameter of ccmmecticnycommunication on the female thread,

cm;
Zz - numbar of ccnnecticns/comzunications;

ro— radius of a cigcle cf tae arrangement of

connac*ions/communicaticos;

c; = distance between the cen:ierline of tolt hecles and zxtreme
serizs/row of connecticns/ccmmunications, arrenged/located alcng the

larga side of ractangle cr <lligse, cm;
€, - 1listanc= between tlie series/rcvs cf
connzcticns/communicaticns, arranyed/located alcng the large side of

rectangle or =llips2, cm;

c3 - distance betweean ccnnéctions/ccmmunications in the

s2ria2s/row, cm;

L - calculated bond lenygth (distance betsezn the planes of

framing), SCQ,Z"

e
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Page 198.

Fig. 94, 0On calculation ¢f circular tube piate, not reinforced by

connactions/communicaticrose.

K2y: (1). opa2nings.

Fig. 95. On calculatienr c¢f ciccular tubz plate, reinfcrced by

connactions/communicaticas.

Key: (1). openings. (2). op2nings zor ccnnections/compunicaticas.

Page 199,

Th2 thickn=ass of tae carcular, r2ctanqular and elliptical %ub2

platas, no* reinforced ard reinfcrced by ccnnecticns/ccmmunications,

clnau M30
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is dstermined frcm th2 tcrmula:

—ry/ T
s=ry J5+Ccn. (289)

The calculated paraseter ot tne attachment of tube plate r is

selected on fablas 64 i depénainj on form and methcd of attachment,

Ccafficiant ¢, which ccnsigders tha methecd cf —he attachmsnt c
—
the tub=2 plate in deparding cn its form, is selectzd on tables 65 and

6h.

Q".

e Mt

-
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tablz 54. Valus of th=2 calculaced parameter r.

A Popua 1 cnocob 3axpenaenna rpySuoft pocxn ﬁ) ’
Dam kpyraot Jocku. ne noikpenaexquodt  (puc. 94) ry
W noaxpenaennoit (puc. 95) casIsuK [,23
DOan npswoyroasgoft 10ckw, He noikpenachuod cssa- 5
. Inun (puc. 96) 6)
Oas anannrtusecxkift Jocky, Re noaxpenaentoft cas- b,
i S (" )
s npamoyroasucit (puc. 97) nan aaauntiaecxoit zockn, €, MAH g
nOAKpeHACHNON AHKCPHBIMH HIH PACNOPHLIMM CBA3RMM
1 (npuiuMacTcs 60anWAR BEAHTNNHA) [‘g

K2y: (1) . Form and methcd of tne attachment cf the tube plate. (2).

For circular panel, not reinforced (Pig. 94) and reinforced (Fig. 95)
by connp2ctions/cecmmunications. (3). Por rectangular panel, nct

r2inforced by connscticns/ccmpaunications (Fige. 96). (4). For

elliptical of panel, nct reinfcrcad by ccnnecticns/communications.
(5) . For rectanjular (Fige. 97) cr :1lliptical fpanel, reinforced by

anchor or stays-tolt (is accegted righ valus). (6). or.

0"

Fi 3. 96. On calculatior cf rectanyular *ube plate, not reinfcrced by
connqcticns/cdmnunicaticns.
op2nings. (2). Inickaess.

Zey: (1)«
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Fage 200,

2695

o

§1000m8.4 1% - . .1

Fig. 97. On calculation ¢f rectanjular %ube plate, reinforced by

I - \
connsctions/communicaticns.

Kay: (1). Thickn=2ss. (2). opeanings for ccnnecticns/communicaticns.
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(3) . openings.
Page 201,

The values of coefficient OL ¢ are given as average values for

ths supported and jammed gplate.

Tha cosfficient of waaxening the tute plate ¢ is determined frcm

the follcwing formulas,

puring th=a laying cut of tubas on equilatsral triangl=

a2 o )
p=1—0,905-;. (290)

During- the corridecr or checkered laying cut of the tubes

a
9=l—0,285'z'. (291)
Th2 values of ccefricient ¢ in depending cn the diameter of

tubes and their space, tkat bave yreat uses/application, ars given in
1 ]

Table 67.

Coefficient e, considering a change of the specific load on the
tube plateiin the d2perdence cn the diagram of heat exchanyer, is

determined on‘f%hlés 68,

L




*
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race Y52~

cf ccefficient cf @.

$opua u cnocol xpenrenns TpySaod 20ckm (7) a)3uneuue ¢
[
Oas xpyrsoR 1ocuxe, we noaxpenaeuHodl CBA3AMH 0.5
(puc. M) 3
Haa «pyraod aockd, nopxpenjewnoR aMkepHLimMH HAW 0,75
pacnopubiMn caaiaun (puc. 95) (4) @
Dan npamoyroasHOR 10ckH, HE MOAKpPENAeHHOR CBA- Mo ra6a. 66
38MM, 3HaYenHe § BHOHPEETCE B 33BHCHMOCTHK _OT OTHO-
meuMs CTOPOH NPAMOYTOALHHKA afb (pHc. 96)('5)
ﬁ}!nl SARMOTHIECKOA 20CKH, HE NOAKPENAEHHOR CBAINMA 1,8
b=""257 o
-—— o e
L+ 3ai A
DNam npasoyroasio u aaaunTHUueckoB 3J0cKM, nNOA- Mo raéa. 66
XPENACRHOR FHXKEPHNME WAH PACROPHLIMM CBA3AMM, IHA- o
qemue P BUOHDIETCA B JABHCHMOCTH OT OTHNUIEHHA CTO-
POHN NIIPAMOYTrOAhHIKA 4 HAK NOAYOCH 33AKACA @, K pac-
crosiune ¢y Wi ¢y (X GoasweR scauumue), pHe. 97 f

Key: (1). Form and maettcd ¢f fastening %*he tuke plate. (2). Value,
(3) . For circular panel, anct ra2ipfcrced by ccnnections/communications
(Fig. 94). (#4). Por circular panéld, reinforced ty anchor or tracs
connactions/communicaticns (Fij. 93). (5). Fcr rectangular panel, aot
reinforced by connecticnS/ccmmﬁnications, value of %’is s2lected in
depsnding on rzlation cf sides cf rectangls a,yt (Fig. 96). (€). On
tatles. (7). For elliptical jane€l, not reinfcrced by
connections/comaunicaticns. (3) . Fcr rectangular and elliptical
paral, reinforc=d4 by anchor c¢r stays-bolt, value cfy is seslected in
d2pzndiag on ra*tio of s=1ds: of recrangle a cr semi-axis of 21lipse a,

+0 Aistarce of ¢, or ¢, ({(tc largjar valu=), Fig. 97.
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if
. Tabla AA. Value cf ccefiicient ctty for the rectangular and
b =1liotical par~ls in depenuang ¢n che ralaticn of their sides or

semi-ax=s,

4 se201,0 m‘n.z 1.311,4 1.5!1.6‘1.7 l,slw 2.0‘3-0|4-°|5-°
€ ¢
: : o cdlo.ed
é . ¥ o.mlo.m!o.mo.nlo.uo.nlo.mlo.sl 0.5310.550.56|0.5°i°-52‘°'53°»63
3
4 Page 202,

Table 67. Value of coefficient ¢.

dy, MM )17 = 16 10
;—.-x_o.gos‘g" ¢ 12220 212513135
g |0.460,42 (0,474} 0,52 | 0,42 |0,465|0,517
o | 2| % |%]%[15]15]1s
9=1.—0.785,‘—,;' 19| o} 2t ] 2 25! 13 |35
¢ | 0.460,615(0,635 0,65 | 0,583} 0,595 0,61
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Tb’-‘ (E ‘,g' Value ¢f ccefricient
_

Cxema Ten1006MeHHIKA H NPHAOKEHHE HATPYIKNK 3nasenne ¢
? OF ¢
Jaa rpyGunix 10coK 106uil popust ¢ aytxom V-o6pas- s=1

HeIX Tpy0ok {puc. 98) uan nysxkom npaMuix TpySok, oaHK
XKOHEU KOTOPHX 3aKPeMieH B HENOABHXHOR, & BTOpOH —

8 naasaloweit TpySHoit iocke  (puc. 99) npu aedcTsun
| HATPYIKI € M0G0 CTOPOMLS (3)

- Jan kpyrasx TpYGUMX 10COK C NYSKOM ApPAMWX TPY-
60K, 02N KOHeWl KUTOPWX 2AKPCILICH B HEIOADHKHOMN,
3 BTOPON — B NOABHKMOIN A cAibunke TPyOuo# 3ockn,
cxpenaennoi ¢ xpuiukoi (puc. 100)

(®

a) upn deilcTiii HArPYIxIt CO CTOPOltH KPullliex 1=1
2
6) npw  ACICTBRM  HATPY3IKM €O CTOPOHH MeXTPYS- ¢=l—i"f-
HOTO MPOCTP3NLTaa D;
: Jdas kpyraux TpyGHHR 10COK C NY9KOM APSMMX TPy- 2
60K, JaKpenmieHiX B 2BYX  HENOABHWKNLIX TPyOHMX dyn
. 30cKax (puc. 101) uas 0auoR i3 1M, NGIRIKNCIE B CINL- ew | — 3{
HHKE, HO He CXpenacHioi ¢ kpuwwkoi (puc. 102), npn ]
: eiicTaNnn HArpy kK ¢ 31060/ CTOPOIL
das  npawoyroibneix TPyGHMX 10COK € MPAMBIMH 4"'"
1PYOKAMN, JAKPEMICHHLMA B IBYX HENOABIKHBX TPys- | €= 1—0.795—7
HBiX Jocxax (puc. 101), npu zeAcTsnu Harpyaxs c aoboi a
CTOPOHB 6)
Han aauntinecknx TpyGHLX 20COK C NPAMHIMA TPY6- 2
KIMH, 33K]EIICHIWMIE B 1BYX HEMORBHNHLX TPYyOHuWX i dn
aockax (pre. 101), npu  1eiictsum warpyaxn c 1oGod ¢ns ]l — 14,5,
cTopONN 1

The d2signa+iors: a and t - siue or ths rectangle; a, and b, =

s:mi~-axis of =1lipsa, they ars accspted to the czanter line of

racking.

K=ys:s (1) . Diagram of heat axcmanyar and load application. (2). Value.
(3) . Por *tuba vlatas cf any £c¢rs wi*h bzam cf V-shaped tub2s (Fig.

93) or by pencil of straignt lines tulss whese cne end is attached in

..‘

- fixed, and by *he s=core - 1n rlcating tube glats (Fige 99) unda:
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effect of load from any side. (4). Por circular tube plates with
pancil of straight lines tuktes whose cne end is attached in fixed,
and by the second - in acpile 1p gasket tubhs plate, fasten2d with

cover/cap (Fig. 100).
a) under *the effect of lcad from the side cf covers/caps.

b) undar the effact of load from the side of inter-tubz space.
{5) . For ci-cular tub= plates witvn pencil of straight lines tubes,
attached in *wo fixed *uta rlates (Fig. 101) cr onz of them, mobile
ones in gasket, but not fastened with coverycap (Fig. 102) under
effect load from any side. (6). For rectangular tube plates with
straigh%/diract tuk2ss, attacked in two fixed tube plates (Fig. 101),
under effect of locad frc¢m any side. (7). For elliptical tuba plates
with straight/d‘rect tukes, atcached in two fixed tube plates (Fig.

101) under offect of lcac¢ zrom arny side.
Pag=2 203.

For the d2sign pressure of medium p is accepted the largser
pressur2 of working medium, wonich effects on c¢ne of the sides of the

+ube pla+-=.

For vacuum capacitcrs the design pressure increases by 1 kg/cm?,
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wvhich considers the grzatast gossicla vacuum in ths

capacitorscondanser.

For the vartical tuke rar«s at their relatively larger
dimensions ard weight ancg icw pIessurss c¢f wcrking media the design
rrassur: increasas by tie tctal waigh*t of tubes, if it comprises more

than 100/0 of the load, created a gressure cf medium.

For the circular tukte glates, reinfcrced by anchor or
stays-bolt, dasign pressure p takss as *he zqual to the given
specific load p',, determinsd according to formula (296). For the
rreliminary determinaticn of tne toickness cf the tube plate from
formala (289) t2ntatively 1t 1is accepted:

p.==(0,5-+-0,6)p xz/cad. (292)
Key: (1). kg/cm2.

Full load from the fpressuce oi working medium on the circular
tube platse

Q=0,785Djp «.
ky Key: (1). kg.
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Fig. 98. Diaqram of h=2at axcaonaanyer with the V-shap=d tubes.

floating tube plat:z.

rig. 100.

COV&r/Cap.

Fig., 101.

plat:‘.‘s-

Diagram of heat excnang2r with mobile tube plate and

Diajram of heat =xcaadysr

Fig. 102c

cnvar/cap.,

Dtagram of hsat asxcaanyer

with twec s=curzly fast=ned tube

with mokile tube plate and fixei

Rl
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Fage 204,

Load, which falls tvc tane arcnor s*ays, arrang2d/locat=d c¢n thsz

circular tube plats,

A—r
P,: =p (ry pdd

re
8 {[-—2@ I +—'2— (1 + ',?)(r?—f) ] + P—_f_o’(?:‘) }

x2. (294)

Load, which €falls tc¢ tuks platse,

P,=Q— P, xa. (295) .
Reys: (1) . k3.

Givan specific load cn thbe circular tuke plats

P,
0,7850%

Pi= K2fcut. (296)

K~y: (1) . kgscm2,

Lcad, which falls “n one connecticas/communicatica,

Tha2 advantageous relation cf the radii cf a2 circle of the

arrangement of cennecticrss/ccamunications . and belts r, is within

the limits +-=045+0,5.

Poisson ratio pu is acceptec:
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for steelsS.cveeeresvess 0.3
FOr brass2S. seeesssses 0.33
Fcr th? bronz2, «.......

Th: spacing or ancacr stays, shich faster rectangular tuks
plat~s, are designed frc¢s the spaliest secticr/cut of
conn=c*ien/commuanicaticn for tne lcad, which falls to the area,

supported by connection communication,

On= seriss/rovw c¢f ccnnscticnsycommunicaticns aleng th2 line c¢f

centars ~o establish/irstall is nct recomm=2nded.

Allowabls s*rass ¢n tas cend in *the tuls platz is desigrated

according to th=2 forrmula

Ry=t. (298)
Safoty €factor A with resgect to the lowsr limit of the
strength cf mat2rial o, - 0f tas tupe plate at copsrating temperature

of madinm %o 2009C is accepted

n >4,

Page 205,
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At highar tzamporaturss tne value of ultirata strength is
accepntal at a1 prascribecsassijnea calculat=d temperature with thae
subsaquan% testing »f strassessvolcages on the yield point of

raterial 9 safety facrtcr in cibis casz must te not less than 1.8.
Y

Addition C to the ainus tclerances c¢f rolled stock, treatmant
and for the corrosion ct taos tuke glates, stc.:
CM

for the thickn2ss cf panels tc 2.0 ¢y ,..eeeveeeess 0,1

For th2 thickness c¢f papels frcem 2.1 tc 4.0 cme .... 0.3

For the thickness cf panels fiom 4.1 tc €.0 ca...... 0.3

For tha thickness ¢t paneis are more thar, 6.0 cum, 0.4

Th2 smallest thickness of tha tub=s rplats in the place of the
rolling of tubes, frecm the ccndaticns of guaranteeing of strength and
density of their rolling-out, must not be the less ocutside diameter

of tha %ubas:

s>d,

The smallest thickness or tn2 tube plate in the place of

weakening by its gzocves, jrocves and its envelcpament under the
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Facking/seal flinges must naot t€ less:
Sain >3V 1,59 .
The thickness of tre sealing part of the welded tube plate nust

b= d=2sijnad just as flanca.

Testing strassesy/vclcages in the bridgs ¢f tube plate, Fig. 103

(between four *ubes), is prcducea according tc to the formula
F

R, > L w2fcut, () (299)
* 3.5(!—!21 (T)

Rey: (7). kg/caz,

whera [f— half-sum of tne sidss of the rectangle, fcrmed by fcur

tubes:
1=0,5(¢ 4+ £,).

The detarminaticn ¢f vaiues v, and t, see in Fig. 103.

Testing the reliatility or fastening the ends c¢f the tutes

against thair extracticn is groducad accecrding tc the Zoramula

R>-i%. (300)
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- Fig, 103. On *he calculaticn CI tac bridge of +hs tubke plata.

Page 206,

Th= arza b2twean fcuir tuces £ (in Fig. 103 cross-hatched) is

detarmined:

for <h= *ubes, arranged,locatea on =gquilateral +riangle,
f=0,866¢* — 0,785ds cu%;
for ths tubes, arrangad, locatea in the cerrider or checkered crder,
f=1tt,—0,785d3 cx?.

Allowabl: stressas cn thks extraction of tubes must be nct more:
Rain <40 cg/cm2 - for th= tupss, rolled in the cylindrical holes;
Ru —~50 k3/cm2 - fcr tne tupes, rolled and flanged from cne end:

;s -

Raes <70 k3/cm2 - fcr the tubes, rolled and flangad
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2nds.

Stress/vel*ag~ in ths ancancr stays is detz=rmined

—_ A (7) P
Re=Grmsggs "0 Re= gy waiex. (301)

bty Key: (1}. or kgscm2,

Allcwable stress in tos ancaor stays during the hydraulic test
gust not 2xceeAd
R,z %'?i K2/cad, (302)

Rey: (1). kg/cm2,
wher2  9,—lyi2ld poin-< ¢t mat:zriai, kg/cm2,

Breaking stress on tke bucxling in stays-tolt:

Rep= (—"_22_87, K2|cub. , (303)
i

Key: (1) . k3/cm2,

Radius of inertia c¢f ccnaecticn/communication of the round

cross-s2ction

i==i? cM.

Th2 mndulus/module ci tha rorsal elastici“y E is accepted:
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for ste2ls kg/Cm2Z, ..t ieeieinscons (2.0-2.2)-106
FOTr bDraSSeS eieeseccssscccsncaccsces (0.65-1.0)-106
FOr the BrONZS., coveenececcncosnns (0.9-1.2)-106

Stability margin in stays-tolt with the Etuckling
Ry

Fage 207,

Here by R, is iwmplied permissibl2 compression stress, egqual to

parmissiblz tensile stress.

For the purpose of a reducticn/descent in the thermal stresses,
which appear in *the *tute plates, ard alsc th2 tubes in tha places of
" +heir rolling in tha hcusings ot tn2 heat axchangers, which have
rigidly by them is mcre than 1 g tk2 silt of the working under
conditions relatively biga temperatures, it is necessary to produce
tasting *ha ccmpensaticn capacity c¢f apparatus and in the nscessary

cases to provid2 for thes installaticn of ccmpensators.

§42, Calculation of the cowmgensaticn cavacity of aoparatus,
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If in the tube system of apparatus straight/direct tubes are
rollzd in “wo *ube plates, rijidly fastan=d with the housing cf
apparatus, then in +this case snculd be manufactured the verifying
calculation of *he ccmpensatica capacity of agparatus.

Ths =2longation ¢f tha aocusiny of‘apparatus under the action cf a
diffzrence in the %tagreratures:

Al=al (t,—1¢) cu, (304)
whera a, - a coefficient or toe¢ liuear xpansion of the material of

housing on 1°9C;

L—- length of housiny (usually is accepta2d the distance betwesen

the tube plates), cn;
{,— m2an temgerature cr tae wall cf hcusing, °C;

to - temperature cf apparatus during the assembly (it usually

+takes as the equal to 18-209C), °C.

The =2longation of thke tumes of apparatus under the action of a
diffarenc2 in *the tamperatures:
Mymmafy (£, — ) c&, (305)
wharz a, - 3 coa2fficient of the linear =2xpansicn cf the matarial cf

+ubes o1 1°C;

-t s T L PR YR r
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L —- length of *tules (distance between tke tube plates), am;
£, — mean temperature of the wall cf tute, oc;
*o - tamperatur2 cr apgaratus during the assemkbly, °C.

Difference in the ¢longyaticns betveen the elongations of housing
and *ub2 (amount of strain):
Al= A, — AL cu. (306)
In obtaining M of positive tne tubes additicnally are
dilated/extended under thke acticmn ¢f the elcngaticn of housing. In
obtaining a of negative the bousing additicpally is dilated/extended

under the effect of the elongaticn of tutes.

2nd 3ec*icn.
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Page 203.

The effort/force swhich apfiears in the tute (housing), called bty

the elongation of housing (tuctes), according tc the law cf Hccke:

P,= Ale Xg, (307)

where E - modulus of elasticity ¢f the materiel cf tuke (housing),

kgs/ca2;
P - cross-sectional area ct tube (hcusincg):
o
; F=0,785(d? — d?) ca?,
vhere d, - outside diametar ¢i tube (housing), cm;
d, - bore of tute (housing), Cm.

4 The effort/force, which appears in the tube ({hcusing), called by

*he intarnal pressure:
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P, =0,7854%p «g, (308)
wh2ra2 p - internal pressurs 1n the tube (housing), kgscm2,

Total effort/force in the tupbe (housing) from the action of a

difference in the temperatureés apd interral gpressure:
Pyu=P,+P; xg. (309)

Total strass/voltage cn the kreakage in the wall of t-.te

{hcusing) z
Rq_=”%  kgscaz, (310)

If obtained values P,, and R,s are irsignificant, then

ccmpensater on the apparatus it is not required.

Compensator on the apparatus is establisbked in such a case,

when:

1) total stress/vcltage cn the breakage in the tube or the

housing exceeds allowatle streéss, i.ce.

R‘Yl > R ao0ns
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vher2 R,, =- allcwable stress in tie wall of tute (housing), cf

kgscm2; 1

2) +he effort/fcrce, which appears in the tuks, exceeds the
permissible lcad on the extraction of the ends cf the tubes, i.e.
Peyn> Pous
vhere P,,, -~ pormissible lcad on tne ex:tracticn cf the ends cf the

tubes: P, =R..=d.y kg,

Reaix - allowalle stresses c¢n the extracticn cf the ends c¢f the

tubes (see page 206), ¢i «g/cm?;

d, - the outside diareter cf tukeés, cn,

y - depth of the rclling-cut ¢f tubes, ¢m.

According to the exparimental data the safety factor of
rolling-cnt n, i.e,, tha ratic cf ftorce P, which extracts the

. rollsd tube, %to permissitle icaac pP on the extracticn of the ends

0of *he tultes composes 2-4 5.
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Page 207.
Por the approximate computacticns of effcrtss/forces and the
stresses/voltages, whicia appear in the tukte frcm the teamperature

elongaticns, can ba reccasmendeéd the follcwirg simplified formulas.

The force, which app3ars in tne tube, in the atsence of the

compensation for temperature elicngations apprcximately is determined:

for the steel tubes

P==750¢tdskq; - (311)

for the trass tubes

P=574tds kg. (312)

The compression stress or elongation in the tube from the action

of t2omparature 2longaticms in trne absence of the compensation for

tube is determined:

for the steel tubes




P
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R = 218t kgfem”; 313)
for the brass tubes
R=18a¢ kgscu2, (314)

The tending Adeflecticn ¢f tube in depending ¢on its elongation

aprroximataly shares

y = VOI75IAl + y, — y, Mx. (315)

dere At - increase in tle temperature against the assemktling,

d - the mean diameter cf tukte, cm;
s - the wall thickness of tuke, ca;
1 - length of tute, am;

Al ~ difference ir thne elcrgations c¢f hceusing and tube, om;

" T e g Y et JO S P 4= ¥ R
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! Yo - initial sagging/deflecticn of tube, wmn,
§ 43, Calculation of tte axpagsicr bellows,

The expansion b2llcus wits the necessary calculated values is

- depicted in Pig. 104.

Th2 wall thickness c¢f tie lens
ra
S 0,67H)/-5. cH, (316)
where H - a projection of sizessdiwmensicms 1,, Cp, 1 l2ns (Pig. 104),

cm; ]

p - internal pressure in the compensatcr kg/cm?;

R,- allowable stress cn tke Ltend, kg/cm2,

The complete effort/fcrce frcm the internal pressure, received
by the w#walls of the lerns
P, =0,785p (4} — d3) Ko, (317)

dhere 4, - diameter of the lens cf compensatcr in section/cut AA, cn;

i dy - diameter of lers in section/cut BE, cm.
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Page 210,

Force from the internal jressure, which disrupts the wall of the

lans cf ccmpensator acccrdiang tc tae diameter of lens 4, in
sacticn/cut AA:
d
PA=P071—+!I kg - (318)

Thke reacticn, ccmpressaive the wall cf the lens cf compersatocr
acccerding to diameter d; 10 secticrL/cut EB:

Py=Py—P, ky. (319)

The force, which appears ir tane compensator from the defcrmaticn
cf one lens to value +-ax~~G.54]

{with the freccagressicn or the
€longation of lans on +-8x):

P,=4 Elepdx

3
o o2 o (320)

where Ax - an amount of tae defcrmation ¢f cne lens of the
compensator:

E - modulus of elasticity cf the material of lens, kg/cm2;

l,=0262 d.,s*~ moment ct tne inertia cf the cross section of the wave

of lens, rectified on its avetagyesnean diameter, cm*;

d,=05(d, +d,)~ the mear ciameter cr the lens cf comrensator, cm;




i
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. |
. £
( ‘Bb - coefficient of the confaicuration cf lers, cm3; E
' E
¢
®a - coefficient of the configuration cf lens, cm2;
’
$s, - the reduced lencth of the wall of lens, cm. f
f
;
!,
¢
i ?
‘ _
.'
A, '
:
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Pig., 104, On *h= calculaticn cf the expansicr tsllows.

Page 211,

Values of the coefficients ¢t configuraticn and reduced length:

1. Fer casa of r,#r,; | #9: :

zb-n{L:’lr:+[r,(r.+l)+—,‘-F]+r,[-;—(r, +O 4
+2ntn+5all

Eamn|(s—2r+ @+ D+ s+ + 2]

28.,=nf—;—(r,+r,)+l].

2., For cas2 of r,=r,=r; lfC:

Zb=,,{(3“:°) ﬁ+[r(r+l)+—;-ﬂ]l+r %(r+l)’+

+2(r+t)r+%r’]};

Za=n{(=—2) R +(r+Dl+r(=(r+H+2r];
8, = (=r + 1)
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3. For cas=» of r;#r,; 1=Q:
3x— 8
mn[BE g (5 v+ )],
Za=nl(=—2)ri+ ri(zry+2n)];

x’-""_;'("t""t)-

4, For case of r,=ry=cr; 1l=(C;

Sb=471nr,
Za=6,28nr2;
Xs, = 3,14nr,

vhere n - number of half-lenses in compensatcr.

Pinching moment/tcrque, calied by the defcrmation of the lensass:

SGP;
5. k9cs. (321)

M=

Bending moment in tha c¢ritiacal sactionscut c¢f lens (section/cut

AA) g

M,=PH-—-M, kgca. - (322)
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¥ Page 212,

Bending stress frcs the action of mcment tcrgque in the critical

section/cut:
. iR;=L"!.’. Kyscm2, (323)

21,

wher2a [ =0,262 d;s* - BCBentT of the inertia cf lens in critical

sac*icn/cut, cm*.
Bending stress fros thke irterral presscre:

Ry=m 289 kg cuz. (324)

f i Total bending stress:

+R,=R, + R, kg/cn2, (325)
Plus sign is - witk tne wcik ¢f compensator on elongaticn.

Minus sign is - withk the wcrk cf compensatcr on coapression.

Stress/voltage cn tka breakage from the irternal fpressure:
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, R,--’%— kg/cm2. (326)
4
Resulting stress/vcltaye in thke critical secticn/cut h
Ropes= VR§+R'§ kyscnm2. (327)
Axial force in the ltousiecg cf the apparatus:

P=P,+P, xg. (328) j

Stress/voltage in the wall of lens in the fplace of fastening to

the housing {section/cut EE) :

P’ 2
Ry =gz kg fem’, (329)

’ caihia - < <

L3
13
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Page 213,

Chapter VII.

EXAMPLES OF THE CALCULATICNS GF THEE STRENGTE CF PARTS.

§ 44, Calculation of the strenyth ¢f the walls cf hcusing. LH

Cylindrical wall.
Initial data for the calculatican. | t

Material of the hcusing of fuel heater: steel st. 3. "
e =20 kgIC"‘ ’

Calculated (working) pressure of saturated steam in the housing 4
Bore cf housing p —9283 .

We accept.
9=08~ the modulus of resistance of veld (cn Table 50);

o, == 38 kg/-m’- limit of tne strength of steel St. 3 (on Yable 33);

n,=425 - safety factcr with ¢ <250°C (cn Yable 52);

]‘
i
|
1
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C=1 mm - additicn.

The allowable stress

38
e R‘=":-:=I'—'23=8,9 ‘g /mllz.

The wall thickness ¢i tle cylinder

=__.EQ!.__ 26-283 _
y 20Rs —p +C= 330-35,9-0,3—26 4+ 1=25,6 Mum.

We accept s=6 mn.
Flat/plane wvwall with the stiffeping ribs.
Initial data for the calculaticn.
I
- {2l 1s
| Material of the flat/glace wall: CopPperti.
{
Material of stiffeniny riks (angle glate): stael st. 3.

Design pressure on tae wall: p=1 kg,cm2.

e Large side of the flat/plare wall: 1=15CC ps. 4

mal bee aae e o o
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Smaller sid= of the flaty/rlane vall: c=1300 mm.

Page 214,

%e accept.

Number of edges/fins alcny thée larger side n, =S,
Number of edges/fins alcng the smaller side p,=4.
Profile/airfoil of angyle glate on OCT 10015-39 N 6/4.

Wwe determine (on the tatles).
Limit of the strengtin cf ccprer o,=2000 k¢/cn2.
Yi=21ld point of ccpper 1,=700. kg/cm2,
Limit of the strength cf steel St. 3 o,=3800 kg/cm2.
¥i2ld point of steel St. 3 a,= 2400 kgsce?,

Side of the ractaryle, included between the stiffaning ribs:

¢ 1300
= 1= 731 260 M.
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Second side of the rectanyglse
!
b= = 5+|—25° N
The thickness of the flat/plane wall, included Letveen tle

stiffening rits

3=0530‘/ +c 053251/
RQ l+ 440

+0,3=0 755 cu,

wheras R,=440lr_,/cn~'- the allowable stress cf ccpper (on Table 41);

C=03 cm - addition taxiny intc account weakening cf bore

surface.
de accept s=8 mnm,.
Lat us designate (see Fig. £€2).
X3X; - cantroidal axis of the secticn/cut of edge/fin (elbow);

£,X, - centroidal axis c¢f the secticn/cut c¢f the band of the

flat/plare wall;
XX -~ centroidal axis of thé sectionycut ¢f band and edge/fin;

00 -~ axiss/axle cf tlie rasesroot c¢f tand,
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From the table cf assortment for angle plate N 6/4 we determine:

Height/altitude ot edge/fin (angle plate) h=6 cm.

Cross-sectional area of edg¢esfin Fy=5.72 cnm2.

Distance of the apex/vertex cr edge,/fin frcm axis/axle X, X,

2qual to Z,=2 cn.

Second moment of area cf edges/fin relative to axiss/axle X,X,
I, =20,3 cat.

y
Distance of axissaxle X;%,; frcm axissaxle CC:
R Yimh+s—-Z,=64+08—2=438 cu.

Distance of axis/axle X4, fre¢m axissaxle CC:
¥;=0,5¢=0,5.0,8=0,4 cu.
Page 215,

Width of the band cf wall, which receives lcads along the larger
side 1 of rectanglse,
. a 26
s B-*2—=T=l3 cM.

}_ Cross-sectional areez or the Land

J. Fym Bs=13.0,8 = 10,4 cx,
/
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Distance of the neutral axissaxle XX frcs axissaxle 00

Zo AV Frly _5.72.4.8+10.4.0.4

F¥Fh = smyng  — L x

Distance batween centers X;£;, and XX
ay=Y, —Z=48—196=284 cu.
Distance hetween certers X,i, and XX
Gg=xZ — Yy=1,96 —~0,4=1,56 cx.
Distance of the outermcst tilament frcam axis/axle XX
Yims+h—Z=08+6—196=484 cn.

Load, which effects cn the edges/fin and the band,

Q=18lp=13-150-1=1950 kq.

Greatest banding scment, whica effacts c¢r the edge/fin ard the

tand,

M= =000 224400 kqemn -

Second moment of area c¢f paand relative tc axisyaxle X,X,;

L= = T =055 o,

Second moment of area of edjes/fin relative to axissaxle XX

"dy=1, +alf, = 20,3 + 2,841-5,72 = 66,6 cu'.

*he second moamart c¢f area cf rand relative to axissaxle XX

Iy=1, + a}F; =0,55+ 1,56*-10,4 = 25,95 cx'.
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To-al moament of the inertia of edge,/fin and Lkand relative to
axis/axle XX

I=1,41,=66,6+ 25,95=192,55 cm’.

Page 216,

Stress/voltaga, which appears in the edge/fin from the action cf

roment/torque A,

R, =Mt D] _ 1275 kg, caz.

Stress/voltage, which aggears in the bard from the acticn of

pcment/torque A,

R,= MZ  24400-1,96

2
T =% =516 Kg/cm2,

Safety factor in the edca/fin

c; 2400
ll,—*R—l——m=l,88.

Safety factor in the band

§ 45, Calculation of the strength of coversycaps and bottonms.




=
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Convex stamped/die-forqged cottcs.

Initial data for the calculaticn.

Material of convex Ltcttca cf the housing cf the preheater of the

water: steel st. 3.

Calculated (workiry) pressure of vapors in the housing p=2

kgsca?,

Outside diameter ci aousing D, =558 .ww.

We accept.

o,=38kg s/mm2 - limit of the strenyth of stes]l St. 3 (on Table 33):

C=3 mm - additicn:

¥=1.65 - coefficiect cr factcr of shape c¢f bottca (on €able

55) ; for the anechoic kcttca 1a tae ratic of the height/altitude of
e
bottom h to its cutside c¢iameter D, ,vhen 5'i=0,22_

Allowable stress witn t<2509C (on~Ffabls 56)

. e A e
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R.= g% =7g=13,1 Kd/cuz,

Yhe wall thickness ¢f tte céished bottcs

558-2-1,65
200-13,1

_ Dy o
s=-mor, +C=

We accept s=4 na.

+3=23.71 mxn.

Page 217.

Flat/plane circular cover/cafp.

Initial data for the calculaticn.

Material of the flat/place ccverscap: steel st, 3.

-

Calculated (it is wcrking) fressure p=Z kgscm2,

Diameter of a circle cf the arrangerent c¢f bclts d=620 am.

We accept.

73,=38kg som2 - limit of the stremgth of steel St. 3,

#=D.3 - for the ccveiss/caps, which undergo preliminary tend from

the tightening of the tclts [see fcrmula (24%) .
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C=2 mm - additicn.
Allowable stress cr thé tend (on fakle £¢€)

R.=°T’2=33—82-=11'9 Kg/llmz.

Thickness of the flat/plane circular coverycap

s=d}/ v +C=62V0.3r1393 +0,2=159 cx.

We accept s=16 mn.

Plate cover/cap.

Initial data for the calculaticn.

Material of cover/cap (cast): steel 55L.

Calculated (it is wcrkinyg) gressure in the cover/cap p=132

kg/cm2,

We accep* (on the made crawingsdraft).

Radius of the spherical secment cf coverycap #=70 cnm.
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External radius of tne flange of coverscap d=42.5 cnm.

Radius of a circle <f the arrangemert cf bclts r=39.25 cna.

Distance from the azxissaxle cf ccverscap to the line of centers

cf racking a=36 cna.

Load on the bolt (from tne caiculation cf tolts) P,=8350 kg.

Number of belts z=2E.

The wall thickness c¢f ccverscap s=5.5 cu.

Addition for the cast cgverscap €=0.5 cn.

The modulus of resistance cf weld (it is aktsent) o=1,

Page 218,

Bending stress in tke ccver/car

3 0,18p, —
[P =Dt 48P g L |+ PR =
3 0.18-8350- 28 (39, 253 — 362)
[ 0.3 +
()

+1,48-8350-281g 50| 4 - T10 . — 040 wrfeut,

R""x(s—-C)’

=314(5.5—~0,50

+(3,9—0,5)
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Key: (1). kgs/cm2,

- Safety factor in the cover,ycap on ultimate strength
—Jo _ 6000
n= Ry = 00 =64,

vhera 3, =6000 kg/cm?2 - limit ¢f the strength cf steel 55L (on Yable
29) .

§ 46. Calculation of bclts and pins.
Calculation of the shark cf bolt,
k ; Initial data for the calculaticr.
Material »f the bclts: steel 35X. . .
Design pressure in the cylindrical chamkter,/camera p=32 kg/ca2,

Diameter of a circle of the arrangerent c¢f bclts D;=785 cux.

Diameter of the centerline cf packirg D,=72 ca
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Complete offort/fcrce, which effects on all btolts from the

internal pressure of medium,
Q=0,7850],p = 0,785-728.32 = 130000 .
We accapt,
Cuantity of bolts z=:8.
Coefficiant of the tightenany of bolt k=1.8,

Calculated effort fcr cne Lolt

xQ 1.8-130000
Pi= 5 = LA a0 By

Distance tetween tte cclts (space of bclts)

¢= D8 _3,14.78,5
: T @

&

=§,8 cu.

Page 219,

The nominal diameter of the bclt

dy=1,13Y/ 22 1 05=1,13)/ BUEZ L 05=3,2cn,
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wher2 3,=9500 kg/cm?2 - limic of tne strength of steel 35Kh (op YFable

37)
n=6,5 - a safety facter icr tne well machined Lolts.
We accept d,=3 cn.
Stress/voltage in ttks rcd c¢f the bolt
R,-lm%=1,27%=1620 kg/cnz,
wvhere ¢ =256 ca - diametsr cf tclc along the female thread,
Calculation of the fillet/shculder of pin.

< Initial data for the calculatica (from the calculaticn of the shank

- cf bolt).
" Material of the pin: steaes 3Skh.

Calculated effort fcr cne fin P4=8350 kg.

Nominal diameter cf fpin dg=3.C ca.
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The thickness of the fillets/shoulder of the pin

3 Po 8350
°="¢0ch= 3.14.3.875 — 10,08 ca,

wvhere R, - permissible shear stress:

9500

— 875 | 2,
T.S—'—SIS‘Q/C' ’

Rep=0,6R, =06 = =0,6
8,=9500 kg/cm2 - permissikle tensile stress;
n=6.5 - safety factcz fcr the well machined pins.

We accept

P = - -

3= o
3

SE
I
S
5

The diameter of the fillet/shculder of the pin

=Y B+ 3 L3630,

wvhere R, - permisszl:le crumgling stress

Reou=1,8R,=1,8 2 — 1,8 3% _ o630 xyscn2.
Re accept dg=1,4d;=1,4-30 =42 au.
Page 220.

§ 47. Calculation of flarges.

T — e ey

{
]
H
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Round cast flange.
Initial data for the calculaticn.
Material of the flange: steel 45L.
Limit of the strength cf steel U45L: o =5500 kg/cnm2.

Calculated effort fcr cne tclt (frcm the calculaticn of bolts)

Po=8350 kg.

Diameter of the critical section/cut of flange (from the made

drawing/draft) D,=74 ca.
Arm of bend a=4.2%5 cm.
Number of bolts z=2¢&.
The thickness of the cast flange
3=V_.,—6@"_,%§—“+C= Y EBABR | 05=5 cx,

whera R, -~ allowable stress cn the bend:

Ry=-t — 00 _ 90 ky/cm?;

ny, 8

g
!
- ’ MJ
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n,-&- safety factor fcr steei casting;
k=1.8 - coefficient cf the tightenirg cf bclts;:
€c=0.5 cm - additicn.
Circular welded flange.
Initial data for the calculaticn.
Material of the flange: steel st. 4.
Limit of the strength ¢f steel St. 4 on “fable 33 ¢,=4200 kg/cm2.
Calculated effort/fcrce cn pin Py,=208 kg.
Radius of a circle <f the arrangemert ¢f pins ry=3/.75 em.
Ireernsl v a diws of howus ng v 2728 em.

Space of pins t=8.3 cnm.

Diameter of hole urnder the pan d=2.,9 cnm.

Page 221,
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The thickness of the weldea circular flange

Polro—r)t
’“pVR.(;-a)d +12=

/208 31.75~127,5)8,3
=043 ) TG T—r95s- + 1.2=1.52 cx,

vhere R, - allowable stress cu the bend: !
i
4200
R.——-'-’—=—5—=840 Kg/Ccm2; ;
i

E ' n=5 - safety factcr cf tte flange;

B=0.43 - coefficient tcr the flanges, which are not subjected :

locad from the tightening ¢f bclts.

We accept s=16 mm. 7

Rectangular flange.

-l

Initial data for the calcuiaticn.

Material of the flange: steel St. 4.

. Limit of the strength of material on Taktle 33 3,=4200 kg /cn2.

Calculated effort/fcrce tc the bolt Py=324 kg.
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Space of bolts t=%£.9 ca.
Diameter of bolt hcle a=1.3 ca.
Arm of bend a=1.5 can.
The thickness of rectangular flange will be determined
""VR.(?iﬁau @m;’-;-‘_‘—:—%l-—+01=075 cu,
vhere R —g840 kg/cm2 ~ allcwaktle stress or the bend;
k=1.8 the coefficiert ci the tightening cf the bclts;
C=0.1 cm - additicr.
We accept s=8 nmm,

§ 48. Calculation of the tube plates.

Circular panel without the aronors.

Initial data for th2 calculaticr.

e ——
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Material of the ture plate: crass L(62-1.

Cesign pressure p=32 Kys/cn2.

Raiius of a circle ¢f tte arrangemert cf bclts r,=39.25 cm.

The mean diameter ct pacxitg Dpp= 72 eM.

Cutside diameter cf tures dy,= b ¢ M.

Space of the arrarcement cf tubes or the triangle t=21 cun.

Number of tubes n=€S0,

de determine.

Limit of the strengtn cf material (cn ¥akle 39) o,=3800 kg/cm2,

Coefficient of the atrachment of the tube plate (on Fable 65)

»=05.

Coafficient cf weakeniny tte tube plate (¢n ﬁble, 67) ¢=0.474.
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Page 222.

Coefficient of a changye in tae specific lcad fer the circular

+ubr plate with the fpencil c¢f straight lines tules (cn 13b1e:v68)
din 1.62
el gl 2 =0,563.

Th2 safety factcer cf panel is taken n=d.

Allowable stress in the tuke jlate

R.=—;'—=——”:° =950 kgscnz.

The thickness of the tube plate

smr )/ 2+ c=a925 )/ SLTR | 03-5385 cu,

vher2 C=0,3 cm - an additicn.
We accept s=60 pmm.
Circular panel with the anchcrs.

Initial data for the calculaticn.

Material of the tute plate: steel 30.

ctartod
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Material of connecticns/ccamunicaticns: stesl 35 KA

Tesign pressure p=36 xg/cmz.qgadius of a circle of the 1

arrangement of beclts r;=31.7% cu.

Radius of a circle ¢f tke arrangemert cf anchors Y'c.""""s cM:

Th2 mean diameter ¢f pacxirg D,.,P = 56. § em.

Diameter of connecticnscomaurnication alcrg the female thread

dg=2.54 cum.

1 Calculated bond lercth is L=13.5 cn.
Number of ccmnnecticrs/coamunications z=6.

Outside diameter ci tutes d’u" 1.L am.

Space of tubes c¢cn the triangle t=2.2 cum.

Wz datermine,
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Ultimat2s strength materidl (cn'fhble' 4) €, = 48%00kg/cm2,

Pcisson ratio fcr st=2el (cn Table 3g) u=C. 3.

Coafficiant of the attacnment of the tute plate with the anchcrs

(on Jablem 65) Y = O 75

Co2fficient of weakening the tube plate (cn'fétle! 67) #=0.52.

Coefficient of a csanyé in specific lcad cf V-shaped tulke (on

Tablae 68) & = /.
The safety facter cf the tuke plate is taken n=4.
permissibla stress ia the tuce plate
Ry=2 =% _ 1900 kg/cnz.

Fage 223.

spacific load on the tube plate we prelisinarily accept

Pr=10,55p=0,55.36 = 19,7 kgscm2.,
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Th» thickness of toe tuke plate preliminarily will be detzarmined

la
Sy="r, L3—37 75 V°°7gzlrl,308 =494 cu =5 cm.

Load, which falls <r ccpnecticn/communication,

P p(r—rd? B
1= o = ) l_
:{[—2:{1»:_:4.%(14_#)(,{_,3). 0¥

3a2z (1 — uol
3,14-36(31,752 — 14,57

' 375 14,5 8-59-0,52-13,5
s{[-—z 14,580 i3 5+2(1+3, 75,)(3l 75"—14 5')] + 32547 6 (1— sa(l_u"sz)}
)
=41000 «.

k2y: (1) . kg.
Full lcad on the tute plate and the anchcr stays
Q=0,785 D3, p=0,785-56,5?-36 = 90300 k.
Load, which falls tc the tute plate
=Q— P,;=90300—41000=49300 «gy.
Given spacific load cn tie tuce plate

P, 49300
oTB DL 0.15.%.7 =197 kg/coz.

Py =

Th> thickness of the tuke plate

- D 0.751-19.7 4 03~
s=n )/ Lhyc=a115) SIS TIT +03=52 cu.

)
¥
H
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| where C=0.3 - an additicn.
We accept s=52 mm.

Stress/voltage in the ancher stays

. P 4000
Re=Sss-85 —ommgms — 1350 xy/coz.

Safety factor in ancher ip the ancher stays

where 9,==9500 kgscm2 -~ limit of the strength cf the material of

cennactions/communicaticos.
Page 224.

; ) Rectangqgular panel without the anchors.
Initial data for the calculation.

Material of the tute plate: brass LS59-1.

. design pressure p=% kys/cs2.,

Large side of rectaryle, lisited by the centerlina of bclts,

e b o T PSRN0 W arie L e 8
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a=53 con.

Smaller side of rectaagla, limited ty the centerline of teclts,

b=12,2 cm.
Outside diameter ci tutes ¢£” = 1.0 M.
Space of the arrangement of tubes in *he serizs/row t,=1% cn.
Space between the seriessrcus of the tubes with t,=1.25 cm.
Number of tukes n=189,

We determine,
Lini% of th2 strengta of material (cn Fatles 39) o,=3500 kg/caz.

5

: a :
Relation =4 =434,

Coafficient of the attachment of tule heel fads (in T&ble' 66 in

d2pending on ra2lation a:bl $==0,625.

Coafficient cf weaxening the tube plate (on Fatlew 67) ¢=0.583.
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The coefficient of & chnacye in the specific load for the

rectangular tube plate witn tane pencil of straight linses tutes

“fatla¢ 68) :

d:
e=1-0785-0- =1 —0,785 ;013 =0,77.

“Fhe safety factecr c¢f the tube plata is taken A,=45
Allcwable stress in the tule glate

R, =—QJ— =
>

15

=780 kgscm2.

-
o

Tha thickness of the tube glate

. . Tip 0,625.0,77-
» s=b)/ 20 4 c=122)/ WIS | 01 099

where C=0.1 ¢cm - allowagc=s.

We accept s=12 anm.
b Rectangular panel with tke archcers.
. Initial data for the calculaticr.

Material of the tuke glate: steel alloyed.

Material of connecticas/ccamunicaticns: steel 35 kA

{(on
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Design pressute p=10 kysca2,

Paga 225.

Large side of rectangle, lisited by the centerline of bclts,

a=264 cno.

Smaller side of rectangls, iimited ty the centerline of teclts,

E=111.6 cn.

Number of series/rcws cf cconections/ccarunications n,=2,

Number of connecticrs/ccamunications in series/row n,;=9,

Distance between the axial cclt holes and the extreme serias/rcw

cf connactions/ccmmunicaticns c,=40.6 cm.

Distance between tike seriess/rcws of connecticns/communicaticns

c2=30.4 cn.

Distance between cchnecticrs/communicaticns in the series/row

c3=25.2 cm.

Diametear of connecticn/ccosunication alcrg the female thread
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dg=3.08 cm,
Outside diameter cf tuces Ze=14 ca.
Space of the arrangjemsnt 0f tubes in the series/row t;=2.1 cam.
Space befueen the seriessrcws of the tubkes with t,=1.9 cnm.
Number of tutes n=6100.

The width (greatest) of the¢ designed secticn of ranel is
r=c,=40.6 cm.

. L4 2
Relation ;=40L:,=6,5.

Cozfficient of the attacnment of the tube plate (on tables 66 in

depanding cn a:c,), $=0,63.

Coafficiant cf weakenin¢ thke tube plate
. a5 14
P== ‘.— 0.785 oh ==l —0.785 m =°,614.

Coefficient of a ctanyge in the spa2cific lcad fcr the rectangular

tube plate with the pencil of straight linés tukes (on 15b1e0 68)

& .
em1—0,785—5 =1—0,785 54 g ==0,682.
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We determine (on the tarles).

Limit of the strengtn aof allcy steel at temfperature of wall

ty==400°C, o{ = 3600 kg cm2,

- Ultimate strength stopped 35X: 9,=9500 kg/ca2,

Th2 safety factcr c¢f tne tukte flate is tzken #y=4.

o TN A e e rer g e e e

Allowabla strass in the tuke plate

¢

[}
Ro=7:-=36-41°=900 kg/cm2,

The thickness of tke tube flate

s=a )/ 82+ C=106 Y I L 02238 cu.

A NP 7 S AT O EA = oy T PV (e L S

where C=0.2 cm - an adéitione.

We accept s=40 no. %
#
Page 226, %

. Load, which falls t¢ one c¢conection/coamunication,

P =0,5(c; + ¢5) ¢y p =0,5(40,6 +'30,4) 25,2-10=8900 K g.
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Stress/voltage in tka anchcr stays

. P, 5900
R = o758 — 0T8s5,0m — 1200 kg/cnz.

Safety factor in ccrnecticrs/ccmmunicaticns

§ 49. Calculation of the coaspensation capacity cf apparatus.
Initial data for th= calculaticn.
Pressure within the housang of apparatus p=0.8 kg/cnm2,
Temperatur?2 of medium in the intertube space t;=116.3°C.
Mean temperature ¢f medius in the tubes ¢f apparatus t,=75°C,
Temperature of apparatus during assembly ty=159C,
Temperature of surrcunding air t,=30°C.

Material of the h~using: steel St.

3.
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Material of the tures: crass.

Th2 length of tubes and acusings is 1=1.8 m.
Diameter of housirg =055 .

Th3 wall thickness ¢ the tukbe¢s with s,;=1 puo,
Tha wall thickness ¢i bcusing is s,=4 op.

We datermine (on'fzbleo 38h‘fze ccefficient of the lipear expansion

of the material of housirg cn 19C, B,=1.2501(0"S,

Coaefficient of the linear exgansicn of the material of tubes on

1°C' 62:1' 9e¢ 105,
For detarmining the tesperature cf wall we accerpt.

Heat-transfer ccefficient from the vapcr to the walls cf housing

and tubes with «,=6600 kcalsadh 9¢C.

Heat-transfer ccefficiert frcm the wall ¢f housing to the




¥
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surrounding air a«,=10 kcals/a3a 9C.

Heat—-transfer coefficiept frcs the wall cf tubes to the water

a3=4)00 kcal/m2-hour ©°cC.

Page 227.

Coa3fficiant of the tosrmal cconductivity cf trass \,=90

kcal/meh®9C,

Coefficient of the thermal ccnductivity cf steel A,=50

kcal/m-hoC.

Temperatur2 of the internal surface of the wall c¢f the tube

. ‘aple + Aty 4000-75 - 6150-116,3
b, ™ wtd 4000+T_“‘1wc

whera

. . ,
Al=i —l-=0.m| 1 =6150.
)
Temperature of the extetnal surface of the wall of the tube

t » f’+t|d|8‘ 73+l'6.3‘$‘”'0.wml
N Ty a8 T 148600.0.000%1— = 101°C,

where

=1 4 0, §
By= o+ 3t = o+ 25 — 0000261, |

Mean temperature cf ctae walli cf the tute

t, =05(t,,, + ¢.)=0,5(100 + 101) ~ 100° C.

Temperature of the internal surface of the wall cf the hcuksing
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!
o _ o+ Ayty _ 6600-116,3 -+ 10-30
b= 0¥k = woF10 - =1162°C,

where A. == 1 - |
Sy VT 0008 T
0 0

= 10.

Temperature of the external surface of the wall ¢f the hcusing

£* o fbtonBy _ 116,34 30-10-0.000032 _ |1 co
e, L4 a8y T + 10-0,000232 '
whare

By=—+ §=%—'o—o+%°—‘=o,oo0232.
Mear tamperature c¢i the walli ¢f housing
b, =05(, +¢,)=05(116,2+ 116) = 116°C.
Elongation cf tube undeér tie action of a difference in the
tamgeratures
Ay =p,l(¢, —t,)=1,9-10-% .1,8(100—15) =0,0029 4 = 2,9 sx.

Fage 228.

Elongation of hcusiry under tke acticn cf difference of
temgperatures
Aly =Pl (L, —t)=1,25-10-3 - 1,8 (116 — 15) =0,01227 =2,27 ux.
Difference in the e€lcnjaticns of tutes apd hcusing
Alam Al —Aly =29 — 2,27 = 0,63 xu.
The effort/force, shicn agppears in tbe hcusing, called ty the

elongation of the tutes

P, MEE_ 0.63.69.5-2,2.108
[]

= 180 =-53500 kg'
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where F, - cross-secticnal area of housing, equal teo
Fo=x(D, + $,) 33 = 3,14(55 + 0,4)0,4 = 69,5 ca?; i

K’/cm’" . i
E=2.201064~ modulus of elasticity cf steel (cn Yable®@ 38).

Effort/force, whick appeacs ir the hcusirg from the internal

[ressura

P,=0,785-D?p =0,785-55%.0,8 = 1900 Kg.

Total aeffort/force, whicn agpears in the hcusing,

P

Py=P, + P, = 53500 + 1900 = 55400 « g.

Total strassyvoltage ch the creakage in the wall of the housirg

P, 55100 _
Rl=,—-_=m~800 xgscm2,

Effort/force, which appears in the tube, called by its

comgressicn,

%,
AlF,E 0,053.0,47.1.100 )
P‘- l? l= 180 -— 165 ‘g-
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where F, - cross-secticpdal area or tube, equal (with its

average/m2an diameter dc==1,5cw)

Fr=rd.s;=3,14-1,5-0,1 = 0,47 cu?; 1
Ey=1,0e106 kgscm2 - *he godulus or elasticity cf trass onfatle' 38.

Fage 229,

Th2 permissible lcad on tae extraction cf the ends of the tutes

Ppis= Rypd,y=140-3,14-1,6.-2=400 kg,

wvhare Rea=40 kgscm2 - allcwable stress fcr the rolled tules (see

rage 206);
d,==1,6 csu ~ outside diameter cf the tubes;
y=2 cm - depth cf rcllinyslapping tube.

Th2 need of applying the ccogensator is determined from the j

fcllowiag relaticnshigs/ratics

R =800 < Rye=900 xg/cn2,

whera R e = 900 kg/cm2 - allcwatle strass in the wall of the housing
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P,=165< P,,, =400 Xg.

On tha allowable strasses and the lcads ¢n this apparatus of

compensator it is not required.
§ 50, Calculation of tle expacsicn bellows.
Initial data for the calculéticn.
Material of the lepsas: steéel st. 3.
Prassure of m=2dius in the compensater p=4 kg/cm2,

Diameter of the hcusing c¢f agparatus (cver the mean section)

d,=55.4 cn.

Amount of the defcrsaticn ¢t ccmpensatcr Al=0. 126 co.

Sizes/dimensions of ccopensatcr we accept.

Number of lensas in ccmfpensatcr z=1,
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Ciameter of the lepns cf ccupensatcr (cver the mean secticn)

d,=69.6 cm.
Radii of bhending cf l¢nses r,=r,=r=3 cu.

- Wave height of the lans

H=0,5(d, — d;)=0,5(69,6 — 55,4) =7,1 ca.
Tha straight porticr ¢r tae lens

l==H—2r=71—2.3==1,1 ca.

The wall thickness c¢f the lens
s=067-HY £ = 0,67-7.1)/ g5 =032 cx,

where R =909 kg/cm2 - tne allcwacie stress accepted fcr steel St. 3.
#e accept s=4 mm,
Fage 230.

The amount of the defcrmaticn of one lens during its preliminary

comgression cn——%

Ax=i%l-=_-_l:gé—!rf—6=-i0,063 M,

where plus sign is - wc¢rk of lers ¢n the elcrngaticn;

0..

minus sign is - cperaticn cf lens cn ccefressicn,

e v e—
dnaad: - o Ry,
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Effort/force from che irtecnal pressure, received by the walls

¢f lans,

P, =0.785p (df — df) = 0,785-4(69,6° — 55,4") =5500 kg, j

Ef fort/force from ths irternal pressure, which disrupts the wall

cf lens according to diaaseter 4,,

P,= ——d' _____69'6 =
a=Po g3 = 5500 g5 55,4 = 3060 k9.

The reaction, ccmfressing the wall ¢f lers along dismeter 4y

Py=P,—P, =55%0 — 3060 = 2440 kg .

- Th2 maan diameter ct tke lens of the ccmpensatcr
i dep=0,5(d, + dy) =0,5(69,6-+ 55,4) =62,5 ca.
Moment of *he inertia ¢cf the cross secticn of the wave cf lens,

rectified according to 1ts mean diameter,

= (,262d,,s° = 0,262-62,5-0,4* = 1,05 ca’.

i A et

[/

Coafficients of tke ccnfiguration of lens for case of r,=r,=r

and {f0 according to the data cf g 43:
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zb—n(—"z-%——a)-r’+{r(r+l)+-§-]l+

+r[-’;-(r+l)'+2(r+t)r+—:-r']}_z{‘.ﬂ"_'_::l’-y-;-

)+ L2 3,14 1.1)3 +
+[3(3+1.1)+‘—3—]1.1+3 3B+ L +20 1)

3.4 5
+ T3’}}=- 403,2 cM?;
Za=n{r—2)r+(2r+ DL+ rin(r+0)+2r])=

-2(3.14—2)3 + 23+ LD LI +3BME+LD+
42.3]) == 149.2 ca®.

Page 231,

The reduced length cf wali c¢f lens for the same case
& o B8, == (xr 4 [)=2(3,14:3 4+ 1,1) = 21,04 cu.

Here n=2 - number is half leéens in the ccmpensator.

The force, appeariog in the ccmpensator frco the deformation of

o cne lens to value +-Ax, is dectersipned frcem the fcrmula
: |
! -
L ElgAx _ 2.2.108.1,05.0,063 W
P Py= = g = 1040 x,

Tat ,
D-Fn  W2-Trm

Key: (1). k9.

vhera E=2,20106 kg/cm2 ~ modulus of elasticity of the material of

lens,

P_ Pinching moment/tcrqus, causecd by the deformaticn c¢f lens,
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_ LaP, 149, 2-1040
Ms“iﬁ?:':-w=3680 kyca.

Bending mom2nt in tha craitical section/cut cf the lens

(section/cut AA, Fig. 1C4)
M =P H — M ==1040-7,1 — 3680 = 3720 «<gcm.

Moment of the inertia of lems in the critical section/cut
1, ==0,262d,s* = 0,262-69,6-0,4* = 1,16 cat.
Bending stress fros the acticn of mcment, tcrque in the critical

section/cut

. Mg 3720.0,4

— — z.
Ry= g~ =15 =640 *9/°"

Bending stress fros tng irntertal fressure

R 04501 0.45-4.7,12
» 6'4!

+ =566 £4/Ccm2.,

Total bending stress

R,—R;+R;=-640+565=1205 kg/cn?,
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vhera the plus sign - wita tae uwcrk of ccmpensatcr ¢n the elcngaticn;
minus sign is - witlk the wcrk of compensatcr on compression.

Stress/voltage on the treakaye from the irternal pressure

4-69,6

R,= X

¥R

=348 xg/cm2,

Page 232.

Resulting stress/vcltage in the critical secticn/cut

.

Ry=V Ri+ R =y 1206" + 348’ = 1250 kg/cm2.
Axial force in the tousing ¢f the agparatus
P = Py P, = 2440 4 1040~=3480 k9.

Stress/voltage in thke wall cf lens in the place of fastening to

the hcusing of the afpraratus

Rn-Pc . 480 ‘zw kg/cnz2,

f ‘d" -31 '4'ﬁ|4'°l
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Table 1, Saturated water vapcr (according tc the tzmperatures).

(N () y.,_(,a?.. 9] (5) «(:Lsnuun ()
Tewne. | DavAenne | ofven | Yaeavaudl | Yae L] P ¢} T
parypa Racuute- :‘;:,'," o6ven sec N t3)
wcnapesus
A R -5 T L R [PWOSN) Re) fa
°c ' :" M T ’ ! xxaaisz |’
- oma x-‘I.n 23]x2 K2l xxa4/k2 | mKasixz

0 |0.006228}0,001000¢ 206,3 | 0,00485 0 597,3 597,3
2 10.007193{0,001000{ 172,9 ; 2.00556 2,0 598,2 596,2
4 |0,008289{0,001000( +157,3 | 0,00636 4,0 599,1 595,1
5
8

0,00953210,001000} 137.8 | 0,00726 6,0 599.9 593.9
0,010932{0,001000| 121,0 | 0,00926 8.0 600,8 592,8 X

10 |0,012513(0,00t000] 106,42 | 0;c0040 ! 10,0 | 601,7 | 591,7 i
12 10,014202]|0,001001 | 93,84 { Q00066 | 12,0 | 602,6 | 590,6 :
14 {0,016289}0,001001 | 82,90 | 0;01206 | 14,0 | 603,5 | 589,5 j
16 {0,0t8523{0,001001 73,39 | 0,01363 | 16,0 |- 604,3 | 588,3
18 |0,02103 |0.001002| 65,00 }0,015% | 18,0 | 605,1 | 587,1

20 ]0.023%3 10,001002( 57,34 | 0,01720] 20,0 | 606,0 | 586.0
22 10.02695 |0,001002| 51,50 | 0,01942 ]| 22,0 | 606,9 | 584,9
24 |0.03041 |0,01003| 45,93 | 0,02177 | 24,0 607,83 | 583,8
: 26 10,0426 |0,001003| 41,04 [ 0,02437| 26.0 | 608,6 | 582,6
} 28 |0.03853 |0,001004 36,73 | 0,02723 | 28,0 | €09.5 | 581,5

P 30 10.043:5 [0,001004] 32,93 | 0,03037 | 30,0 | 610,4 | S60,4
0,04847 [0,001C05| 29.57 | o0.,03382| 32,0 | 611,3 | 79,3
0,05123 |0,001006| 26,60 | 0,03759 | 34,0 | 612,2 | 578,2
0,06057 |0,001006] 23,97 |0,04172! 36,0 | 613,0 | 577.0
38 10.06755 |0,001007| 21,63 | 0,04623 | 38,0 | 613,9 | 575.9

. 40 10,07520 {0,001008] 19,55 | 0,05115] 40,4 | 614,7 | 574.7
! 42 |0,08360 [0,001009| 17,69 | 0,05653 | 42,0 615,5 | 573.5
0,09279 0,001010] 16,04 | 0.06233 | 44.0 616.4 | 572.4
0.10284 [0,001010( 14,56 | 0,06868 | 46,0 617,3 | 571.3
0,11382 j0,00t011| 13,23 | 0,07559 | 48,0 618,1 | 570,1

13
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50 | 0.1258 |0,001012] 12,040 | 0,08306| 50.0 | 619.0 | 569.0
ss | 0,1605 |0,001015} 9,578 |o0,1044 | 55.0 | 621,1 | 366.1
60 | 0,2031 |0,001017} 7.678 | 0,1302 | 60,0 | 623.2 | 5632
65 | 0.2550 {0,001020] 6.201 |o0.,1613 | 65.0 | 625.2 | 560.2
70 | p.317 |0,00023| 5,045 01982 | 70,0 | 627,3 | 557.3
75 | 0,3931 |0,001026] 4,133 ]0,2420 | 75,0 [ 6293 | 554,3
80 | 0,4829 |0.001020} 3,408 |0,293¢ | 80.0 |631,3 | 551.3
"85 | 0,5694 (0,001032| 2,828 [0,353 | 85.0 [633,3 | 5i8.3
9 | 0,7149 |0.001036] 2,361 |0.,4235 | 9,0 | 6352 | 55,2
95 | 0.8619 |0,001010] 1,982 lo,5015 | 951 [637.2 | s
100 | 1,0332 {0.001044] 1.673 10,5677 | 100.1 |639.1 | 3539,0
105 | 1,2318 |0,001047) 1,419 | 0,7047 | 105,1 | 640,9 535,8
110 | 1,4609 [0,001052] 1,210 |0.8264 | 110,2 |642,8 | 532.6

115 1,7239 {0,001056] 1,038 | 0,9652 115.3 | 64,6 519.4
120 2,0245 10,001060} 0,8917 | 1,121 120,3 | 646,4 526, 1

125 | 2,3666 {0,001065| 0,7704 | 1,798 125,4 | 648,1 522,7
10 | 2,7544 1 0,001070] 0,6683 | 1.496 130,5 | 649,8 519.3
135 | 3,192 l0.001075) 0,5520 | 1,718 135.6 | 651,4 515.8
140 | 3,685 }0.001080| 0,5087 | 1,966 140,7 | 653,0 5123
145 | 4,237 |0,001085| 0,4461 | 2,242 145,8 | 64,5 508,7

150 ¢ 4,33¢ |0,00109t} 0,3926 | 2,547 151,0 | 656,0 505,0
153 5,540 10,001006] 0,3466 | 2,885 156,2 | 657,5 501.,3
160 | 6,302 10,001102] 0,3068 | 3,258 161,3 | 658.7 497, 4
165 | 7,146 [0,001108] 0,2725 | 3.670 166,35 |} 660,0 493,5
170 | 8,076 {0,001114] 0,2426 | 4,122 171,8 | 661.3 189,5

175 | 9,100 0,001i21 0,2166 | 4.617 177,0 ] 662,4 483,4
180 | 10,225 |0,001128] 0,1939 | 5,157 182,3 | 663,6 41,3
185 | 11,456 [0,001134{ 0,1739 | 5,750 187.6 | 664,6 477,0
190 | 12,800 [0,001142] 0,1564 | 6,394 192,9 | 663,5 472,6
195 | 14,265 |0,001149] 0,1409 | 7,007 198,2 | 666,3 468,1
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Faga 236,
200 | 15,857 |0,001157] 0,.1272 7,862 | 203.6 | 667,1 | 463,5
205 | 17.585 |0,0011¢1] 0, 1151 8,688 | 209.0 { 667,7 | 458,7
210 | 19,456 [0,001173] 0,1043 9,588 | 214,4 | 668,3 | 453,9
215 | 21,477 |0,001181] 0,09465 | 10,56 | 219,9 | 668,8 | 448,9
220 | 23,659 [0.C01!90) 008606 | 11,62 [ 225,4 | 669,1 | 443,7
225 | 26,007 {0,001199] 0,07837 { 12,7 230,9 | 669,3 | 438.4
230 | 28,531 {0.001209] 0,07147 | 13,99 | 235,5 | 669,5 | 433,0
235 | 31,239 [0,001219| 0,06527 | 15,32 | 242.2 | 669,7 | 427.5
240 | 31,140 {0,0012291 0,0,667 | 16,76 | 247,8 | 669,5 | 421,7
245 | 37,244 {0,001210) 0,05462 | 18,30 | 253,6 | 669,4 | 4i5,8
20 | 40,56 [0,0012511 0,02006 ] 19,99 | 259,3 | 669,0 | 409.7
235 | 44,10 [0,001263] 0,04591 | 21,78 | 265,2 | 668,5 | 403.3
26 47,87 10,001276) 0.04215 | 23,72 | 271,1 | 667,9 | 396,8
265 | 51,87 [0.001289) 0,03572 | 25.83 | 277.1 | 667.3 | 390,2
270 | 56,14 J0,L01302} 0,030 29,09 | 283,51 | 66,3 | 383,2
275 60,66 |0.001317} 0,03274 | 30,53 289,2 665,2 376,0
280 | 65,46 |0,001332) 0,03013 | 33,19 | 295,4 | 663,9 | 368.5
285 | 70,54 [0.wisis| 0,02774 | 35,05 | 301,7 | 662,4 { 360,7
290 | 75,42 |0,00id6u] 0,02554 | 39,15 | 308,1 | 6607 | 352,6
295 | 81,60 [0,C013:4] 0.02351 | 42,53 | 314,6 | 658,8 | 344.2
300 | s7.6t fo,v0ti0tl 002164 ] 46,21 | 321,2 | 656,6 | 3354
305 | 93.95 [0.001425| 0,01992{ S0,720 | 328,0 | 634,2 | 326.2
210 | 100,64 {0.0011471 001832 | 54,58 | 334.9 | 631,4 | 3165
315 | 107,69 [0.0014720 001683 | 59,42 | 3420 | 648,3 | 306,3
RS 15,12 {0,0004991 0,01335 ] 64,72 | 349,2 | €44,9 | 295,7
225 ] 122,95 {0,061529) 0,00117 | 70,57 | 356.7 | €41,0 | 284.3
330 | 131,18 |0,001502} 0,01297 | 77,10 | 34,5 | 636,7 | 272,2
335 |139,85 |0.001599| 0,01184 | 84,46 | 372,5 | 631,8 | 259,3
310 4 148,96 |0,001639) 0,01078 | 92,76 | 380,9 | 626,2 | 245.3
345 ] 158.54 |0,001606) 0,00977 | 102,34 | 389.8 | 619,9 | 230.1
3350 | 168,63 ]0,001741| 0,00881 | 113,6 399,2 | 612.5 | 2133
35 | 179,24 |0.001507} 0,00787 | 127,1 409.4 | 603.8 | 194,2
30 | 190,42 {0,001594] 0,0e684 | 144,0 20,7 | 592,6 | 71,9
365 | 202,21 |0,00:020} 0,00599 | 166,8 4341 | 578,2 | 144,10
370 | 214,68 [0,002220] 0,00493 | 203.0 452,0 | 56,7 | 104,7
374 | 225,22 |0,002500| 0,00347 | 288,0 485,3 | 512,7 27,4

Key: (7). Temperature t cf 9C. (2). Saturaticn pressure p atm{abs.).

(3) . Spacific volum=2 of watsr at saturation fpressure o 23/kg.
(4) « Spacific volume of vagor » a3 /kg. (%). Specific gravity, weight

c¢f vapor r kgsm3. (6). Entaalpy (en*halpy). (7). liquid q kcal/kg.

(8) .

vapor i kcal/ka. (3). keat of vaporizaticn t kcal/kg.
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Table 2, Saturated by water vapcr (on the pressures).
w Q) v..‘.?.)-.-. $) (s (@ Jurasenns (Q)
Nesseme 1 oGuen | Yaeaswud | Yiespaup | (Teniocosepuanne} | tensore
b eaepe- S0AM obre
RACMWI~ npw L] sec ‘_’) (8) Henape-
' unt e ‘I.ltl‘ﬂ.ll.l:-. '.'.‘ naps WNAROCTH naps e
3 » nus v 1 q { Id
; ama c “,’," " »'uz K3/ Kxaa/s2 Kna.e(kd | Kxas'xz
0 ot 6,7 |0.001000] 131,60 | 0,00760 6,7 600.2 | 93,5
0.015) 12,7 }0.001001| 89, 0011151 12,8 | 602.9 | 590.1
0.02 17,2 10,00t1001) 68,25 | 0.01465| 17.3 | 604.9 | $47.6
0.025| 20.8 |0.001002] 55,27 | 0,01508| 20,8 | 606,4 | 545.6
0,03 23,8 |0,00(003] 46,52 |0,02150{ 23,8 | 607,8 | 54,0
0,04 28,6 (0.001004| 35,46 | 0.02820 23,7 609.8 | 581,1
0,05 32.6 {0,001005| 28,72 | 0,03482) 32,6 | 611,5 | 578,9
0.06 35,8 |0.001006] 24,19 |0.00134} 358 | 612,9 | 5i7,]
008 41,2 [0.001003} 18,45 | 0.05420 | 41,2 | 615,2 | 574.0
0.10 45,5 |0,001010} 14,95 | 0,06649 45,5 617,0 | 571,86
10,12 49,1 [0,001012} 12,59 | 0,07943 49,1 618,6 | £69.5
0,15 53,6 |0.001014} 10,2 0,u%04| 53,6 | 620.5 | 566.9
: 0,20 59,7 |0,001017} 7,789 | 0,1284 59,7 623. 1 563, 4
. 0,25 64.6 |0,001020) 6,318 | 0,1583 64,5 625,0 | 560.5
s 0,30 68,7 |0,001022y 5,324 | 0,1878 68,7 | 626.8 N
0,35 72,3 |0.001024] 4,613 | 0,2170 72,2 | 628,2 | 556.0
0.40 75.4 |0.001026| 4.066 | 0,2459 75,4 | 629.5 | 54,1
0,45 783 10,0002 3,641 {0,2746 78,3 | 630.6 | 55.,3
0.0 80,9 [0.001030] 3,299 | 0,3031 80,9 | 631.6 | 550.7
0,60 85,3 10,001033} 2,782 { 0,3595 85,5 633.5 | 544,0
0,70 | 89,5 10,001038| 2,408 | 0,4153 |  89.5 | 635,1 | 545.6
0,80 93,0 |0,001038] 2,125 { 0,4706 93.1 636,4 | 513.3
0,90 96,2 {0,001041} 1,903 | 0,5255 96,3 637.6 | 41,3
1,0 99,1 ]0,001043} 1,725 | 0,5797 99,2 | 638,8 | 539,6
L1 101,8 . 10,001045} 1,578 | 0,6137 101, 9 639,8 | 537.9
1.2 104,3 10,001047} 1,455 | 0,6873 104,4 640.7 | =353
1,3 106,6 [0,001049} 1,350 | 0,7407 106,7 641,6 | 534.9
1.4 108,7 [0,001051} 1,259 | 0,7943 108,9 642,3 | 533,4
) 1,5 1_1(_»,3 0,001052{ 1,181 | 0,8467 11,0 643,1 532,1
) 1,6 112,7 (’).00!0.54 1,111 | 0,900t 113,0 f43.8 | 530,8
1.8 116,3 10.001057| 0.9934] 1,0016 16,6 613,1 £29,5
: 2,0 119.6 [0.001060| 0,9018] 1,109 119,9 | 615.3 | 50,4
) 2,2 122,7 10,001063| 0,8248( 1,212 1230 | 647.3 | 524.3
!:‘ 2.4 125,5 |0,001065| 0,7603| 1,315 125,9 648,3 | 522,4
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2,6 | 128,1 {0,001063{ 0,7055 | 1.417 | 128,5 | 649,2.( 520.7
2.8 | 130.6 {0.001070]| 0,6381 1,520 | 13i,1 | 650,0 | 518,9
. 3.0 | 132)9 [0.001073{ 0.6169 | 1.621 133.4 | 650,7 | 517.3
3.2 | 135.1 {0,001075] 0,5807 | 1,722 | 1357 | 651,4 | 5i5,7
3.4 | 137.2 10.,001077] 0,5486 | 1,823 | 137,8 | 652,1 | 514,3
3.6 | 139,2 ]0,001079{ 0.5199 | 1,923 | 139,9 | 652,8 | 512,9
3.8 | 141,01 [0,001081| 0,4942 | 2,02¢ | 141.8 | 653,3 | 5I1,5
4,0 | 1429 |0,001083] 0.4709 | 2,124 | 143,7 | 653,9 | 510,2 ‘
N 4,5 | 147.2 |0,001088] 60,4215 | 2,373 | 148,1 | 655,2 | 507,1 :
5,0 | 1Is1,1 |0,001092! 0,3817 | 2,620 | 152,1 | 656,3 | 504,2 ;
; 5.5 | 154,7 10.001096] 0,3491 | 2,871 | 155.9 | 657.3 | 501,5
6.0 | 1581 |0,001100{ 0.3214 | 3,111 159.3 | 658,3 | 498,9
6.5 | 161.2 |0,001104] 02981 | 3,3% | 162,6 | 659,2 | 496,35 :
7.0 | 164,2 10.001107] 0,2778 | 3,600 | 165.7 | 659,9 | 494,2 :
75 | 167.0 |0,001111]0.2603 | 3,343 | 168.6 | 660,6 | 492,0 } ;
8.0 | 169,6 |0.001114f 02118 | 4,085 | 171.4 | 661.2 | 489,8 i
8.5 | 17201 |o.win7lo w32 | 4,327 | 174.0 | 661,8 | 4879 4
9.0 | 174.5 [o.0v1i20) 0.21%9 | 4,568 | 176,5 | 662,3 | 485,8 i
9.5 | 1768 [0 W01123[0,2079 [ 4,811 179.0 | 662,8 | 483.9 i
, 10 179.0 |0.001126] 01950 | §5.051 181.3 | 663.3 | 482.1 ] ]
» t
i 183,2 10,001132| 0,1808 | 5.531 185,7 | 664,1 L 478,4 |
12 157,01 {0.001137] 01663 | 6,013 | 189,8 | 6649 | 475.1
13 190.7 {0.001143) 01540 | 6,494 | 193.6 | 6656 | 472,0 i
14 194.1 {0.001145/ 01434 | 6,974 | 197.3 | 666,2 | 463,9 j
15 197.4 10,001153] 0,1342 7.452 | 200,7 | 666,7 | 465.9 ;
t
16 200,4 [0,001157| 0,1261 7.930 204,0 667,1 | 463,1 f
17 203.4 {0,001162; 0,1189 | 8.410 | 207,2 | 667.5 | 4t0.3
18 206.1 |0.001166] 0.1125 | 8,889 | 210,2 | 767,8 | 457.6
19 208.% |0,001171{ 0.1067 | 9.372 | 213,1 | 668,2 | 455.1
20 21,4 {0,001175] 01015 | 9,852 | 215.9 | 668,5 | 452.6
21 213.9 |0,001150{ 0,00676 | 10,34 28,6 | 668,7 | 450,1
22 216,2 |0,001183} 0,00245 | 10,82 21,2 | 668,9 | 447.7 ]
23 218.5 10,001187{ 0,u8849 | 11,30 138 | 669,0 | 445,2 i
24 270.8 |0,001191 | 0,086 | 11,78 226.2 | 669,2 | 443.0 j
25 2229 [0,001195( 0,08150 | 12,27 2286 | 669,3 | 40,7 i
2
i

e
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2 225.0 10,001199| 0,07838 | 12,76 | 230,9 | 669.4 | 438.5
7 27.0 [0,0012031 0,07551 { 13,28 | 233,2 | 669.4 | 4:6,2
g 28 229.0 }0,001207] 0,07282 ] 13.73 | 235,4 | 669.5 | 434,1
29 2309 (0,00t1211] 0,07032 | 14,22 | 237.5 | €69.5 | 432,0
30 232,8 |0,001214| 0,06797 | 14,93 | 2396 | 669.6 | 430.0

3?2 235,4 {0,001222] 0,06370 | 15,70 | 243,7 | 669.6 | 425,9 4

34 239.8 |0,001229] 0.05995 | 16.68 | 247,6 | 669,5 | 421,9 :

36 243.0 10,001236{ 0,05654 | 17,69 | 251.3 | 669.4 | 45,1 j
38 246.2 10,001243} 0,05352 | 18,68 | 254,9 | 669,2 | 414.3

: 40 | 249)2 }0,001249} 0,05077 | 19,70 | 238,4 | 669.0 | 410.5 ‘

i

42 252,1 10,001256) 0,04529 | 20,71 | 261,8 | 668,8 | 407,0 i

44 254,9 10.001263] 0,04601 | 21,73 | 265,0 | 668,5 | 403.5 i

46 257.6 10.001269} 0,01394 | 22,76 | 264,2 | 668,2 | 400.0 !
48 260.2 10,001276[ 0,04203 | 23,79 | 271.3 | 667,9 | 346.6

S0 262,7 [0,001283] 0,01026 | 24,8% | 274,3 | 667.5 {.93.2 '
* 55 268,7 {0.0012991,0,03639 | 27,48 | 281,5° | 666,6 | 145,1
60 274,3 [0.001315] 0,03313 | 30,18 | 284,3 | 665.4 | 377.1
65 279.5 10,001331 | 0,03036 . 204,8 | 661,0 | 69,2
70 284,5 ]0,001347] 0,02798 | 35,74 | 301,0 | 662,6 } 361,6
75 289.2 |0.001363}.0,02589 | 38.63 | 307,0 | 661.0 [354.0
80 293,6 {0,001379(0,02405{ 41,58 | 3i12,8 | 659,3 | 16,5
: 84S 297,9 10.001305| 0,02243} 44.38 | 318,4 | 657,6 | 39,2
- 490 301,9 |0,001412} 09,0209 | 47,71 | 23,8 | 635,7 | 131.9
95 305.8 |0,00142810,01965 | 50,89 | 329.1 | 673,8 | 324.7
100 309,5 |0;001445} 0, 018461 54,17 | 334.2 | 681,7 |317.5
110 316.6 10,001480] 0,01633 | 61,05 | 344,2 | 647,2 | 303.0
120 323,2 10,0015171 0,01463 | 68,35 | 353.9 | 642,5 | 248,6
130 329,3 {0,001557} 0,01313 76,16 1 363,14 6837,2 { 273.8
140 335,1 10,001600| 0,01452| 84,60 | 372,7 | 631,7 | 259.0
‘ 150 340,6 |0,001641] 0,01066 { 93,81 | 381,9 | 625,6 | 243,7
5 160 345,7 [0,0016331 0.00963 | 103,9- | 39t,1 | 6i8,9 |227.8
h 170 350,7 10,001748 0,00568 | 119,2 400,4 | 611,5 | 2111
_ 180 355,4 |0,001812| 0,00780 | 128,2 410,1 | 602,8 |192,7
190 359.8 10,001890( 0,00697 | 143.5 420,4 | 593.0 | 172,6
200 364,1 [0,001987] 0,00618 | 161.9 431,3 381,4 1 150,1
210 368,2 |0,002130| 0.00335 | 186.9 44,5 | 565,9 | 1214
20 372,1 10,002380( 0,00436 [ 229.0 463, 542,3 | 79,9

Rey: (1}). Sa*turation pressurse p atm{abs.). (Z). Temgerature ¢t oC,
s {3) . Specific volume cf water at saturation Fressure ° w3/kg. (4).

Specific volume of vapcr » xgsmad. (5). Specific gravity/weigkt of

vapor y kg/m3. (6). Enthalpy (=ntaalpy). (7). liquid q kcal/kg. (8).

vapor i kcal/kg. (9). Heat of vaporizaticn r kcal/kg.
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. Tabla 3, Overheated water vagpcrI. :
p. atm
0,05 ( 0,06 { 0,08 | 0,10 0,12{ 0,16 0,20 | 0.30 | 0,40
t, °C
v [ 31.31) 6,08 19.56) 15,64 13,00 9.78 7.797
60 23.9 {623.9 |623.8 |623.7 {623.6 |623.4 |623.2
v | 33.19] 27.65] 20.74] 16.58| 13.81} 10.36| 8.277] 5,507 4.123
80 ; |[633.0 |632.9 |632.9 |632.8 [632.8 |632.6 [632.5 |632.1 |631,7
o | 35.08[ 29.23{ 21,92} 17.53| 14.60{ 10.95| 8.752| 5.826| 4.365
100 , 6421 |642.1 |642.1 |642,0 |641,9 |641.8 |641.7 |641.4 [641.1
v | 36.96] 30.50| 2310 1847 15.39 11.54] 9.226| 6.143 4,604
120 ;  }e51.1 |651,1 [651.1 |651,0 [651,0 |650,9 |650.8 |650.6 |650,3
o | 33.85]°32.37] 24.28] 19,42} 16,18} 12,13 9.690f 6.450 4.842
140 4 2 1660,2 |660,1 |660.1 |660,] |660.0|659.9 |659.8 [659,5
o | 40,73| 33.94] 25.46) 20,36 16.96| 12'72| 10,17 | 6.776] S.079
(60 ; [660,4 |66Y,4 |669,3 [669.3 |669,3 [669.2 [669.1 [669.0 [668,8
o | 42.62| 35.51| 2664 21,30l 17.75| 13.31] 10,65 | 7.092| 5,317
. 180 ; |678,6 |678,5 |678.5 [678,5 |678,5 {678.4 {678.3 |678,2 [678,0
A o | 44.50| 37.08] 27,82 22.24| 18.54{ 13]900 11,12 ] 7.407] 5.553
20 ; 687,83 |687.8 |687.8 |687.7 |687.7 |687.7 |687.6 |687.5 |687.4
o | 46.39| 38'65( 28,99 23.19] 19.32( 14,49 11.59| 7,722} 5.790
220 ; |697.0 |697.0 {6970 |697,0 {697,0 |696.9 [696.9 |696.8 696,7
o | 8.27] 40.22) 30.17] 24,13} 20.11{ 15.08| 12.06 | 8.038] 6,026
240 ; |706.4 |706.4 |706.3 |706.3 |706.3 {706.2 {706.2 |706.1 [106,1
| o | 50.15| 41,79 31.35| 25,07} 20,89 15.66{ 12,54 | 8.352] 6.263
F B0 ; (7159 [715.8 {715.7 (7157 (7157 |715.7 [715.6 |715.5 {715.5
E v | 52,01} 43.36{ 32.52| 6.0 21.65| 16.25| 13.01 | 8.667 6,500
; 20 ; |725.2 [795.2 {735.2 |725.2 [725.2 |725.2 |725.2 [725.1 (725.1
' v | 5392 41,93 33.70| 26,96/ 22,46( 16.84] 13,48 | 8,983| 6,736
300 ;31,8 |734.8 |734.8 |731.8 |734.8 |734.8 [734.8 |734,7 [734,7
o 0 | 55.50] 46,50] 34.58| 27,90] 23,25 17,43| 13.95 | 9.298| 6,971
320 ;0 loadld |74 [7T404 (7444 [744.4 [ 74404 | 7444 [744.3 [T44.3
v | 57.69| 48.07| 36.05| 28.84| 24.03| 18.02| 14.42 | 9.612] 7.207
340 ;  [754.0 |754.0 [754.0 |754.0 |754.0 |{734.0 [754.0 |754.0 753,9
o | 59.57| 49.64| 37.23| 29.78| 24,82 1861 14.59 | 9.926) 7,443
30 ; 7638 |763.4 7638 |763.8 | 763.8 [763.8 | 763.8 | 763,8 1763.7
o |'si46! siloot 3¢ 01} 30.72] 25.60] 19,20} 15.36 | 10.24 | 7.679
: 380 ;' 17736 |773.6 |774.6 |770.6 [773.6 | 773.6 | 773.6 |773.6 [T73.5
* o | e3.23] a2.78| 10 59] 31767 26.39] 19.79) 15.43 ] 10,55 | 7,916
400 i T8I0 TSNS, 4 (TN [ Te3, 4 ] 783,4 1782.4 1 783.4 ]783,4 783,3
v | 6520 51.35) 40.76| 32.61| 27,170 20,37| 16.39 | 10,87 | 8,151
420 ;' {793.3 |795°3 [793.3 {793.3 {793.3 |793.3 | 793.3" |793,3 [793,2
o | 67.09] 55.92( 41.91] 3355 27.95| 20'96| 16,77 | 11,18 | 8,387
' 40 ;' [:03.3 |£03.3 |€03.3 |+03.3 |203.3 |£03.3 |503,3 |€03.3 [803,2
o | 6498 57.48] 43.12] 34.49] ™8.74| 21.54] 17,23 | 1,50 | 8,63
460 ;' |5)3'3 [813.3 |813.3 1813.3 |813.3 1813.3 {813.3 [813,3 [813,2
- v | 706] £9.05] 41.40! 35.43| ~9.52 22.13] 17,70 | 1.5t | 8,9
. 450 ; |g23'4 (8234 [623.4 [523.4 |823.4 [823)4 |823,4 |823,4 [823.4
° v | 7274 60,621 15.47] 36,38 30,31 22i7ol 1817 | 12,12 9,00
500 ; 1s13.6 [933.6 |833.6 [8a3.h |533.6 |A33.6 (8336 |833.6 [833.6
, o | 77.45| ¢4.55| 48,41 38.730 32.27| 24.20f 19,35 | 12,91 | 9.682
S0 ; [859.3 [859.3 [859.3 [859.3 [859.3 [#59.3 (859,3 [859,3 [859.d
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DOC = 30040212 [aGE B0

Fage 242, ’ 0

Con*inuation Tabls 3.

h . atm™
1.8 |20 |25 |30 {40 |50 [60 |70 | 80
t, °C
v 1,006] 0,903 3
. 120 ; |647,0 646.5 3
) n_oez. 0.955| 0,760 0,630
40 ;  656.9 636.5 [655,6 654.3
en U | 117 1,004 0.800] 0,664 0,494) 0,392 0,323
160 ; '666.6 666,4 665,5 |664.7 663,1 ,661,3 69,4
v 1,m| 1.053| 0,340 0.698] 0,570} 0,413 0,242| 0,291] 0,252
180°; l676.1 675.9 |675.2 [674,5 [673.2 |671.7 |670.1 |668.8 |667.3
v 1,2251 1,102 0,879 0,730 0,545 0,433 0,359 0,306/ 0,2
200 ;  i685,7 1685.4 684.8 684,27 (683.0 1681,7 1680.6 (679,5 [678.2
aog ¢ | 1.278] 1,150 0,918 0,763 0.570f 0,454 0,376 0,321 0,280
220 ;6952 1695.0 694.1 |693.9 [692,9 [691.7 600.7 (689.7 |688.7
o ¥ 1,332 1,198 0.957] 0,796{ 0,594/ 0.474] 0,393 0,336| 0,293
40 i l704.8 [704.6 704.0 [503.6 (702.7 [701,7 |700.9 (699,9 [699.0
e 1,385 1,246/ 0,995 0,878/ 0,619 0,494] 0,41 o.&sq 0,305
60 ;143 (1142 71307 (71304 (7126 (711.7 (710.9 (710.1 |709.3
oun ? 1,438 1,294| 1.034] 0,860| 0,643 0.513] 0,426/ 0,364 o.swﬂ
M0 ;17240 (723.9 (7235 |723.2 [722.5 |721.8 |[T21.1 |720.3 [719.6 ]
v 1,491 1,342 1,077 0,892 0,668 o.sasl 0,443] 0,379 0,331
300 ; (7338 7337 (7333 [733.0 (732.4 |731.8 (731.2 |730.5 [729,9
v 1,545 1,390 t.111] 0,974 0,692 0.5521 0,458 0,393 0,343
0, [743.4 (743.3 (74301 [742.8 [T42.3 (7417 [741.2 [740,5 [740,0
v 1.50% 1,437 1.149) 0,956 0,716] 0,572 0,475 0.407] 0,355]
HO . 7s3.2 7531 [732.9 [752.6 [752.2 |751.6 [75h.1 (750,6 {750,2
v 1,650 1,485) 1,197 0,988 0.740f 0,591 0,492] 0,421} 0,367 ;
360 ; 1763.0 [762.9 !762.7 i762.5 [762,1 |761,6 |761,1 {760,7 (760.3 :
v 1,702 1,532 1,225| 1.020{ 0.764] 0.610| 0,508| 0,435| 0,380 ]
380 (77209 |77eis 17726 |772.4 [772,0 1771.6 |771.1 |770.8 [770.4
v 1,755| 1.579] 1,263 1,052 0,788 0,629} 0,524| 0.448| 0,392
100 . 728 (7s2.7 l78205 178204 [732,0 |781.6 [781.2 |(780,9 ‘80'54
v 1.807] 1.627 1,301 1.084) 0,811] 0,649 0,540{ 0,462| 0,404
. 420 ;' Ger's l790.7 (792’5 (7924 [792.0 [791.6 [791.3 |791,0 [790,7
o ¥ 1,060) 1,674 1,339] 1,115) 0.335) 0,668 0,556{ 0.476| 0,416
10 ;1 lso2l9 [sor.7 wo?l5 [s02.4 [802,1 |501.8 [301,5 |[801,2 [500,9
v Lot 1,72 1,377 1,147 0.859] 0,687 0,572 0,490 0,428
460 ;1 Isi2ls fBizs (12,7 812,53 (812.3 |812,0 [R11,7 (811.4 [B11,1
wo Y 19630 1,768 1,4150 1,178 0,883] 0.706( 0,588 0,503 0,4 ]
80 182300 ls23.0 (82209 8227 [822.5 '822,2 I821.9 821,6 [821.3
e | 2.0t8] 1813 1.453] 1,210 0.%07 0.725[ 0.604] 0,517] 0,
- 500 1 lea3io w3 i8I 1 537.0 [832.7 |832.4 (832.2 [831.9 (831, ‘
< sog U | 2071 toxedl 1.490) 1,2421 0,930 0,744} 0,619 0.531) Q. '
520 0 N4304 184304 1s43.3 sa3.1 (342.9 1342.7 18425 18423 (842, )
550 ¢ 2500 1,930 1,547 1,289 0.e6] 0,772 0,643 0,551| 0.
i [339.0 [854.9 la'u,h W58.7 |458.5 1858,3 |a58,1 (857,9 (857
| i
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Continuation Vable 3. :

10 12 14 16 18 20 ] 0

) 0,223 o_ml
: : 665.5 |663.8
0.235| 0.2100 0.173) 0.146

At mrm et v

1/
i
24
20 ; 1676,8 (675.4 (672,9 [670,0
v 0,2471 0,221} 0,183 0,155 0.134| 0,118/ 0,104
220 ; [687,5 [686,5 684.5 |682,3 |679.8 |677.0 |674,4 ) ;
° 0, 0,232l 0,192 0,163 0.141] 0,124| o.111{ o.086 0,070 ,
240 ; |g98.1 |697,2 [695.4 [693,5 |691.4 [689,3 |687,2 |681,4 [675.0
o | nomol 0,243 0,201 0,171} 0,148{ 0,131 0.117{ 0.092 0,075
260 ; I708,5 [707,7 |706,0 |[704,4 |702,6 [700,8 699,0 {694,2 1688,9
o 0,282 0,253 0,209 0,178 0,155 0.137] 0.122| 0.09| 0,079
20 ; 7189 (718.2 IM6.7 |715,2 (713,7 [712,1 |710.6 [706,5 (7021
v 0.293 0,263} 0.218] 0,186) 0,162] 0,143 0,128 0,101] 0.043
300 ; (29,3 (728.6 (727,3 (725,9 (724.7 (723,3 (722.0 (N18,5 |714.9
v 0,304] 0.273) 0.227] 0,193 0,168 0,149] 0,133} 0,106] 0,057
320 ; 7395 |738.9 |737.7 |736,5 |735.4 [734,2 |733,1 [730,1 727.0
o | 0,313 0,283 0,235 0,201] 0.175| 0,155 0,139 0,110 0,0.1
M0 |749,7 [149,1 [T48,1 (747,0 [746,0 7449 743,9 [741.2 |738.4
; v 0,326/ 0,293 0,243 0,208{ 0,181] 0.161| 0.144] 0.114[ 0,091
, 30 ; [759.8 [759.3 [758,3 |757.4 [156,> [755,5 |[754.6 [752.2 (749.6
1 v 0,337| 0,303] 9,252 0,215 o.nssl 0,166] 0,149 0,118 0,09~
380 ; |[769.0 [769.5 (768.6 |767.8 |767,0 |[766.1 |765.2 |763,1 [760.Y ]
v 0.348| 0,313] 0,260] 0,222 0,194 0.1721 0,154 0,123 0.101
00 ; (780.1 |(779.7 [778.9 (778.2 [777.4 (f76.6 [775.8 ,773,9 [771.9
v 0.350) 0,322| 0.268 0,279 0,200{ 0.177] 0.139 0.127 0,105
420 ;  [790,3 [789,9 |789,1 [788,5 [787.8 |787,1 |786,3 (784,7 (7829
o | 0,360 0,332] 0.776] 0,236 0.206{ 0,183 0.164] 0,131] 0,108
s 40 ; Is00.5 [S0U.1 [799.5 (798,9 [798,2 [797.6 [796.9 [795.4 [793.7
o | 0,380 0.312 0.294| 0,243 0,2t3] 0,188 0.169| 0,135 0.117
460 ; 310,38 [310,4 |809.9 !809.3 |808.7 1808.1 [807.5 [N06.1 |S04.5
v 0,391 0.352] 0,293f 0,250 0.2i9] 0,194 0.174] 0.13% 0,115
480 ; s2t,1 1820.8 |820.3 [819.7 (8I9,1 (818.6 (818.1 [$16.3 [815.4
v 0.40t] 0,361 0,301] 0,257] 0,225| 0,199 0.179| 0,143 0.119
00 ; 1i831,5 [831,2 [830,7 |830,2 [829.7 (829.2 (N28.7 [827.4 (876,
. ° 0.412] 0,371} 0,309 0,264F 0.231] 0,205| 0,184/ 0,147} 0,127
o 520 ; ls4i,9 |341.6 3411 |[840,6 [840,1 [839.7 i839,3 [834.1 [836.9
v 0.423| 0. 0,317] 0,271 0.2371 0.210| 0,189 0.151] 0,125
40 ; 1852,3 [852.0 [851,6 [851,2 [450.7 [450.3 [$49.9 [844.8 [R47.7
ss0 ¥ 0,428] 0,385 0,321] 0,275} 0.240f ©0.213] 0.192] 0,153 0.1 !
. ¢ |[857,5 (857,3 [856,9 [856,5 [855,0 |856.6 [455.2 [834,2 [853. :
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: Paga 244,
. continuation Table 3,
t 2, atm ‘]
4 35 10 45 50 60 70 80
i ¢, °C
F
. e | 0.0623] 0,0530] 0.0457
; 20 ; 6838 673,0 |671.6
v | 0,0663 0.0568] 0.0154] 0,0433] 0.034
280 ; [697.8 693,0 |687.9 |682.7 |671.0
v | 00700, 0.0602f 0.0526| 0,0465 0.0371) 0,0303] 0,02504
i 300 ; (711,11 {706,9 [702,5 [698,4 |689,0 [678.7 |667.0
; " 0.0735| 0,0634 0.0356| 0.0493| 0,039 0,0329} 0,027
} 320 ; (723.6 (720,2 (7163 |712.9 |705.2 |697.1 |688.1
o | 0.0768 0.0664| 0.0584 0.0519 0.0421] 0.0351] 0,02
340 ; {735.6 (732, 729.5 7265 {720,1 [T13.3 |706.1
v | 0.0%00] 0.0691 0.0610{ 0,0544| 0.0443 0.0371] 0,031
. 0 ;47,1 (745 (7420 (7394 [733,9 |728.0 [721.9
o | 0,083 0,0722] 0.0636| 0.0568) 0,0464] 0.0391] 0,033
80 ; 78,5 (736.2 {753,.9 (750.7 (746.9 |741.8 {736.5
o 0,063| 0.0750| 0.0662] 0,0591| 0.0485] 0,0409 0,0352
400 ; 1769.8 |767,8 {765.7 {763.6 (759.3 (754.8 |750.3
. o | 0,089 0,0777] 0,0686] 0.0614 0,0505| 0,0426{ o,
420 ; 7810 779,01 |777.4 |7TI5.4 [77L.5 |767.4 |763.4
e 0,0924] 0,0804) 0,0711) 0,0636) 0,0524] 0,0443| 0, 0383}
40 ; l792.0 7903 |784.7 |786.9 |783.4 |779.8 |776.1
v | 0.0954 0.0330 0,0734) 0,0658{ 0,0542] 0.0460{ 0,0398
Do 460 ; 2030 %01.5 [799,9 |798.3 |795.2 [791,9 |783.6
o 0.09+3), 0,036 0,0755| 0.0679 0,0561] 0.0476] 0,0412
480 [ 813,9 8125 811,01 |#09,7 |506,8 [803.,8 |800,9
[ o | 0.1012 0.0%82] 0.0781] 0,0700{ 0.0579 0.0492} 0,042
1 500 ; [324.8 823,5 8222 )820,9 |8I%,3 |815,6 }812.9
. o | 0,104 0.0008) 0,0204f 0.0721} 0,0797| 0,0508f 0,044
520 ;18357 (R31.3 (K313 8321 8297  1827.3 824.7
, o | 0,070 0,003 0.8 o0.0712 o0.0614 0,0523 0,045}
510 ;' [846.6 845,5 [AM,1 83,3 841,01 1838,8 1836.4
, v 0,10%4] 0,0946f 0.0838 0,0752f 0,0623f 0,0531] 0,046
55 i [852.0 551.0 [819.9 [848.8 |846,7 |844,5 |842,2
v 0,1155] 0,1008) 0.0894] 0,0%03] 0,0666 o.osssq 0,0494]
- ’ 600 i 879.3 I(878.4 |877.5 |876,6 |B74.7 |873.0 |871,1
& v 0,12:5| 0.1070] 0,0950| 0,0853] 0,0708] 0,0605| 0,0527
650 i  906.7 1905.9 |%93,2 |904,4 |902,9 [90i.4 [899.3 :
v 01205} 0,131} 0,1004] 0,0002} 0,0750{ 0,0641] 0,055 »;
00 @ 934,38 (9337 |1 |932,4 (931,2 [929,8  [928.4
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Table 4. Physical rarameters or water vagor cr the line of

sa*turation.

*

|
\

m | @ 3) 4 ) s () o 8)
Tesne- | Jande- | yieqonan yfﬁ.m'.'. Krmﬁ?;": renv:liparypo- Currigl Rind
el 2 ' e | e T3y Pwa | Tiems [Ty
|wxa.e/xz °C | %4} m-vac °C a'vac X2 - cex|n® @f’,u‘
100 | 1.0 0.598| 0.48 2,08 72,5 1.23 [20.15
110 | 1,46 0,827 0.49 2,23 55,1 1,30 |15,43
120 | 2,0 1,12t| 0,50 2,37 2.7 1,3 |11,88
130 | 2,75 1,496 0,52 2,40 30,9 1,40 | 9,17
140 | 3,690 1.966| 0.55 2,45 22,6 1,44 | 7,18
150 | 4.85 2,547 0,57 2,59 17,4 1,5t | 5.8
160 | 6,304 3,258 | 0.60 2,64 13,50 1,55 | 4,67
170 { 8,080 4,122] 0,62 2.75 10,75 1,60 | 3,80
180 | 10,23 5.157| 0,65 2,86 8,55 1,64 | 3,12
190 | 12,80 6,394 | 0.69 2,98 6.75 1,67 | 2,59
200 | 15,86] 7.862| 0,72 3,10 5,48 1,73 | 2,16
210 | 19,46 9.588 | 0,77 3.2 4,37 1,78 | 1,82
220 | 23.66| 11,62 | 0,82 3,33 3,50 1,83 | 1,54
230 { 28,53 13,99 { 0,87 3.4 2,83 1,88 | 1,32
240 | 34,14f 16,76 | 0,95 3,66 2,30 1,93 | 1,13
250 | 40.36{ 19,98 1,01 3,88 1,92 1,98 | 0,974
20 | 47.87] 3,72 | 1.08 4,10 1.60 2,04 | 0.843
270 | 56,14 8,09 | 1,19 4.31 1.29 2,10 | 0,732
°50 | 65.46| 33.19 | 1.30 4,55 1,05 2,16 | 0,637
290 | 73.92) 39,15 | 1,51 4,88 0,81 2,22 | 0,557
300 | 87.61) 46,21 1,65 5,40 0.7 2,29 | 0,487
310 {100.64f 54,58 | 1,88 5,80 0.5 2,37 | 0,425
3.0 [115.12) 64,72 | 2.20 6,33 0,44 2,45 | 0,972
330 (131,18 77,10 [ 2,56 7.00 0.35 2,55 | 0,32
340 {148.9 02,76 | 2.80 8.00 0,708 2,67 | 0,282
3:0 {168,563 113.6 4,00 9,70 0.203 2,82 | 0,243
360 [190.42] 144 0 5.00 10,60 0,148 3,03 | 0,207
370 214,68} 203,0 7.00 13,2 0,093 3,45 | 0,169
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4 Key: (1). Temperature ci t9C. (z). Pressure [ atam(aks.). (3).
8 Specific gravity/weight 7 x3/23. (4). Specific heat ep kcal/kg
9C. (5) . Coefficient of thermal ccnductivity 102 )\ kcal/m-hour °C,

(6) . Coafficiant of thersal daifrusivity 103a g2/h. (7). Dynanmic

viscosity 108 u kges/m?2. (8). Kinematic visccsity. (9). mi3/s.
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Physical parameters of cverneatca eater vapcr.
1.6
© i
3
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<
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g
4 &) " Tapjcaed —_—
ae L__ R ! )
*100 160 780 220 250 J00 340 J8G i8 %60 300 540t °C
Fig. 1. Heat capacity ct superhsated wvater Vagcr.
: Key: (1). kcaly/kg °C. (&)« kgscm3, (3). kgs/ca2,
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* Fig. 2. Coefficient of thersal conductivity of cverheated water
{
vapcr. f
.: K2y: (). kcal/m-hour ©°C. {(2). kgscm2.
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% : Pig., 3. Coafficient cf dynaamic viscosity of cverheated water vapor.
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Table 5. Physical parametars rfor the dry air at F=1 atm(abs.).

M| (| veedda| (D) S TS Knaloere-
et e e o e
J? 1 Kaf R (LR 1 a 0 100
x%aa/x2°C xxaalu-vac °C &'[vac NI-cex o b ) #een
—180 | 3,685 | 0,250 0,65 0,705 0,66 1,76
—150 | 2,817 | 0.248 1,00 1,45 0.89 3.10
—100| 1,984 | 0,244 1,39 2,88 1,20 5,94 |
—50 i 1,53¢ | 0,242 1,75 4,73 1.49 9,54 5
—20| 1,365 | 0,241 1,94 5,94 1,66 11,93 t
!
0] 1.252 | 0,241 2,04 6.75 "1.75 13,70
10] 1,206 | 0,241 2,1 7.24 1.8t - 14,70 i
201( i.164 { 0,242 2,17 7.66 1,86 15,70 i
30| 1,127 | 0,742 2,22 8,14 1,9 16,61 ‘
401 1,002 | 0,242 2,28 8,65 1,96 17,60
0| 1,055 | 0,243 2,35 9,14 2,00 18,60
60| 1.025 | 0,243 2,41 9,65 2,05 19,60
70| 0,96 | 0,213 2,46 10,18 2,08 20,45
80| 0,98 | 0.244 2,52 10,65 2,14 21,70
a0 0.942 | 0,244 2,58 11,25 2,20 22,90
100{ 0,916 | 0,244 2,64 11,80 2,22 23,78
120 0.870 ) 0.215 2,75 12.90 2,32 26,20
140 | 0.827 | 0,245 2,86 14,10 2,40 28,45
60| 0.789 | 0,246 2,9 15,25 2,46 30,60
150 | 0.755 | 0,247 3,07 16,50 2,55 33,17
200 0,723 | 0,247 3,18 17,80 2,64 35,82
%01 0,651 | 0,249 3,42 21,2 2,88 42,8
00| 0.546 | 0,250 3.69 24,8 3,03 49,9
350 | 0,540 | 0,252 3,93 28.4 3,21 51,5
100 0,508 | 0,253 4,17 32,4 3,36 64,9
00| 0,450 | 0.256 4,64 40,0 3,69 80,4 f
G001 0,400 | 0,260 5,00 49,1 4,00 98,1
800 | 0.325 | 0.266 5.75 68,0 4,54 137.0
- toon ] 0.268 | 0,272 6,55 89,9 5.05 185,0
- 1200} 0,233 | 0,278 7.7 113,0 5,50 232,5
*
I 1400 | 0.204 | 0,284 8,00 138,0 5,89 282,5
P 1600 | 0.182 | 0,201 8,70 165,0 6,28 338.0
18001 0,165 | 0.207 9,40 192,0 6,68 397.0
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ff K2y: (1). Temperature ¢t °C. {(2). Specific gravity/weight 3y kg/n3,
|
] (3) . Spacific heat ¢p kcal/ky 6C. (4). Ccefficient of thermal
1 conductivity 102 X kcal/m-cour 9C. (5). Coefficient of thermal

diffusivity 102a m2/h. (6). Dynémic viscosity 106 u kg-sem2, (7).

r? Kinematic viscosity. (8). m2/s. q
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Table 6. Physical parameters cr water on the line of saturaticn.
0 ) (&) ) |Nospiu- | Kospon (1) | Keintua Q)
Nlasae- | Yaem- | Yieasnas unent uneny Hunaun- | 1uve- Korpodu-
Teune- une L1 TepA0- | tenaonpo- | Temnepary-| teckas cxan anewt
paryps nee CMROCTS | DOANOCTH |PONPOBOINO-| ENIXOCTS BRIXO-
¢ 9C 14 1 p A Jmlo‘o 172N u;ﬂ. ‘:"é
° -4 Y nz-cex;m? * .°
amo | <% lxxauxz°C mm;yg a ul.-cg: €EX| M cex
1 t 999,8| 1,012 0,474 4,7 182,5 | 1.790 | —0,53
10 1 999.6) 1,006 0,194 4,9 133.0 | 1,300} +0,88
20 1 998,21 1,004 0,515 3.1 102,0 1,000 2,07
Jo 1 995,61 1,003 0,531 5,3 87,7 {0,805 3.4
40 1 1992,2] 1,003 0,545 5.8 66,6 | 0,639 3.9
& 1 988,01 1,003 0,557 3,6 56.0 | 0,556 4.6
60 1 083,21 1,004 0,567 5.8 18,0 | 0,479 5.3
70| 1 j977,7] 1,006 0,574 5.8 41,4 | 0,415 5.8
g0, 1 971,81 1,007 0,580 5,9 36,3 | 0.366 6.3
9| I 965,34 1,009 0,585 6,0 32,1 {0,326 7.0
100 ; 1,03{958,3} 1.0i0 0,587 6,1 2.8 {0,295 7.5
110 1,46{v51,8| 1,012 0,589 6,1 26,0 | 0,204 8,0
120 | 2,02{943,1] 1,015 0,590 6,2 23,5 | 0,244 8,6
130 | 2,75(934.8] 1.020 0.590 6.2 20,6 {0,226 9.2
140 } 3,691926,1] 1,025 0,589 6,2 20,0 | 0,212 9.7
150 ¢ 4,85/916,9§ 1,032 0,588 6,2 18,9 | 0,202 10,3
160 | 6,301907,4] 1,040 0,587 6,2 17,7 0,19} 10,8
170  8,081897,3| 1,048 0,584 6,2 16,6 | 0,181 11,3
180 | 10,221886,9| 1,057 0,583 6,2 15,6 | 0,173 12,2
190 | 12,801876,0) 1,068 0,576 6,2 14.8 ] 0,166 12,9
200 | 15,861 864,71 1,078 0,570 6,1 4,1 0,160 .
210 | 19,46{852,8} 1,10 0,563 6,0 13,4 | 0,154 14.6
220 | 23,06/ 840.3| 1,11 0,555 6,0 12,8 | 0,149 15,6 :
230 | 28,331827,31 1,12 0,548 6,0 12,2 | 0,145 16,7
240 | 34.4}813,6] 1,13 0,540 5.9 1.7 10,141 ,9
250 | 40,561799,2( 1.16 0,53t 57 11,2 10,137 19,4
260 | 47,87|784,0( 1.18 0,520 5.6 10,8 10,135 21,2
270 | 56,14/ 767,9| 1,20 0,507 3.9 10,4 10,133} 223
280 | 65,461 750,7| 1,25 3,494 5,3 10,0 | 0,131 24,0
200 | 75,921732,3] 1,30 ,480 5,0 9,6 }0,129| 25,7
300 | 87.61/712,5] 1,38 0,464 4,7 9,3 10,128} 31,4
310 1100,64)690,6| 1,47 0,446 4,4 9,0 | 0,128
320 (115,121667,1( 1,57 0,425 4.1 8.7 {0,128
330 |131,181640,2] 1,72 0,402 3,7 8.3 |0127] 45
340 {148,9|609,4] 1,95 0,376 3,2 7.9 0,127} 61
350 [168,63)572,01 2,2 0,344 2,7 7,4 2T 69
360 1190,42|524,0| 2,43 0,306 2,4 6.8 {0,127 112
370 214,681 448,0] 2.68 0,252 2,1 5.8 10,1271 | 314

PR —————
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"l Key: (1) . Temperature t 9C. (4) . Pressure [ atm{abs.). (3).
! Specific gravity/weight j xy/83. (4). Specific heat cp kcal/kg :j
i 9C. (5). Coefficient of thermal ccoductivity X kcal/m-hour °C. (6). :
‘b Cosfficient c¢f thermal ccoductivity 10* a m2/h °C. (7). Dynamic i
} viscosity 108 p kg-s/m2., (&). Kinematic visccsity 106 » nm2/s. (9).
% Coefficient of 104 8 1 9C.
l

e .
e
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Takle 7. Physical parameters cf turbine oil CT.

FaGE SY2

(9) 3
r(:m nel::un y‘:‘i‘}:—. :‘:‘E%'}; K:m* (:‘1; - .?:-71':;;{1 - [{PY)
PR | e | e | MO ypoteasnn) vegume | meecres | Pol o)
anasiie *C| enagimract “ieae ® s - chnt)  aleen e
of{ o2 |o422 |oa9| 29t | 7250 | 780 | 105
51 99 | o046 |06 3.05 | 6200{ s00 | 68
0 { 95 | 043 [01113 (| 3,19 ( 31300 | 340 | 4
15| 92 | 043 |oamo| 332 | 2000 228 | 32
20 | 899 | 0438 | o107 | 345 | 14800 | 162 | 22
25 | 896 | 0442 | 0.uo0s | 3.605| 1050 1s | 15,5
0 | 83 |0447 jonor| 3,73 | 7550 ) 83 | 115
35 | 89 | 0451 | 0.1098 | 3,87 | 5660 | 62,5 8,5
0 | 886 | 0455 | 0,005 4,0 4120 | 49 6.8
45 { 883 | 0459 | 01002 4.12 3410 | 3.2 5,4
0 | a0 | 04635 | o,t089 | 4,24 | 2780 [ a3 4,25
55 | 877 {0468 | 0,108 | 4,37 | 25| 25 3,62
60 | 873 | 0,472 | 0.1083 | 4.51 1825 [ 20,5 3,08
65 | 870 | 0.476 | 0,1080 | 4,64 | 155} 17,1 2,62
70 | 867 | 04805 | 01077 | 474 | 1200 | 14,6 2,35
75 | 864 | 0485 | o0,t074 | 4.8 | 1110 ]| 12,6 2,12
8o | 8t | 0489 |o0m ] 4,9 939 | 10,7 i
85 | 857 | 0493 | 0.1068 | 5.11 - - -
9 | 8s4 | 04975 | 0,105 | 5,24 - - -
9 | a3 | o505 | 0t062{ 538 | — - -
100 | 848 | 0,56 | 0,105 | 5.48 - - -

a i .
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Kay: (1). Temperature t 9C, (2). Specific gravity/weight 7 kg/m3.

{3) . Spacific heat cp kcal/ky 9C. (4). Ccefficient of thermal

conductivity X kcal/m-kcur °C. (5). Coefficiert of thermal
] diffusivity 10% o m2/ hcur. (6). Viscosity. (6a). dynamic 106 u kg-
]
3 s/m2, (6b). kinematic 1.® ¥ 23/s. (6C). in the Engler degrees OE.
i |
|
l,
]
)
s
}.
1

i
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Table 8.

Physical rarameters cf turbine Gil 7.

95 847 0,506 0,1067 | -5,35 -
100 844 0,5t 0, 1064 3,46 -

O | a1 (G | e | e |
oo eaan |, | e | i | w2 | b8BT, £00)
£°C | yeus | o ‘7“ oc | ex ‘}‘,e_’“ norsu:z(: sl @ nl'i;s 3ur:‘£e9'
0 908 0,426 0,1125 2.89 152 800 1650 225
1 904,5 | 0,43 0,1122 3,0.3 92000 1000 135
10 9201 0,434 0,1119 3.17 59700 650 83
1S 898 0,438 0,1116 3.3 38 000 415 58
20 895 0,425 | 0,1113 3,43 25550 280 37.5
o 892 0,4465 | 0,1109 3,59 17 700 195 26.5
0 888 © | 0,451 0,1106 3,72 12680 140 19.2
B 883 0,455 0,1103 3,85 8920 9 13,9
40 882 0,459 0.1100 3.97 6 740 75 10,2
45 879 0,463 0,107 4,1 510 b1 7.3
50 876 0,467 0,1004 4,22 4020 45 6.3

55 872,5 | 0,472 0,109t 4,37 3110 35 5
60 869.5 | 0,476 0,1088 4,49 2510 23.% 4,05
63 866 0,48 0,1085 4,62 2070{ 23,5 3.2
0 263 0,484 0,1082 | - 4,74 1715 19,3 2,9
75 860 0.4835 | 0,1079 4,85 1445 16,5 2,6
80 856,5 | 0,493 0,1076 +,97 1220

8% 853,5 | 0,497 0,1073 5,09 1040

9 850 0,5015 | o0,1070 5.2 -
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ﬁ Key: (1). Temperature T 9C. (<) Specific gravity/weight 7y kg/m3.
{: {3) . Specific heat Cp kcalskyg °C. (4). Ccefficient of thermal

conductivity XN kcal/m-hcuz °C. (5). Coefficiert of thermal

diffusivity 104 a« m3/h. (6) . Viscosity. (6a). dynamic 106 . kges/m2,

{6b). kinamatic 106, (6c) . in the Encler degrees ©9E.




DOC = 80040212 FAGE §¥¢

Page 252. '

Table 9. Physical parameters cr diesel oil.

!

N 3 ‘E § 1) ‘(Y Baswocrs

rewn Veemmen | Vins | e | Kot (Ga) | (Gh ’

e | Yaeasmwh | reaso | renaonng (be) 1
patyps sec suxocTe ' D 9eckan | ruwecxan | ¥ IPRAYCAX

€°C | 3w worw100a| I p 10y | mraeps

Mleac |82 . cen|w'] mVcex ‘e

XNG.1) fs C | xxa4/u-wac
°C

0 922 0.4225 | 0,1107 2,87 - - -

S 918 0.4265 | 0,1104 3,02 243000 | 2600 280

lO. 915 0,431 0,1101 3,14 141600 | 1520 200
15 912 0,435 0,1098 3,28 89200, 960 126
20 908,4 | 0,439 0,1095 3,41 57 400 620 84
% 905,5 | 0,443 0,1092 3,56 37 400 405 35
30 902 0.4475 | 0,1089 3,69 25700 280 37
35 899 0,452 0, 1086 3,8! 17 400 190 26
10 895,5 | 0,456 0,1083 3,94 12300 135 18,4

5] 892 046 |o10!| 4,07 | 9w00| 100 | 14
50 | 889 | o6 | o010 | 1.2 6870| 76 | 10,5
55 | 86 | 04685 | 0,104 | 434 | swo| 57 | 7.8
60 | 8824 | 0,473 | 01071 | 4,45 | 4040| 45 | 6.3

65 879 0.477 0,1068 1,96 3220 36 5,1
0,481 0,1065
0.4855 | 0,1062
0,490 0,1059
0,494 0,1056
0,498 0,1053
0,502 0,1050
0,5065 | 0,1047
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- Key: (1). Temperature ¢ 9C. (<)« Specific gravitysveight y kg/m3.
{(3) . Sp3cific heat CP kcai/ky 9C. (4). Ccefficient of thermal

conductivity \ kcal/m-hcur 9C. (5). Coefficiert of thermal 1
ccnductivity 104 a m2/h, (6). Visccsity. (6a). dynamic 106 . kges/m2, |

(6b). kinematic 106 . B2?/s. (€c). in the Epgler degrees °©E.
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Table 1J. Physical parameters c¢f the admiralty fuel oil M1Z.
{
o [ B[P [ 52 et ity
TR | e | e | S oo egas | mgenie )il
nxas/x2 °C ua-:lcal-"“ Aluac | &2 - ceniu?| acex e
0 | 9409 | 0418 | 0,1083 | 2,34 - - -
S | 937,9 | 0,422 | 0,1080 | 2,98 - - -
10 | 934,39 | 0,426 | 0,1077 | 3,12 [ 151000, 1900 240
15 | 932.1 | 0,43 | 0,1074 | 3,24 | 108000 | (I40 150
20 | 928,8 | 0,434 | 0,107t | 3.45 64200 | 730 100
25 | 925,5 | 0,438 | 0,1068 | 3,53 43400 | 460 63
30 922,7 0,442 | 0,1065 3,65 30 100 320 4
35 | 919,7 | 0,446 | 0,1062 | 3,78 20400 | 218 2.5
40 | 96,7 | 0,451 | 0,1060 | 3,59 147201 158 2.5
45 | 913,6 | 0,455 | 0,1057 | 4,01 10700 | 115 15.6
50 | 910,6 | 0,459 | 0,1054 | 4,14 gio| 87 12
55 | 907,6 | 0,463 | o,1051 | 4,28 6150 | 67 9.1
66 | 904,5 | 0,467 | 0,1048 | 4.4 4750 | 52 7.2
65 | 901,5 | 0.471 | 0,1045 | 4,51 3760 | 4t 5.7
70 898,5 0,475 | 0,1042 4,64 2940} 32,2 4,7
73 895,2 0.48 0,1039 4,75 2490 | 27.3 3,9
80 §92.4 0,484 | 0,1036 4,86 2235 | 24,6 3.3
85 | 889,3 | 0,488 | 0,1033 | 4,97 170} 18,9 2,8
90 | 886,3 | 0,493 | 0,1030 | 5,11 1425 | 15.8 2,5
95 | 83,3 | 0,497 | 0,1027 | .21 1705 ) 13,4 2,2
100 880,2 0,501 | o0,1024 5.34 1060 11,8 2,08




DOC = 80040212 IYTIRE s 4 4

Key: (1). Temperature ¢t

9C, (2). Specific gravity/weight y kg/m3.

(3). Spacific heat °P kcalsky 9C. (4). Ccefficient of thermal

conductivity A kcal/m-hcur 9C.

diffusivity 104 a m2/h,

{6b). kipematic 106

(6) « Viscosity.

{5) . Corfficiert of thermal

(fa) . dynamic 108 . kges/m2.

a2/s. (€c). in Engler degrees °E.
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Table 11. Physical parasmeters of tne admiralty fuel cil M20.

(3) ’a T3] (G)Bsyxocrr
(1 2 |y e | Korgen-
Tewme | Yiessunt .;::::-. seny unenr | rGa) teb) [{(AX)
perype | e | SHESTS | soasactu fryponpo ™ "
A B Rl PRIV <L ey a-eaq Caeac * |xa Yeduimtl  aeen e
-
0 953.6 0,416 0, 1069 2,82 — _ -
L] 950,7 0,419 | 0,1066 2,95 - - -

10 947.8 0,423 | 0.1063 3,09 - - -
15 944,9 0,427 | 0,1060 3,22 | 269000 2800 300

20 | 942 0,431 | 0,1057 | 3.35 | 158000 | 1650 | 215
25 | 939,1 | 0,43 | 0,1054 | 3,5 95600 | 1000 | 135
. 30 | 96,2 | 0,44 [ 0,105t | 3,62 | 58200 | 610 83
35 | 933,3 | 0,444 | 0,1040 | 3,74 | 37050 | 390 54
© | %0.4 | o440 | 01046 | 3.8 | 25609 | 270 36
s | 975 | oas2 |oto3| 397 | 1790 | 190 | 25,5
; 50 | 924,6 | 0,457 | 0,100 | 4,00 | 12800 | 138 19
; s5 | 9217 | o461 |0,007 ] 423 | 920 98 | 135
! ‘ 60 { 918,8 | 0,465 | 0,103¢4 | 4,36 6920 74 10,2
65 | 9159 | 0,469 | 0,1031 | 4,47 5320 57 7.8
70 | 913 0,479 | 0,102 | .58 4180 5 6.1

75 910, 1 0,477 | 0,1025 4,69 3340 36 3.1

%0 | %7.2 | 082 | 0,1023 | 4.8 2630 | 28,5 4t

$5 | v04.3 | 0,486 | 0,102 { 4,91 2190 | 23,8 3.5

- 9 | 9014 | 0450 | 01017 | 4,98 1760 | 19,2 2,9
< 95 ( 898,5 { 0,494 { 0,1014 ( 5.16 1470 { 16,1 2,54

100 895,35 0,494 | 0,101} 5.7 , 1275 14 2.3
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Key: (1). Temperature t 9C., (2). Specific gravity/weight jy kg/m3.
(3) . Spacific heat °P kcalskg 9C. (4). Ccefficient of thermal
conductivity A kcal/m-hcur 9C. (5). Coefficiert of thermal
conductivity 104 a m2/h. (0}« Visccsity. (6a). dynamic 106 . kges/m2,

(6b). kinematic 108 .+ 82/s. (€éc). in the Engler degrees ©E.
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Table 12. Physical parameters of tuel mazut M40,
M Q) y‘.ﬁ“’. ‘m.. Kﬁ"a (W) u-l;{u.
o | et | v | e | e | iy | e |, oS
roc | raw|  cp ..wfg.,, wewital 1w |10 | Sureps
0| 90,3 | 0.412 | 0,105 | 2.8 - - -
9%7.5 | 0,416 | 0.1047 | 2,93 - - -
10 | 94,7 | 0420 | 0,1044 | 3.06 - - -
15 | 961,8 | 0,424 [ o.10 | 3,19 - - -
20 | 959 0,428 | 0,1039 | 3,3t - - -
25 | 96,2 | 0.432 | 01008 | 3.45 | 263600 | 250 | 210
3 | 953.3 | 0,435 | 0,1033 | 3,59 [tss00 | 1500 | 200
45 | 9505 | 0,44 | o,1080 | 3,71 | 92000 ] 950 | 1
40 | 947.7 | 0,445 | 0,1027 | 3,81 | 62700 | 630 87
435 944,8 0,449 0,1024 3,94 42300 440 61
50 | 942 0,453 | 0,102 | 4.05 | 30700 | 32 3
s5 | 99,2 | 0457 | 01000 | 409 | 2120 | 22 | m
60 | 9363 | 0462 | 01016 | 4.3 | 16200 170 | 225
65 | 93:5 | 0465 |03 | €42 | neo | 12 17
70 | 930,7 | 0,469 | 01010 | 4,52 | 9010 9% | 131
75 | 9278 | 0473 | 01007 | 464 | 7170 76 | 10,5
80 | 925 0,477 | 01005 | 4.7 | 3650 60 8.2
8 | 922.2 | 0,482 | 0,002 | 4,85 | 4510 8 6.3
% | w193 | 0,48 | 00099 | 50 | 360| 3 | 55
9% | 916,5 | 0,49 | 0,006 | 3.1 2940 | 31,5 4.5
100 | 9136 | 0,494 | 0,093 | 5,21 2510 n 3.9
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Key: (1). Temperatura ¢ °C.

(3) . Specific heat Cp kcal kg

conductivity X\ kcal/m=Ltkcir °C.

FAGE 552

{2) . Specific gravity/weight y kg/m3,
9C. (4). Coefficient of thermal

{S) - Coefficient of thernmal

diffusivity 10% a m2/h. {(0). Viscosity. (6a). dynamic 106 u kges/m2,

(6b) . kinempatic 10 - g2/s,

{€c) in Engler degrees °E,
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Table 13.
m (2 (3 () Macao

Teune.| Coeams DAL o [ — !
PATIPO | cpm 7=, e M T |

wasnz *C y e 1+ || ] ,|.a?,

0 0,403 0,927 | 110 [0,913| 110 [0,927| 110 |0,906] 12,6
5 0,407 0.924 57,5 (0,910/90,0 10,924 110 |0,903] 10,2
10 | o041 0.921 43,0 |0,906[s3,0 0,921] 110 [0,900] 6,7
15 0.415 0.918 (29,0 [0,903(36.0 |0,918| 103 |0,806} 4,9
20 0,419 0,915 [20,4 [0,900[24,8 |0,915(74,2 (0,893 3,8
25 0,423 0,911 14,5 [0,597[17,5 |0,911 /47,4 |0.890| 3,2
30 0,427 0,909 |8,30{0,893{12,7 |0.909/32,2 (0,887] 2,6
35 0,431 0,905 0,59 0,905 0,883
0 0,435 0.902 | 5,30 {0.887] 7,20 [0,902{16,2 |0,880{ 2,1
45 0.439 0,809 0.884 0,899 0,877
50 0,443 0,596 | 3,20 0,580 4,63 |0,996| 9,50 {0,87¢| 1,71
55 0,447 0,893 0,877 0,893 0,870
60 0,451 0,800 | 2,40 [0,874| 3,21 {0,800} 5,90 [0,867] 1,54
65 0,455 0,587 0.570 0,887 0,864
70 0,459 0,884 | 2,000,868 2,60 [0,884] 4,00 0,861 1,41
75 0,463 0,881 0,864 0,881 0,857
80 0,467 0,878 | 1,70 {0,861 2.05 {0,878] 2,95 {0,854{ 1,31
8s 0,471 | 0.874 0.858 0.874 0,851
9% 0.475 0,871 0,855] 1,73 |0.871) 2,40 (0,848 1,24
95 0.479 0,868 0,851 0,867 0,344
100 0.483 0,865 | 1,40 {0,848 1,57 |0,865) 2,10 {0,841 x.:vi
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Key: (1). Temperature ¢t 9C. (<). Average,smean heat capacity with

=1, c; ! kcal/kg °C.

FOOTNCTE 1. The avarageskean teat capacity c, which ccrresponds to
the specific gravity/weigat cf cil-prcducts, is determined from the

formula

r-;% xcalskg of °c,

wvher2 1w =~ specific gravitysweight with 159C, kg/m3. ENDPOCTINOTE.

(3) . Petroleum residue F. (4). Cil. (5). turktire. (6). motor. (7).

solar.

g

RN
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Tabla 14, Physical paraseters ¢i marine water,
(B . Coaenocrs,
(@) Haumenosause Sacceitna Yacabuuh e, (@) °G
m| M3 I
hpanTa)
L] ro pae . . . . .. T e e 3300
(h Qoo {;;{ oo wacri . o .o 1,019—1,021 | 25002600
BMHCKOM J3anBe . . . . . 1000
G » Borunsecxom 3aause . . . . 200—500
ﬁanui«:xoe 8 Puncxom Jaamse . ., . . . . 1,000—1,006 | 200—130
mope Toraana u Asanackwe o-83 . .| 1,010—~1,016 ) 600--670
@) ® npoanse Beasr. . . . . . . 1,010—1,016 | 1000—2200
(16/Yepuoe mjf cesepo-3ananuas wacrs . . . .| 1,015—1,018 1700
] Mope @)l CPealis H WWHAR 43CTH 1,015—1,018 1850
'?eacrmiicxoe B cepeante . . . . . . . S SR - 1000— 1500
() MOP® B20ab Gepera . . . . . . . . - 100—1000
lelpauopnoe" )y Bocopa . . . . . . ... - 2000—2100
uope il ¥y llapnanc.nn - 2400—2500
(AN Azoecxoe mope . . . . . .. s e e e e e - 9301200
(g Cpenmacunoe MOPE . . . . . . . . . .« . . . — 40 4100
olf Kpacnoe sope . . . . . .. ... - o 4100
flnowckoe Mope . . . . . .. ... ... - 3400
Hemeuxoe mope . . . . . . ... ... ... -_ 3400
] Cesepnuiit Jletouurnit okean. . . . . . . .. 1,024—1,025 3500
ATAGHTHICCKHA OKCAN . . . . & . . . « o & 1.025—1,027 | 3500—379)
Tuxnit oxeanm . . . . . . . ... 0 0.0 1,025—1,032 | 3400—3690
(] Nmamiicknit okeam . . . . . L L L. oL 1,025—1,032 | 3200—3750
(23)TenxoemxocTs MOPCKOR BOAM B 32BUCHMOCTR OT CONCHOCTH
Meoenocts, 6 . . . . . 0,000 | 2000 | 3000 | 3500 | 4000
) Cpeansa TENAOEMKOCTD,
xxaqjx2°C . . . . ... 10 0,951 0,939 ; 0,932 | 0,926

() Bannnnm naucpesmu coacHocT

32)
1°6= 10 .uz{.z = 0,001%,.
(3%)

3navenve woadpuunenton BRIKOCTH H TENONPOBOAHOCTH MOPCKOR Boabs
B 3aBHCAMOCTH OT COACHOCTR W TeMNepatypsl

‘2‘{) g”::;‘:g;:"{'&":‘“""“ Kow(bnuncur';:n:::p?o;uocm 1}
S x2-cexjM® Kxa.
g g,u (47) coacnocts °6
=& ) 1000 | 2000 | 3000 | 1000 | 2000 | 3000 |
0 184.0 185,0 186.0 0.465 0,457 0.454 0. 153
S 156.0 157,5 158,5 0,471 0,464 0,461 0,400
10 134,7 136,0 157,35 0,477 00471 0,468 0, 167
15 117,95 118,98 120,0 0,484 0,478 0,475 0.474
20 104,0 105,2 108,35 0,490 0.484 0,482 0,420
25 92,4 93.3 93,0 0,497 0,491 0,458 0, in7
30 53,2 84,5 85.5 0,503 0,498 0.4% 0.191
) 76,9 8.0 79.0 0,510 0. 05 0. %2 0,54}

e i T Y e £
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Key: (a). Designation cf Lasia. (b). Specific gravity/weight, t/m3.
(). Salinity °B (Brandt). (1). mnite Sea. (2). in throat. (3). in
middle part. (4). in Dvipa jult. (S). Baltic sea. (6). in Gulf of
Bothnia. (7). In Gulf c¢f Finland. (8). Geglané and Aland Is. (9). in
strait/spill Baslt, (10). Ckerryy sea. (11). rorthwestern part. (12).
middle and southern part. (13). Caspian Sea. (14). in middle. (15).
alcng coast. (16). Martle sca. (17). in Eospcrus. (18). in
pardanelles. (19)., Azcv séa. (z0). Mediterranean. (21). Red sea.
{22). Sea of Japan. (23). German sea. (24). Arctic Ccean. (25).
Atlantic Ocean. (26) . Facific Ccean. (27). Indian Ocean. (28). Heat
capacity cf marine water in depending cn salirity. (29). Salinity,
9B, (30). Average/mean Leat capacaity, kcal/kg of °C. (31). Units
salinity measurement. (32). mgs1. (33). Value cf coefficients of
viscosity and thermal ccrductivaty of marine water in depending ¢n
salinity and temperature. (34). Tesperature t, 9C. (35). Coefficient

of dynamic viscosity 1Cé ,u kges,ym2. (36). Ccefficient of thermal

conductivity A kcal/m~-hcur 9C. (37). salinity ©9B.

e e = SR >R 0 e e 3 e T gm0 A T YA TIOA
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Tabl? 15. Conversion of tae Enyiisa units measurement into the metric

TITHR £-X

cnes.
@ (h Eanunuss H3Mepenus
Hanuenosaune (¢) anranfickue (d) uerpusecxue
[} {2y
Aanua . l\ Jioim (™) 254 uu
1 3yr ()y=12" 0,305 .«
<! pam3 09144
1 mitan = 1760 apios 1,609 xx
1 %pcxau MHAS 1,853 xx¢
" (§1]
Maowaze I 1:5. AK0HM 6,451 caud
1 :(:I:. dyr 0,0929 42
l k8. apa 0,836 42
() (3]
O6ren l,ly6. JiofiM 16,387 cat
1 HMDepexitit raaion 4,546 4 019)
u}”c IA raxaon . 3785 »
1 nedr. Sappess = 42 )
(n)CLU‘% raaaona 159 #
1 xy6. dyr 283 2
(20) ai) @x32)
Bec 1 rpau = 1/7000 ¢yura 00648 2 (a22)
1 youis = 1/16 dynuta 2835 2
\ 1 fq;';ur 04536 xz (24o)
'Y wopr-roma (xopor-
xan) = 2000 ¢yntos 0907 m(27)
ctaldl Jonr-touna (ainnnan) =
W = 2240 dynvom 1,016 m @
(29) 7] (30
lasaesnne 1 ylgxnu/xn. AnfM 44 mm BOR. CT.
1 pynt/xs. 10iim 0.0703 xi‘lc.u’ (33
@l dynr/xs. 10imn 0.0680 o{l%nw. am
1 .1‘3’.‘.\-40...“/". awoiin l%ﬁ xzfcud t%)
@ 1 dynr/xn. 20iin 703 (‘:o )non, cr.
@l dynt/xe. 10itM 51,712 Ma pr. CT.
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£aGe K597

@

Hanuenosanne

(D  Exmnnus n3sepenns

@ AHrAHHCKHE

@ MeTPHIECKHE

Koanaecrso renaa

§n 1 BTU=1°F
yur = 778 dyrodynros

N (s3) .
Yzeasnuit nec n ksﬁ’ 1 rpan/xy6. ¢yt 2,29 z/m3
IAOTHOCTS [10) 1 rpan/wmn. raniow 0,0143 ?t‘zl?xi
1 rpaijumn. raason 14,3 z!x’@
Wl yuuna/cy6. ¢yt . 1.0 xzf23 @
(401 dynt/ky6. dyr 16,0 xz/u®
) 1 $ynr/rasion 100 x2ju3
G xy6. dyr/dynr (s) 62,5 alxz
(o)

(4 ()
107,53 k2.4 = 0.293 samm-vac =
=20,252 xxaa D)

)
1 BTI?I/gy‘sl'rr 0.555 xxaa xz SV
[4
1 BTU[x’y(S.) byr 89 Xx2 M3
1 BTU/&? oyr 2,71 xxaalu?
(S
Kosdduunent ren- {s3) s%)
aonepenaTn 1 BTU/kB. dyr-2ac°F 4, 88 xxaa/m?-4ac °C
() }
Yxeasnas rtenno- G)
EMKOCTh 1 BTU/pynr °F 1,0 xxaajxz °C
Te;::‘c;npononocn 1 BTU/¢(y¢?-)nc °F 1,488 x(xu}/x--me °C
1 BTU/mg:i‘:t:\ac °F 17,88 xxanju-vae °C
1 BTUIAD“H‘ k8. dyr- @3
qac °F 0,124 %/a-wu °C
(o) () (e8>
Bmaxocrs 1( & HT/yT cex l?_.gs‘2 2jeM-cex
1 dyar cex./xs.dyr 47.8!{ K2/ m-cex = 478,66
% 478,65 0yA = 4,082 K2 Con|ut
1 x8. dyr/cex. 0979 w2fcex
@ - 929 croxke (™
1 cToRe 1 cadfcex = 1-10™% idjciic -=
. =036 M3vac ")
(§i ]
Teuneparypa t°F 324 % ¢ °C
Paimocrs Tewne- A1°F At o
pa:yp ]
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Key: (a). Designation. (k). Units measurement. {c). English., (d).
pmetric. (1). L2ngth. (2). anca. (3). foot. (4). yard. (5). mile. (6).
vyards. (7). nautical sile. (3). Arc¢a. (9). sq. inch. (10). sg. foot.
(1) . sq. yard. {(12).) Vclume. (13). cu. inch. (14). imperial gallon.
{15). USA gallon. (16). cil tarrel. (17). 0OSA gallon. (18). cu. foct.
(19Y. 1. (20). Weight, (21). 9rain. (22). pcund. (22a). g. {(23).
ounca. (24). pound. (24a). kce (25). ! shert-tcn (short)=2000 pounds.
(26). 1 long-ton ({lonqg)=224C pcunds. (27). t. (28). Pressure. (29).
cuncassq. inch. (30). ma@ dpC. (31). pound/sq. inch. (32). kg,/cm2,
(33). phys. atm{tech). (34). lcrg-ton/sq. inch. (35). kg/cmd. (36).
pm Hge (37)e. Specific weijat dand density. (38). grain/cub. fcct.
{399. g/m3, (40). grairyimp. gallca. (41). kgsm3, (41a). cunce/cub.
foot. (42). pound/cut. fcct. (43). pound,sgallcn. (44). cu.
feet/pcund. (45). 1/kg. (4o0). guantity of heat. (47). pcund=778
foct-pounds., (48)., kg.-mz. (49). watt-hour. (%C). kcal. (51). fpcund.
{(52). kcal/kg. (53). cu. foot. (54). kcal/m3. (55). sq. foot. (§6).
kcal/m2, (57). Coefficisnt ¢f heat transfar. (58). sq.'foot—hcur oPp.
{(59). kcal/m2h. (60). Specizic teat. (61). Thermal conductivity.

(62) . foot- hour. (63). kcal/a-tour. {64). inch-hour. (65). inch sq.
foct-hour. (66). Viscosity. (67). pound/fcot s. (68). g/Cches, (69).
gouni s/sq. foot., (7C). ky/mesek. (71). rpoise. (72). kges/m2, (73).
sq. faet/s. (7T4). m2/s. (75)e« stcke. (76). cm2/ss (77). m2/h. (78).
Tempgerature. (79). Differeancse ir temperatures.
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Tatle 16, Dasignatiors arnd dimensicnality cf tasic values,

eace I/

b}
(2} Hanmenosanne seanvnm O6oanavenns |£) Paanepaocrs

(1)} Dauna . i M, CM, M
(2y| Linpuna - & M, cM, nM
(3) Buicora, ray6uua A M, cM, MM
)} Imamerp d M, M, MM
( Pa:zft_vc r M, oM, NN
()| Mrowaas F M3, cad
Iy lloscpaunocts S M3, cad
(D] Obrew v oS, cu®
| Bec G (10) m, x2

(I} ¥aeasnuit pec 1 (1Umja3, xz{u3
(ﬁjl Yaeavitit 06vem v 0y iz
(lS‘ TlaoTrocTs ? (1) x2-cexdjat
(nf Coaxenocrs S (y°B. (Bpangra)
(1)} Bpewus ¢ () “ac.. cex.
(A Cxopocrn v, u (a2) Mfcex
£ Ycexopenne cian TRKECTH ¥ ta¥) ujcexd
rag)] Pacxon G. Q  P*kzjuae, 43|nae
o Teuneparypa ¢ °C

(13) AGcoanoTias remneparypa T °K
(29| Paanocrs temncparyp At °C

(DM Buraaenns (Tenzocolepasanne) napa i (31) KKxadjxz
33) -smn.u.m {renaoconepxranne) KHAKOCTH q @ xxaa/xz
()| Tenrota napooGpaionauis r KKar/x2
()| Tenaocwroers ¢ @ xxaajxz °C
(35)] Ten..onponoanocrs ] A %% xar/n-vac °C
(37 Koadduunent renneparyponposoanocTH a (38) M¥nae
(M} Koadguunent auneiinoro pagnipenus a -
(40) | Casenaw nucroannan R o) x2xixz °K

(Y2)| Kosdduunent renncoriaan

Kxxar/m3-wae °C
W3)
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race S5 2

@ Havumenosanne seanaun O(?osuaqeuuu —C?:mepuocw

(qﬂ Koanuecrso rtenaa Q (¥ KKa.14de
(S| Dasaenne P %t a2, wzler
(47)} Motepn aamaenns Ap @xz[.u’—', xzjcud
('-m Ounamnuecknit xoapduunent saakocTy M (YR) xz-cex/.u?
(D) Kunemarnuecknit xosdduument saskocrn v (s1) M2 cex
(5] Kpirepuit Peiinoasaca Re -
(SY] Kpurepuit Mpanaras Pr -
(9)] Kpurepuit Mene Pe -
(55)} Kpwrepuit Mpacroda Gr -

(%9} Cocpenroroennas cuis P (57) k2
(R) | Pasnomepno pacnpeaeiennan narpysxa q (69) «zlcm?
((0) | Moment nuepuun I cat
{@l)] Momenr conpotusaertns w © cMd
(6} Moayas ynpyrocru E @ xzlcu?
(Y} Kospuunent Iyaccona » -
(@4 | lpeaea npounocTr 2 @) xzjcu?
(ER)] Mpenea rexyvectn ay @ K2fcme
(o) | Tlpeaes noasyrectn Gn @ x2lcu?
(61| ilomyckaesoe nanpskenne na pacrakesnue R, @ x2feu?
(&8) ] Donyexaemoe nanpaxenne na waru6 ) Ry @ x2fcm?
()| Donyckaemoe nanpskenne Ha cxarne . Ry Kz'cn2
(70)] Donycxaemoe anpsxenne na cpea Rep K2/ca?
an Donyckaence nanpamenne na cusTne Rew @ x2fcu?
(72)] 3anac npoumocrn n —
(13)] Toawnua crenxn s CHM, MM
¢ 14)| Tipnbaska na xopposuio, zomycxm, osans- c M, MM

HOCTS W T. 1.

(75) Koseduwienr npownocrs wsa . -
(%)| Koauuccreo tpy6ox, icatos 3 (77)
(R} War rpy6ok, Goaros t y7 ]
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Kzy: (a). Name of values. (0). Lesignaticns. (c). Dimensionality.
(1) . Length., (2). Widthk., (3). Meiyhtsaltitude, depth. (4). Diameter.
(5) . Radius. (6) . Area. (7). surface. (8). Vclume. {9). Weight. (10).
t, kg. (11). Specific gravitysvweignt. (12). t/m3, kgs/m3. (13).
Specific volume, (14). @3/Kje (15). Density. (1€). kges2/ms, (17).
falinity. (19). ©°B (Brandt). (1%). Time. (20). hcur, s. (21). Speed.
(22) . m/s. (23). Acceleraticn or jravity. (24). ms/s2. (25).
Expenditure. (26). kg/h, @3/n. (27). Temperature. (28). Absolute
tamparature. (29). Difference iao temperatures. (30). Enthalpy
(rnthalpy) of vapor. (31). kcaisxJj. (32). Enthalpy (enthalpy) of
liquid. (33)., Heat of vaporization. (34). Heat capacity. (39).
Thermal conductivity. (3€). kcalym-hour °C. (37). Coefficient of
thermal conduc+ivity. (3¢). m2/p. {39). Ccefficient ¢f linear
zxpansion. {(40). Gas ccnstant. (41). kg-m/kg. (42). Heat-transfer
coefficient, (43). kcal,/m2h. (43a). GQuantity cf heat. (44). kcal/h.
(45). Pressure. (46) . kysm2, kjscm2. (47). lcsses of pressure. (48).
Coefficient of dynamic visccsity. (49). kgesy/z2, (50). Kinematic
modulus o0f viscosity. (£1). m23/s. (52). Feynclds numker. (53).
Prandtl number. (54). Eeclat'’s criterion. (55). Grashof's critericne.
(56). Concentrated force. (57). kg. (58) . Everly distributed load.
(59). kgscm2, (60). PFoment of inertia., (€1). Frcment cf resistance.

(62) . Modulus of 2lasticity. (bi). Poisscn ratic. (64). Ultimate

strength., (65). Yiald pcant. {6€). Creep limit. (67). Permissitle
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tensile stress. (68) . Allowatle stress or curvaturs. (69).

» Fermissibla ccmprassior stress. (7U). Permissitle shear stress. (71).
Permissible crumpling stress., (7<4). Safety factcr., (73). Wall

thickness. (74). Additicc to corrosion, allcwances, ovality, etc. J
(75). Modulus of resistacnce cf jcin*t. (7€) . Cuantity of tubes, bolts. J

{77). pcs. (78). Space ct tubss, oclts.
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