
I AD-AGGA 076 FOREIGN TECHNOLOGY DIV WRIGHT-PATTERSON AFB OH F/G 13/1
CALCULATIONS OF SHIPBOARD HEAT EXCHANGERS.(U)
APR GO A S TSYGANKOV

UNCLASSIFIED FTD-IO(RS)T-0402-SG NL2f lllllllllll
EEEll~llhIhhEE
llEEEE~lllllEI
EEEIIIEEIIEIIRllEllEEEllEElIht
EEIIIIIIIIIEIIE
EEEEmahEEEamhahE



b77C-

FTD-ID (RS )T-0402-80

IN FOREIGN TECHNOLOGY DIVISION

CALCULATIONS OF SHIPBOARD HEAT EXCHANGERS

by

A. S. Tsygankov

DTIC
ELECT

MAY 13 1980

ICD



Accession For

NTIS
DIDC TAB
lavowiced

.4 Justifioation____

BY FTD- ID(RS)T-002-80
Distribution/

Availabilitv Codes

* Avail atid/or

* )Ist. special

__s. _pe _a UNEDITED MACHINE TRANSLATION
rA{/y" 18 Apr A V1 80

MICROFICHE NR: FTD-80-C-000497

CALCULATIONS OF SHIPBOARD HEAT EXCHANGERS ."

By:, .A. Sj.Tsygankov1

Sourc Raschety Sudovykh Teplookmennykh
Apparatov, Spravochnoye Posobiye,
Leningrad, 1956j p'10' -- 6..

Country of Origin: U SR
This document is a machine translation
Requester: FTD/TQTM
Approved for public release; distribution
unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION

VISION. WP.AFB, OHIO.

FM- I j-n Date 9 .,.

" ___a_________________ !"/ ,.-



TABLE OF CONTENTS

U. S. Board on Geographic Names Transliteration System ....... ii

Preface ...................................................... 3

Chapter I. Thermal Designs .................................. 6

Chapter II. Examples of Thermal Designs ..................... 207

Chapter III. Calculations of Resistances .................... 267

Chapter IV. Examples of the Calculations of Resistances
in Apparatuses .................................. 304

Chapter V. Materials and Their Design Characteristics ....... 322

Chapter VI. Calculations of Strength ........................ 363

Chapter VIII. Examples of the Calculations of the
Strength of Parts ............................. 479

Appendices ................................................... 521

References ................................................... 565

.r



U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic TranslItera iL.

A a A, a P p p p R r

S 6 B, b C c C C s

Be V, v T T T m t

r r G, g Y y Y y u

D, d f

E a Ye, ye; E, e* X x X x Kh, kh

Mi H X Zh, zh q Us Ts, ts

3 3 3 j Z, z, H 4 Ch, ch
;f u LU LU w Sh, sh

1 Y, y W14 X - I Shch,
K x K, k b 6 L % "

J7 A L, 1 Ei w i Y, y

"I M A M, m tDb b '

H H H m N, n 33 E E e

- 0. 0, o hi Q 10 a Yu, yu

5n 17 m P, p AR a Ya, ya

*ye initially, after vowels, and after b. b; e elsewhere.
When written as 6 in Russian, transliterate as y9 or 9.

RUSSIAN AND ZNGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian Zng!4.-h

sin sin sh sinh arc sh 1 n_
cos cos ch cosh arc ch
tt tan th tanh arc th tan
ctg cot cth coth arc cth
sec sec sch sech arc sch 3e-h_
cosec csc csch csch arc csch s

Russian English

rot curl
Ig log

ii



DOC 30040O201 PAGE I

Page 1.

* CALCULATICNS OF SHIPVOAfir HEAT EXCHANGERS.

Reference textbook.

A. S. Tsygankov.
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Page 2.

In the book is gerexalizid and systematized the calculated

material, accumulated in the jzccess of desigring the heat

exchangirs. The book is a reference texttcok cf practical nature and

does not contain theoretical linians/calculaticns and substantiation.

The systematization cf tke giver saterial allcws with the minimum

expenditure of time suffacient to zull-valued produce the necessary

linings/calculations and calculaticns.

Tha book is intended for tre technical-engineering wcrkers

(designers and builder-neat technicians) can also serve as textbcok

for the students of ship-building and energy tall and students cf

technical schools.
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Page 3.

Preface.

Heat exchangers are the coaposite/ccmpcund equipment component

of th. power plants, which nave extensive applicaticn in the

industry, and also on the vessels cf civil/civilian and serviceman of

* "fleets.

The creation of the idaal and reliakle equipment, which

corresponds to the ccntesjorary level of develcpment cf tecbnclogy,

requires the thorough study cf occurring in the apparatuses processes

and technology of their iroduction on the basis of experimental

izvestigations and produeticn eAperiment.

In the past postwar years is carried cut.the series/rcw cf

scientific research and exiezimental works cn heat engineering, which

contribut-d to accumulation ci ccnsideratle experience according to

the design, to prcducticn and testing of heat exchangers and served

as basis for writing of this hcck.

This edition of the cock difters from the publication 1948 1 cf

the more detail-d treatzent oz the questions, ccnnected with the heat

i~
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transfer, hydraulic resistance ana structural strength of heat

exchangers.

FOCTNOTE 1. A. S. Tsygankcv. Caiculations Cf shipboard beat

exchangers. Sudprcmgiz, 1948. iDFCOTNOTE.

The obsolete calculaticn ormui.as are replaced here by modern ones.

During ths traatment/prccassing oi the bcck is takqn into

consideration also the uajczity cf observatics and wishes of the

reviewers and readers.

Page 4.

For the purpose of warning/freventicn cf the errors and for the

savings of time with the axecution of calculaticns in the bock are

given typical examples of re thermal designs of the most widely used

apparatuses and examples of the calculations of hydraulic resistances

for different working media, bnicn take place in their cavities.

In the book is given the single procedure cf calculaticn of

different tube plates and are given examples cf the calculation of

the strength of the basic parts of apparatuses.

Thi saction of applicaticns/appendices is renovated and
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supplemented by new tatulated data of the physical parameters of the

working media of hziat exchangers.

A. Tsygankov.

fi

-A. ~ '
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Page 5.

Chapter I.

THERMAL DESIGNS.

11. Pressur-s and rarefaction/evacuation.

By the prassuri is underszcod the fcrce, which acts per unit cf

surface. Working stardaid ct zessure is called technical atmosphere,

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

In the rarefaction/evacuaticn, or the vacuum, is understcod the

difference between the jizasuza cf the external atmcspher. and the

absolute pressure in the place ct measurement, %hile by the

cverpressure - a difference between the absolute and atmospheric

pressures. Absolute pressure is expressed in the absclute

atmospheres, and vacuuq - in the sillimeters cf mercury or water

column, and also in the percentages.

Normal barometric Eressure, or physical atmosphere:

B=760 mm Hg =1.03-1 xg/cm 2 .



2DOC =80040201 FAGE 7

Tha- technical atmosphere:

,P'=l at=1 kg/cm2 =-35.b mm dy with OOC;

p=7 37.4 mm Hy wuith 150C;

p-- 10 m H2C WIth 40 C.

Absolute, either real, pxessuze:

Pa F6(

where P6 - atmospheric, or tarcmetric, pressure, am Hg;

p - overpressure (reading mancmeter), ikm Hal.

A- vacuum, or rarefactacn/evacuation (reading vacuum gauge) , mm

Hg.

* Page 6.

Pr~issurp at any pcint *itna.r the liquid:
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P'Po+Tz g/Ma2 , (2)

whqre Po - gressure above Lhe sur ace of liquid, kg/m 2 ;

- the specific gravity/weight of liquid, kg/m 3 ;

z - submersion depth ot icicr under the surface of liquid, m.

The force of pressura ci ia~uid on the flat/plane vertical wall:

P =(P + Tz") F Kg', (3)

where z,, - height/altitude, e'4Lal to the siutersion depth of the

gecmetric cent.r cf wali, m;

F - area of wall, k.

The force of pressura cf iiquid cn the inclined wall:

P=(p$+Tz,)Fcosa K9, (4)

where a - angle of ccmpcneat with the normal to the wall.

During the determinaticn ct fcrce of pressure cn the curved
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surface of wall into fczaula (4) instead of F cos a is substituted

the projection of surface, perpendicular to fcrce direction

The pressure of vapcr or gas (characteristic equation):

!'T

p=- ky/U2 , (5)

where R - gas constant, ky-s/Ix OK: fcr the saturated water vapor

R=47.05, for air R=29.27;

T=273.2 t0 C - absolute zemkerature, OK;

v - specific voluma, M3/kg.

Absolute condenser tacKEressure:
el)

p,= b- .A pT. M'x

_b-li (A)
,6 ama (6)

p.= i----) 735,6 AM PT. CT

Key: (1). am Hg. (2) . ats (abs.).

where b - reading barometer, me Hq;

h - reading vacuum cause, as Eg;
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PA- vacuum in the cajacitor/condenser, c/c.

Rarefaction/evacuation in the capacitor/ccndenser:

p 735.6- 100, O/. (7)

wheq re Ps - the same as in fcrmuia (6).

Page 7.

The pressure of mixture ia the capacitor/ccndenser:

• Pc=P,+p, mm d, (8)

where p, - partial pressure of vajor, mm Hg;

p - partial air pressure, am Bg.

Partial pressure ct vapor .an be determined according tc tables

1 and 2 for thq water vaEcr (s~a aEplicaticns/appendices) in

depending on the temperatura ct mixture.

Partial pressure c± vaicr in the air-steam mixture:

Pew mm Hg (9). "• I1+o,.6 -2 -
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Partial air pressure in the air-steam Mixture:

p, Pew m dg (10)
I+1.6t

Here Pc,. - pressure of mixture in capacitor/condenser, mm Hg;

D- quantity of that enteran9 capacitor/ccndenser of vapcr,

kg/h;

G - quantity of air, ky/h.

Critical pressure ci vapcz 4atm(abs.)):

01 .aC~Me.Horo P= 0,577 p0
0)neperpeioro p.,= 0,574p, P (I)

Key: (1). saturated. (2) . overneated.

whera Po - initial pressure of valor, atm(ahs.).

Water vapor pressure - see apilications/appendices, Table 1 and

Selection of design prq~aEures.



DOC = 80040201 EhGE 14

* The pressure of cccling water in the brarch pipes of puss for

the capacitors/condensers, tte oil coolers, the coolants of

condensate and other sizilaz tc tb m apparatuses and the pressure cf

the preheated feed outtcard watez in the preheaters for the

vaporizers/evaporators is dcceptea from the ccnditicns of overcoming

the losses of head in the system at this conduit/manifold, in the

established/installed or it aEparatuses and the accessories, and also

in depending on final ccunteriressure.

"suall- the calculated w.rater nressure n Is:

1) for the capacitors/ccndansers and the oil ccclers 8-25 m H2 C;

2) for the vaporizers/evapcrators 15-40 m water column.

Page 8.

Vapor pressure p ct the beating for feed heaters of first stage

usually is approximately 1.5-2.5 atm(abs.), since in essence for

preheating watsr in the nerha ezs is utilized the exhaust steam frcu

the auxiliary mechanisms cf a machine-boiler installation.

vapor pressure p of tue beating for feed heaters of the second

and third steps/stages is 5 atm (aos.) and it is above. For this
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purpose is utilized the exhaust steam frcm the group of the auxiliary

mechanisms, which work tc the ircreased counterpressure, or the

vapors from main turbimes.

Vapor pressure r of tue hdatiag in cil beaters usually is

accepted on 3-5 atm(abs.) higher than pressure of petroleum and in

the majority of the cases is 20-25 atm(ats.).

For some types of injectcrs tne pressure of petroleum can reach

40 atm(abs.). In 'his case, and also at the pressures of petrcleum,

which exceed pressure of vajcr it is expedient tc apply oil heaters

with the dual tube plates or secticnal oil heaters which work on the

high parameters of vapcr.

Pressure p of that heating (primary) vapcr in the

vaporizers/evaporators is reccmmended the accepting of:

1) for the vacuum evapcratcrs 1.5-2.5 atu(abs.) (usually as

heating steam is utilized tne exhaust steam from the auxiliary

mechanisms) ;

2) for the vaporizers/avajcrdaors, %hich wcrk under the positive

pressuri, 3-5 atm(abs.) Jis aj lied also the tastered or thrcttled

live steam).

1
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Ouring the pollutict/contaulndtion cf the heating coils the

vapor pressure of the leating tcr the purpcse of the maintenance of

productivity, can be increased to 6 atm(abs.).

Preissure p2 of the secondary steam in the

vaporizers/evaporators, as a rule, is accepted:
/il
ama

fJ},a.vs afyoqym.uwz oautucryntiqaruxz ..... ......... 0.5-0o8
(3)211a n-aYyyx.nx upIy.n1us.mo hax.. ....... ... ...... 0.3--0.7
(MLLiu aXyyI#.aIX fByXCTyncdqai3bx:

(An ncpnUi CTyncwt .. ... .............. .. 0.6-0.8
0 o uOpOl cTynen.. ............... 0.2-0.4

(S)Lhi arTWOC4WpHaX. 3 TaKWe .. 9 ,ca.pnTCAC.i C Mas-
.1eeMC *mWB aTXhocbep. .... ............. 1.0-2.0

Key: (1) . atm(abs.). (2). Fcr vacuum single-stage ones. (3). For

vacuum circulation ones. (4). for vacuum two-stage cnes. (4a). in

first stage. (4b). in the second step/stage. (5). For atmospheric

ones, and also for vaporizers/evaicrators with Fressure higher than

atmosphere.

Vapor pressure p of zne heating for the atmospheric and vacuum

deagrators is received as 1.2-2.0 atm(abs.) (usually is utilized the

exhaust steam).

- Opirating pressure in tba housings cf deaerators is accepted:

4

Il l I II-, .. -, . . .. . . . .. . .-. -- - '" " ' . ..
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1) in vacuum 0. 1-C.9 atu (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 is above.

Page 9.

Vacuum in the capacitors/condensers depends on a number cf

factors (principal of them are teuperature and quantity of cccling

water) and is usually withia the limits:

1) for the shipboazd turbine ilants from pl-950 '. with t,=150 C

to P 0'9/o with t,=30°C;

2) for stationary installaticrs pA= 96-97,5",o with t 1 =10-15 0 C or

Auring the cooling by river water in the unlimited quantity;

3) for installation with steam engines vacuum p in essence is

limited by the sizqs/dimensicns of low-pressure cylinder and it

usually composes 85-87c/c.

Absolute condenser kdcKpressuce near t1.E place cf air exhaust

A,
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(to avoid the overexperditure cl energy to the exhaust

device/equipment and an. increase in its dimensicn) must be not less

t1han 25 mm Hg:
, pm = P. - ,

where p. - absolute ccadeanse rackpressure, sm Hg;

p - steam resistance of cajacitcr/condenser, mm Hg.

§2. Temperatures and their ditterence.

Temperature characterizes the degree of the warmth of bcdy.

Temperature is measured in tke degzees acccrdirg to international

thermometric scale, acccrding tc wtich temperature cf the fusicn cf

ice at the normal atmospheric pressure is designated through Coc,

while the boiling point oi water - through 10COC. The temperature,

measured according tc the international scale, is designated ty

letter t, and its scale - °C.

Temperaure counted cff fzcm the absclute of zero temperatures,

is called the absolute temuezazuze:
T- 273,2 + t, OK, (12)

where t - temperatcra, OC.

lean timperature cf the hcat-transfer agent:.1P ,5 (t4 + ts) 0C, (13)



DOC = 80040201 FAGE 17

where tj - initial temperature of beat-transfer agent, °C;

t2 - final temperature oi heat-transfer agent, oC.

Mean temperature c: tha sixtuie:

t.. = 0,, (14)GIC, + G =2 +..

where G1 , G, - weights of tne compcnents, entering the mixture, kg;

CI, C 2 - average/zean heat capacities cf ccaponents, kcal/kgOC;

t1, t2 - temperature of components, OC.

Page 10.

Mean temperature or the wd1l, which divides two heat-transfer

agents:

tLp=0,5 (_2 +' 2')C, (15)

where ti, t', - initial temieratures of heat-transfer agents, °C;

t2, t'2 - final tvaueratures Cf heat-transfer agents, oC.

p~ I
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Mian temperature ct the suridce of the wall:

t = 0,5 (tc, + tcp) oc, (16)

where tP - mean temperature of heat-transfer agent, oC;

P - mean temperature cf wall, oC.

Formulas (15) and (16) it is Fossible tc use alsc for

determining approximate value of tne temFerature of the surface cf

wall with small differences in the temperatures cf heat-transfer

agents.

Temperature of the surface cf single-layer wall 1:

1) internal
== t, + At o(3*1, +-,,--- A (1 7 )

t,=..+ * C; )
2) external

t , t + G.Stj0
t. = c, (19)

t. =.-c oc. (20)

where t1 - temperature cf medium from inside cf wall, oC;

t - temperature cf medium trcm the face cf wall, oC;

-i -
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- heat-transfer coefficient of medium from inside of wall,

kcal/m 2 h oc;

2- heat-transfer ccefficient cf medium frcm the face cf wall,

kcal/m 2 h 0c;

g - quantity of heat, transferred of 1 m2 cf the surface of

wall, kcal/m2h;

s - wall thickness, a;

X - coefficient cf the thErsal conductivity of wall, kcal/m-hour

oC;

A and B - values, dEzeaLined according to the formulas:

A = ;B. .+-

FOOTNOTE 1. For calculatiay tze temperatures cf the surface cf wall

the heat-transfer coefficients of aedium a, ard a2 in the first

calculaticn ars received tentaxively acccrding ty this en page 74,

- and then, according to tha determination of their values, in that

produced the calculaticn again is done the refined calcu.!aticn of

\I



DOC = 60040201 PAGE 20-

these temperatures. ENriCCNC'IE.

Page 11.

Thq temperatures c- tae suzfdce of walls t,, and t, ,2 car be

detprmined graphically (fig. 1) as follows.

On the x axis ilct/dejosit value s/k, and on hctb sides

frcm it the cuts, equal to 1/a, and 1/az frcr ends/leads of which are

Fstablished the perpendiculars.

At a distance of tj and t2 trcm the axis/axle x-c and in

parallel to it draw a lire cf temperatures, which intersect with the

p3rp-indiculars at points a and z. Straight lire, which connects these

Foints, intersects the surface cz %all at pcirts c and d and gives

unknown temperatures In and t .

Mear temperature ct tne toundary layer:

t =,5 ( + ) C: (21)

where tq - mean temFerature cf medium, OC;

, - tempe rature of %all, determined according to fcrmulas

(17)-(20) or by graphic Betncd, 0C.

I
A
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By fcrmulas (15) -(21) usua during the calculaticn of heat

transfer and hydraulic resistaace.

D)uring tha Jerivaticn of calculaticn fcraulas cn heat exchange

and hydraulic resistance tzcs ccnducted experiments the individual

authors applied the difterent uetncds of calculating the determining

tiemperature4 in ordqr tc conlsider Tifl0 effect cf beat flux. Sole of

them as the determininc temj~ezatuze acceFted the temperature cf wall

tff. determined accordirS tc fczaulas (17)-(2C), others - mean

temperature of medium t... determiaad according to 4formula (13), the

third - different ccmbiraticns, tbE fcurth - nean temperature of

boundary layer t,,. determined according to fcrmula (21)and, etc.

Using calculaticn fcrxulas on heat exoharge and hydraulic

resistance, it is nacessary the determining temperature to calculate

by that method which was used with the derivaticn of calculation

fcrmula.
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~*;\,x~ t

2 A ~,M§

Fig. 1 . iig. 2.

Fig. 1. Graph/curve, cf detu~rmination of temperature of surface of

wall.

Key: (1) . Medium.

Fig. 2. Graph/curve of detraiunaticn of temperature of surface of

twc-layered wall.

Page 12.

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

1) the external surface c± tb first layer cf the wall
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,C+ D 11 + &S
k, 0.oc; (22)

SC+ "D+ D

2) the external surtaca o± the seccnd layer of the wall

Ot& + (a2D + ala2C) oC; (23)

11, (at + 20 D + af(C

3) on the boundary taeteen the layers cf the walls

t - (24)

Here a, - heat-trarzfer ccairicient of the first layer, kcal/,2h

oC..

- heat-transfer coeffcienc of the seccnd layer, kcal/m 2 h

0C .

t, - temperature cz miaiuz Ircm the side cf the first la)er, oC;

t2 - temperature cl medium fxcm the side of the second layer,

0C;

s,- the wall thickiass cf the first layer, m;

s- the wall thickress cf tke seccnd layer, m;

A
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X, - coefficient ct tae theraal conductivity of the first layer

cf wall, kcal/m-hour C;

X2 - coefficient cf the theriadl conductivity of the seccnd layer

cf wall, kcal/m-hour cC;

q - quantity cf heat, transferred cf 1 z2 cf the surface of

wall, kcal/mZh:

C and D - value, they are determined acccrding tc the formulas:

C~~~ =2 -'s1  St S, S!

The temperature of tni air, driven cut frcm tha

capacitor/condenser, is accepted:

1) according to data of the exFeriments

P

t. - t, + 4 + 0,1 (t2 - t,) C; (25)

2) according to the data cf the practice

t. = tj + (3-.-5) OC, (26)

where tj - temperature cf coclirg water upon the entrance into the

*" capacit'3r/condenser, *C;

I

...... " ... . . . , ~ ~ . ... .e.* . - = ,•4 -,
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t 2 - temperature ct cooling water on leaving frcm the

capacitor/condenser, oC.

Calculations acccrding tc tcraulas 125) and (26) give close

results.

Page 13.

Tha temperature of tae superheated steam which at the saturation

pressure is condensed as tie saturated steam:

t. t. + 0,0001515a (t. - t) OC," (27)

where t, - saturation te ,perature, which corresponds to condenser

backpressure, OC;

2,- heat-transfqr ccetticient ct water, kcal/Mh -0C;

- temperature of cccling water upon the entrance into the

capacitor/condenser, oC.

Formula (27) is applied during the deteraination of the cooling

surface of capacitcr/ccndenser, it it is necessary to lower the

tsmpprature of the sup.rheatied steam bfcre its ccndensation.

The temperature of tae saturated water vapor tentatively can he

- 1
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determined according tc tae fc1lowing apFroximated formulas:

t. -- 1OO Vp. C npii p.= 1,0-25 ama; (28)
3

t.Z 10VP T npC 'p. -,1-10 ama; (29)

t. =145 V/ 0C npw p.=O,03-O, ama, (:10)

ly: (1). with. (2). ato (aus.)

where p, - pressure of saturdted steam, atm (abs.).

The temperature of hater vapors - see aFendices table 1 and 2.

Difference in the temperatures.

By a difference ir the temieratures is urderstcod the heat drcF

betwen the final and ini:ial temperatures. while by the average/mean

diff3rence - an heat drcl ete'n mean temperatures cf heat-tzansfer

agents.

Quantity of heat. tiansfarzad through the surface during the

heat exchange, proporticral tc an average/mear difference in

tpmwFeratures.

with a uniform and small temperature drc; alcng the length of

surfaca of heating or cooliryg ar average/mear difference in the

-*_ __ 1 
,

,A- -I I - I I
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temperatures will be aritametical, which is changed on the straight

line from the initial tc final difzerence.

Aith the more interse heat exchange and large differences in the

temperatures, which usually is ckserved in the heat exchangers, a

temperature drop along the length cf surface is uneven; in this case

an average/mean difference in the temperatures will be logarithmic,

which is changed on the curve tioz the initial tc a finite difference

in the temperatures of heat-transier agents.

Page 14.

If relation - <2, tnen a difference in the temperatures

between the average/mean logarithmic and arithmetic mean does not

exceed 4o/o. In this case it is ,cssible tc use fcroulas (32) and

(33) arithmetic mean ditlerances in the temperatures.

The value of an average/mean difference in the temperatures

depends not only on the values ct the initial and final tempezatures

of heat-transfer agents, but alsc cn the directicn of the motion of

their flow.

The schematics ef th direction of the mcticn of heat-transfer

agents, which are usually encounzared during the calculation cf an
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average/mean difference in the temieratuies in the apparatuses, are

given in Fig. 3.

A lifference in the tezperatures of the heat-transfer agents

Ut = t2- t, T¢, (3t)

where t2 - the greatest temperdrure of heat-transfer agent, OC;

t- thp minimuw tea;erature cf heat-transfer agent, 0C.

Arithmetic mean diftarance in the temperatures:

* I

I- &'



1) for the unidirecticnal flow

;t = 05 [(, - t;) + (t2 - t;)J 0 C; (32)

2) for the countercurzent

t = 0,5 (t1 - - t) + (- t;)] CC, (33)

where ti, t' 1 - initial teajazatures of beat-transfer agents, oC;

t 2 , t' 2 - the final temperatures of heat-transfer agents, oC.

The diagram of a change in the temperatures of heat-transfer

agents and arithmetic rean difference in the tevieratures in the

dependence on the directicn ci ccclant flows is depicted in Fig. 4.

Lines AB and CD show a ckanSe in tte temperatcres over surface of F

with thi countercurrent, iinas AE and C'D' - vith the unidirectional

flow.

.o
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(1) IlpR~omok¢ ¢ ) fpornufomolk

e t;

Fig. 3. Fig. 4.

Fig. 3. Schematics of direction of motion of beat-transfer agents.

Key: (1) . Unidirectional flcw. (i) . Ccuntercurrent. (3).

Crcsscurrent. (4). Displaced current.

Fig. 4. Diagrams of change aritnueic m=an difference in

temperatures.

Page 15.

Average/mean logaritnmic difterence in the temperatures:

1) for the unidirecticnal tlc

I. . . .J . .. . . . . .. I
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a t, o-v - C. (34)
2.3 I - 7

Th-i diagram of a cnane in tne temperatures cver surface of F

with the unidirectional flcw is dekicted in Fig. 5;

2) . for ths countercurrent

At= (t - t)---- 4) -C. (35

2.3 Ig

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

with the countercurrent is given in Fig. 6;

3) for mixed and crcsscurrent:

Atm (12-t;)-- t-- t) CC. (36)

K243 Ig
, 1+12

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

with thca mixed current is represented in Fig. 7;

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

agents (fcr example, ccndansatle vapor) is permanent, the difference

tetween the unidirecticcal fiew and the ccuntercurrent disappears and

--I- -
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I
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the formula cf an average/mian lc~arithmic difference in the

temperatures takes the fc1lowinS form:

= 4 - t °C. (37)
t -. Ig _ ,-

II
I

A i



DOC = 90040201 PAGE 33

- F

Fig. 5. fig. 6.

Fig. 5. Diagram of change in teseaatures with unidirectional flow.

Fig. 6. Diagram of change in t.mperatures with ccuntercurrent.

Page 16.

The diagram of a change in the tqmperatures over surface of F

during the heat exchange when ore cf the heat-transfer agents has

permanent temperature, is giveL in Fig. E;

5) for single-flow capacitczs/condersers with crcsscurrent of

water and stpam accordirg to dxrfrimental data:

t= -c (38)
2-,3-,;g ,-,]

6) for the capacitcrs/ccndensers of twc-flcwing cnes and more:

Li
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At (2 - 4,) - (t, -t2 C (39)
2 t; C3

Here t - permanent teaFerature of heat-transfer agent, °C;

t,, t', - initial tem~eratures of heat-transfer agents, OC;

t2 , t'2 - the final tea .eratures of hpat-transfer agents, oC.

In formulas (38) and (j9) as the initial temperature of vapor t1

is accepted saturaticn temiezature of vapor which ccrresFonds to

absoluti condenser backpressure, and for the firal - saturaticn

t:mpprature of vapor t2, wnicn corresponds tc absolute conderser

tackpressure about tte ilace ct aix exhaust.

Li 28
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tz t.C n

r 4F
0i_ F---,-

Fig. 7. -1-. 8.

Fig. 7. Diagram of change in temperatures with mixed current.

Fig. 8. Diagram of cbane in texieatures during heat exchange when

cne of heat-transfer agents hds permanqnt temierature.

Page 17.

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

tcmp-ratura of thq walls cf tul tunes lower than temperature of its

saturation, then in foraula 134) ci an average/mean logarithmic

difference in the tempezatures is substituted the temperature of

saturation, and not supezbeated steam, which corresFcnds to its

pressure.

For the apparatusis with the more ccmplicated crcssed ard mixed

currint the calculaticn cf aveLage/mean differences in the

*19
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tempo.raturos becomes comilicatea Dy mathematical calculations. in

this casq thpeir calculatica can be produced according to formula (35)

with the subsequent multii.Licatioa of rqsult fcr correction factor

e~determined on the qra~ns/curveki of Fig. 9-12, given fcr different

flcw charts of heat-transfer ay eDts.

On these graphs/curves the vailue of coefficient £is given as

* the function of two dirersicn.less quantitifes z=f(PR). equal to:

Rt -I tt

*1t
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5# V/ VZ V 40 45 46 47 V41 40 ,P

Fig. 9. Values of corrsctica faczor a=f(PR) fcr determining the

avoerage/mean logarithmic difference ir the tezperatures in the

compound circuit of the votica ci liquids.

04rg 4-! 454 47 U' 4# , tP

Fig. 10. Values of correcticn Lactcr z~~M fcr determining

average/mean logarithmic diffazencd in temperatures in compourd

circuit cf motion ofliuid.

Page 18.

The relaticnshiF/ratic oi average/mean differences in the

temperatures in the twc-stage evaicrator with the equal heating

Itr



37
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surfaces in Each step/staya

tl = Q
T- A1  (40)

where At, - an average/mean dit r ence in the temjeratures in first

stage, °C;

At2 - average/mear diizaxence in the tesferatures in the second

step/stage, 0C;

Q, - rate of heat transalssicn in first stage cf

vapcrizer/evaporator, kcal/b;

Q2 - rate of heat transsssicc in seccnd step/stage, kcal/h;

k, - coefficient cz beat transfer in first stage, kcal/M 2h

k2 - coefficient cf neat transfer in seccnd stage, kcal/M2 h

oc.
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9,1 4Z29 4 45 0,5 0, 7 0,1 4~ IP

Fig. 11. Values of ccrrectica factor e=f(pR) fcr determining the

average/mean logarithmic diff~erence in the teureratures in the

compcuni circuit of the motion cf iiquid.

460

47
4,6

OZ 4Y. q4 0 'g5 071 "II 49 0P

Fig. 12. Values of ccrrecrt.cn faCtcr Z~f(P.R) fcr determining

average/mean logarithmic difference it temFeratures in compound

circuit cf motion of liquid.

Page 19.

Selection of calculated temierazres.

The temperature of tha outtoazd water: 1) the initial calculated

AJ
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temperature tj of the cccling cr i reheated cutbcard water is equal to

* approximately/Rxsmplatil) 15-iCOC;

2) the final calculated zemiarature t 2 cf the cooling outboard

* water:

In the oil coolers ... z0-s5 0C.

In the capacitors/ccndnsers ... 23-32 0C.

Increase in the teaferature at of ccoling water in the

capacitors/conde nsers:

'Two-pass and more than ... 8-110 C.

Single-pass ... 6-80 C.

For the capacitcrs/coadensers, which wcrk with p 0.1 atm(abs.),

A-t 13-17 0C.

Thi final calculated zesparature t2 of the preheated cuttcard

water in the preheatfrs ct vajoxizers/evaporatcrs is usually received

as 60-90oC; in the Dreheatezs (i thi circulaticn

vaporizirs/-vaporators:
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At a pressure in bcusing ot the vapcrizer/evaporator 0.7

atmn(abs.) ... 104-lC60C.

At a pressure in the nousing cf the vapcrizer/evaporator 0.3

atm(abs.) ... 850 C.

Temperature of feed wdter. The initial temperature of feed water

in the preheatprs is usualil the temperature cf the condensate, which

enters from the capacitcr/ccnerser, taking into account its increase

in steam-jet airs ejectcr, mixers and other aFparatuses, if they are

Fstablishad/installed cn thne bay from capacitcr/condenser tc the

pehiatsr, or the temspsatue ci ccndensate ir by heat box.

Initial calculated temperature t, of feed water usually

lies.'rests within limits Of 36-500C.

Final temperature t2 of feed water in the preheaters is selected

in depending on the thersal circuit of installation and number of

steps/stages of preheaters in it, and also cn the ccnstructicn/design

cf boiler, and usually it is accepted:

4

>1

'.I i l l I I I
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eC
Cl) nitP oRlocryflenmaroa noaorpese . * 95-ItS5
M) flp ARYxcTyMMShTom noreor..pea..e ... 120-170
(nj) lpff Tpexcrynexqarou nftop orpe.ae.. .. I70-220

K~ay: (1). With the single-stage cf preheating. (2). W4ith two-stage

preheating. (3). During thrie-sta~e preheating.

Temperature t of the neated wdter in the atmospheric deaeratcrs

is raceived as 102-1040C, and in the vacuum ones - cerresponding tc

the boiling point with this work.ing pressure In the housing cf

deaerator.

Page 20.

Thq temperature of heaating steam: 1) for the

vaporizqrs/evaporators zinimuu tesierature t of the saturaticn higher

than temperature of the saccndazy steam an 15-200C, but maximum (with

the supirheated steam) is act algher than 20C-230OC;

* 2) for the deaeratcrs (vith tone mastered superheated steam)

t=180-230 0C;

3) for feel heaters and j reheaters cf the circulation

vaporizsrs/pvaporators, %bich %ci on the extaust steam, t4,2300C:

AMO
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4) fcr thq preheaters of usual evapcrative installations (vacuum

or workirg under the pressure) iraheating water is ccnducted ty the

secondary steam of vapcilzers/evapcratorS or ky condensate of heating

steam.

Th3 temperature of tue petrola-,m: 1) the initial calculated

tampa.rature tj of petrcleum in neaters of fuel/Fropellant is received

as 10-15OC;

2) the final calculated teizezaturg t. cf petrcleum usually is

taken within limits cf 9C-95oC;

The temperature of cil: 1) tae initial temFerature tj of oil

upon the 4ntrance in oil coclers usually is arFrcximately 55-60°C;

2) final temperature tz ct oil, which emerges from the oil

cooler:

For the lubricaticn of tna tearings of shafting, turbines,

reducer, etc. ... -!50C.

For the lubricaticE cf the teeth of r2ducer and automatic
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control ... 35-45 0 C.

The selection of the calculated temFeratures of oil is conducted

in the iependence on the viscosity of oil used: the less the

viscosity of oil, the is accepted relcw the temperature of

lubrication and vice versa.

A difference in the taemeratures At between the initial

temperature of the heating icccling) medium and the final temperature

of heatad (cooled) medium must comprise not less than 8-100C.

A difference in the temieratures in the capacitor/condenser

between the condensable va~or and the cooling water on leaving on the

average comprises:
0C

(I) ,ID4 cMat.o,,;IpIMIX "yVp6H ....... ...... . 4.5-65
(c fiaji nopwieni-ex itapoael*x MawHI..a.. . .......... 8.5-11
M. l. Kopa6e.1bll.x Typ6oycraw0sow cpeAfneA mo,,,-1

.ocT. (18-35 ruc. A. C.) ..... ............ 22-28
4)JASw Kopa6e.abllmX Typ6oycra1OOK 6ObLwOR MOU-

HOCTH (50-63 T C. o1. C.) ............... .... 8,5-11
0).ix Kommep'IccKnx cyaoa c napoOMUH Typftiam, 6.5-8,5
(Wllin KoMomep'IecKmX cyzoa C napOsMMN MaMNam. 14-16.5

Key: (1). For the staticnary turbines. (2). Pcr piston steam

* machines. (3). For ship turbcinstallations cf average/mean power

(18-35 thousand hp). (4). Por ship turboinstallations of large power

(50-65 thousand hp). (5). for commercial vessels with steam turbines.

(6) .Fcr commercial vessels with szeam engines.

M:

.. .. m*1. . -. : = . _ i n • " I n '
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A difference in tie temFezatues At between the primary and

secondary steam of vapcrizers/evafcrators it is expedient to assign

within limits of 20-30 0C.

A difference in the zesEezatures At between the temperature of

tho entrance of water irto the cixculaticn vapcrizer/evaporatcr and

the temperature of the cutput ot Drine from the vapcrizer/evaporatcr

is received as 12-15 0C.

Page 21.

Difference in the tempexatures At betweer the temperature of

condensation and the tealeratuxe ct condensate cn leaving frcm the

capacitor/condenser:

In the reqenerative caacitczs/condensers ... loc.

In the nonregenerative capacitors/ccndensers ... 40C.

A difference in th.e teameratures between the temperature of the

condensable vapor and the tesmezature of air, 'i.e., the possible

value of supercooling ccndensate in the condersers cf the type O-V

for guaranteeing the receaeraticn

A t- t- ,+ YC,



A
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where t. - condensaticm :eue eature cf vapcr, 0C;

4 temperature of the dir, uriven out frcs the

capacitor/condnser, 0 C.

§3. Volumes and weights.

By the specific vcluae oi substance is ucderstcod the ratio of

the volime, occupied b) suastauce, to its weight. Unit the

measureient of specific voiumds - a3/kg cr cu 3/g.

The value, reciprocal to specific volume, it is the specific

gravity/weight of substarca and is designated by letter y.

Dimensionality of specilic gravity/weight - kg/M 3 or /cM 3 .

The mass of unit vclume is called 4ensity and is designated by

letter p.

The specific volume of tne medium:

V I "M/ g, (41)
whee Vc t - t

where V - volume, occu~iEU2 ky lEdium, the *3;

K.
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G - weight of medium, k9;

I - the specific cxavity/weigbt cf medium, kg/m 3 .

Thq specific volume cf vajc¢s and gasps (characteristic

equation):

S 3,/kg, (42)
p

where T - absolute temperature, OK;

p - pressure of vaicr cr gas, kg/m 2 ;

R - gas constant, kS-i/kg OK.

The specific volume of the suierheated steam:

.'-O rT0,016 33 /kq, (43)P

where T - absolute tempexraure cf vapor, OK;

p- pressure of suerheatrad steam, kg/u 2 .

*1I
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Page 22.

Specific volume of wet steam:

'V,-Xs= a 3 /kg, (44)

where x - a degree of dr)uess ct steam; Fair;

V, - the specific volume cf dry saturated steam, m3/kg.

The specific volume ol tbe hixture:

01V1 + Q2- +... s (45)

wher G,, G2 - weights ct tne ccmpcnents, entering the mixture, kg;

vs, v2 - the specitic vclum6s of the ccmpcnents, entering

mixturp, m*/kg.

The volume of mixture in tte capacitor/ccndenser (according to

the law cf Dalton):

K1 vc= v,,+ v. , (46)
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where V, - volume, occupied oy vapcr, m3 ;

Vo- volume, occupied by air, M3.

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

I.= 9V7+,) ' h (47)

where t, - temperature cf air, OC;

G.- weight of the exnausted air, kg/h:

P, - partial air FreSsure, kq/u 2 .

Ths volume cf dry air in dJepadinq cn the temperature:

27 (48)

whera Va - a volume of dry air at temperature of 0OC and barcmetric

pressurR 760 mm Hg, 33;

t - temperature ¢f air, QC.

Thq volume of water in the aederatirg tark fcr the shiptcard
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installations is selected frci tae conditions fcr a 3-4-minute water

supply and is determinid

FS +-,0 '(49)

whera W - a quantity of daderated water (prcductivity), t/h;

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

Page 23.

The specific weight c± the numid air

"6,, = T , --0,176.? t/4, (50)

where T - the specific ea.ignt cf dry air (it is found through tables

5 cf applications/appendicas), cf Kg/n 3; - water vapcr

pressure upon the completa saturation of air, mm, Hg;

T - absolute temuerature of humid air, OK;

S- relative air bumidity:

where k - partial water vapcr r ssure im Hg;

d - moisture conteat ci air with this temperature dnd upon
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this saturation:

d.6228__. t hB , 4 dry air,

- a moisture ccntazt of air with this temperature and upon

completea saturation, the 4/kg;

3 - barometric frEssure cf atmospheric air as the gas mixture:

B=/+h. mm Hg,

where kc - partial pressure cx dry air, sm Hg.

The weight of the humid air

a.. GO + G., Kz,(51)

where -- - weight ct drj air, kg;

03= - weight of watEr vapors, kg.3, 461 T

Here B - barometric rjzssure cf atmcspheric air, mm Hg;

*i j - partial water vajcr Fressure of the atmosphere, am Hg;
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T - absolute temprature of air, o;

number 2.153 - the gas ccnstant ci dry air ic the measurement of

pressurq in kg/m2;

number 3.4(A - gas ccnstant water vapors in the measurement of

Frqssure in kg/m 2 .

Page 24.

The specific gravity/weigat cf oil-Ercducts with different

teme ratures

ri=To- (t- 20) t ,um, (52)

where y2 o - thq specific gravitj/weight cf cil-product with 200 C,

t/M3

- temperature correcticn for 10C (it is determined on

Tables 1):

t- temperature of cil-Fzcduct, OC.

I
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The graph/diagram c± the depeadence of the specific

* gravity/weight of diffeireai ci1-prcducts on the temperature is given

in Fig. 13.

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

see applications/appendicas,T atle 1-14.

The enthalpy (enthalpy) oi the humid air:

4. -O,24t±+ (0,46t + 395) d10-3 kcal/kg dry air, (53)

whers 0.24t - anthalpy cf dry air, kcal/kg;

0.46td10-3 - heat of superhedt cr the water vapcrs, which contain in

the air, kcal/kg the drj air;

5959110-3 -heat of vaFczizaticr with 00 C, kcal,'kg dry air.
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* 4M

47 0 M . 44 59 WO 7G 0 90 t C

Fig. 13. Graph/diagram c± tne defendance of the specific

gravity/weight of oil-pxcducts ca the temperature. M12 -petrclauu

residue the sailor; 14120 petrclaum residue naval; M40 -petroleum

r--sidue furnacq; UT and I -lutzicating oils.

Key: (1) . t/M3 .

Table 1. Values of tem~exzure ccrzecticn i

sec flH

0,90 0.000633
0.91 0,000620
0,92 0, 000607
0,93 0,000594
0,94 -0.00058
0.95 0,000567
0,96 0,000554 -

0,97 0,000541

K~ey: (1) .Specific graviti/weignt with.
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4. Heat capacities.

Heat capacity, cr weight siecific heat, is called a quantity cf

hqat, ne.cessary for the keatln I xg substances on 10C. with an

increase in the temperature the heat capacity increases (for mercury

it decraases).

Page 25.

The heat capacity of impearfect gases dapends not only on

temperature, but alsc cn the ixissure, ard it is subdivided into the

heat capacity at constant iressura c. and the heat capacity at a

constant volume c,.

Is distinguished heat cajacity weight, vclumetric and mclar in

depending on that, tc wnat quautitative unit it is related.

4eight heat capacity cc0 or c, is measured in kcal/kg oC;

volumetric ¢a - in kcal/a3 0C ard molar pc - in kcal/mole 0C.

Thq heat capacity cf the watez:

c 0,9983-0,005184t10-' 1 0,006912 i 0- 4 kcal/kg oC, (54)
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wher t - temperature cz watez, oC.

Thermal capacity cf watez vaicr:

.1,=3+o 1,199
c.p -a c. +p 0,31 r P), kcal/kg C, (55)

where C, = 0.3613+0.00C13bI+ ,-0 - heat capacity with p=0;

p- absoluta pressure, y/uM2 ;

P.= 225.059104 - criticai fpessure, kg/x2;

T = 273.2+374=641.2 - critical temperature, OK;

T - absolute temkezature, 0K.

Tha heat capacity of overheated water vapcr in depending on

temperature and pressure of steam - see applicaticns/appendices, Fig.

1.

The heat capacity ci the cal-iroducts:

c,= (0,403 + 0,00081t) kcal/kg 0c, (56

$

.L,.V
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whers t - tamperature ct oil-¢Lcducts, OC;

11 s- the specific gravity/weigbt of cil-Froducts with 150 C, t/m 3,.

The graph/diagram ct the deFindence of the heat capacity of

cil-products on ths tenjeratuze ard the specific gravity/weight is

rppr~sentqd in Fig. 14.

Heat capacity of the aiz:

cj 0,2404 + 0,0000843 t kcal/kg 0c, (57)

where t - temperature cf air, oC.

I I\. . l . . I . . .II ..
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* rqqs

Key- ~r (1) kSatg
4 fl f, fs# oxxAv Wt Cc

Fig. 14. Graph/curve of a chan~ie of the heat capacity of oil-products

in the dapendence on the tempdzatuze and the specific qravity,-veight.

Kay: (1) . kcal/kg.

Page 26.

The graph/curve of a cbar&e in the beat capacity of the air,

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

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

timperature and the pr.ssure - lb.

The heat capacity ct the humid air:

c, 0,242 + 0,47d 10-

kcal/kg dry air 0c, (58)

where d - a moisture ccntut cf air, g/kg.

i-C
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The heat capacity ct the mixture:
¢C l t c + G .I C - + . .

uiit' + U' +...

kcal/kg oC, (59)

where GI, Gz - weights cf blendirg agents kg;

t, 1 t 2 , temperature ci the blending agerts, OC;

C,, c2 - heat capacity oi tme blerding agents, kcal/kg 0C.

The expression cf the de~anaence between the mclar heat

capacity:
pc, = C., + AR = Pc, + 1,985, (60)

where pAR=1.985 - the gas ccnstant of 1 soles in the thermal units.

Translaticn/convesacn ct zoldr heat caFacity pc into weight c:

C _(61)

4I
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-- j a40 1 M Ir JX -g t

-. fa to 1 e

F . 1 .fgc6

F-4. 1. Gaphcure o cang cthea caaciy o th ai i

Fig. (1. kcg. 16.

Fig. 15. Graph/curve of caage ct beat capacity ocf the air in

*dependence on temperatuze adiesue

Kay: (1). kcal/kg. (2)0 etalacs.).

Pagq 27.

7 Th-4 translaticn/ccnversica cf the weight heat capacity c inxto

.... ....... ... ..........
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volumetric c.6:

C06 C7- (62)

The value of heat capzacities for differert bodies are given in

appendices (Table 4-14 and Fig. 1-3).

5 . Coefficients of theimal ccrductivity.

Thq coefficient of tbarmal. ccnductivity indicates the atility of

substance to carry out heat. The value of this coefficient determines

a quantity of heat which is passed per unit time thrcugh the unit of

* the surface of wall with a temjiaaure drop cn 10C per the unit cf

*length and it is measured in kcal/m-hour cc.

The coefficient of the thezuaal conductivity of water in

dependinig on temperature is sncwn raphically in Fig. 17 and Table 6

of aoplications/appendices.

Tha coefficient of the thermal conductivity of the water vapor:

0,07ev' icai/m-hour OC, (63)
1+321

- where 4 - thermal capacity of water vapcr at a constant volume,

equal to

K.
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c,-0,259 +O,O00111 T cal/kg oc,

T - absolute teutzature, OK.

Th3 coefficient of -he tarzal conductivity cf water and water

vapcr in depending on tesperatute and pressure is represented curves

in Fig. 18.

K.. ?
Ak I
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Fig. 17. Fig. le.

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

te.ptnrat ure.

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

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

in depqnding cn tomperatuza and j.:6ssurq.

K-iy: (1). kcal/.-hour. (2). Saturation curve. (3). kg/cm2.

Page 28.

The coefficient of taeral ccnductivity for the overheated water

vapor in depending on texparature and pressure -se

applicaticns/appendices, Fig, 2.
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Th3- coefficient of tn tnermal conductivity cf the air:

~, 0.0OI67(a1+ o.OigmT y,7
117 kcal/m-hcux 

0 C, (64)
$+T

where T - absolute temperature, OK.

The curve of the dekandence of the coefficient of the thermal

conductivity of air cn thh temperazure is given in Fig. 19, and 20

are depicted the curves cf tke cceificient cf the thermal

conductivity of different gasas at pressure 760 mm Hg and different

temperatures.

The coeff4icient of taa tnersai conductivity of oil in the range

of temperatures of 20-1COCC for the approxisate computations can be

acc-pte1

k =0,10 .--0,11 Kcal/m-hour cc. '(65)

The coefficient of the tndrzal conductivity of oil-productb can

be determined according tc the empirical formula

-0.01 (1-0,00054t) xcal/m-hcur oC, (66)

where y1, - is specific waijnt cf oil-products at temperature of

150 C, t/m
3
;

t - mkan temperatuxe, oL.

A
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Fig. 19. Fig. 20.

Fig. 19. Coefficient of tieruai conductivity cf air in depending cn

*empsrature.

K~:(1) . kcal/m-hour.

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

prossure 760 mm Hg and di.:ferent temperatures. 1 - cxygen, nitrogen,

air: 2 - water vapor; 3 - zlue gasds; 4 - carbonic acid.

Ke3y: (1) . kcal/m-hour.

Page 29.

This formula is appli~ed to tha oil-Ercducts with the specific
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gravity/weight, iqual tc 0.78-0.9~5 t/M3, in the range of teuFeratures

Cf 0-2000C.

Fij. 21 depicts tie coefficients of the thermal conductivity of

diff-irent brands of oils in depending on the temieratures, calculated

accordiaig to formula (66).

It should be noted tbat iu thQ literary sources cccur and other

formulas of the definiticn c± the coefficients cf the thermal

conductivity of oil-prcdtc-s, which givi contradictcry results, in

consequence of which fczzula (66), and also existing up to ncv

formulas, which differ frcin fcrua (66) , it is possible to examine

only as those approximated.

Fig. 22 gives the curves cr the coefficients of the thermal

conductivity cf different meta.Ls i.n the dependence cn the

temperature. The value cf the cceiiicients cf thermal conductivity

for different bodies -see appli.cations/appendices, Table 4-12.
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21. Fig. 2;.

Fig. 21. Coefficients ct thermal conductivity cf cil-prcducts in

deponding on tamperature. 1 - cil turbine Ul; 2 -oil turbine T; 3-

¢ii diss, I,

K-zy: (1). kcal/m-hour,

Fig. 22. Coefficients ct thermal ccnductivity of metals in depending

cn temp-irature, 1 - copier is pure/clean; 2 - ccpper 99,9o/o; 3 -

aluminum 9g,7o/o; 4 - aluminum S9, 0o/o; 5 - zinc 99,8o/o; 6 -nickel

99,0o/c; 7 - iron 99,8c/c; 6 - lead pura/cl=.an technical.

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

i E 6. Viscositia.s/ductilities/tcughress.

*32
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Viscosity/ductility/toughaess characterizes the value of the

xolccular cohesion/coupling of jazzicles and depends cn the fcrce cf

the internal friction, wticn a jears betweer twc layers of liquid

during their motion.

Viscosity/ductility/touganess is determined by the speed of the

displacement/movem.nt cf layers and by the prcperties of liquid. The

viscosity of liquids with an increase in the temperature decreases,

and with the pressure increase insignificantly it increases; howevsr,

at high pressures - 10C armiats.) and more - visccsity change beccres

parca ptible.

Page 30.

The unit of absolcts viscosity represents the force (tangent),

nece.sary for the mutual displdcemant at a rate of 1 cm/s of two

layers of liquid in area I cmZ eaca, located at a distance 1 ca one

reiative to another, and it is exizessed in the poises.

Thq ratio of absolute visccsity to the density at the same

temperature is called kiramatic viscosity.

.1

S
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In the system of practical units is dynamic, or absolute,

viscosity is PXDressed ir xges/m 2 , and kinpmatic - in m2/s. Viscosity

in the 2ngler dagreas is ratio cz zhP time cf the discharge 200 cm3

cf product to th-. time c the discnarge cf the same volume cf water

frcm Englarls instrumert with zO0 C and is designated OE.

The dynamic viscosity of the water:

0,0178 poises, (67)-T T 5,6337 t + 0.0f221ta

wherp t - temperature ct water, OC.

The dynamic viscosity of water in lependirg on temperature is

represented curve in Fig. i3.

The dynamic viscosity of gases and water vapor

p - kges/m 2 , (68)
821 +t 273

where t - temperature ct gas or vajor, °C;

T - absolute tem~ezature c gas or vapor, OK.

For the overheated watar vapor dynamic visccsity in depending on

A%
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temperature and pressure is represanted curves - see

applicaticns/appendices, Fig. 3.

Dynamic viscosity ct tke air:

P0 10=,1 2 I/ +oo03665t(I +0,0008h) kges/mu. (69)

t - temperature of air, oC.

Fiq. 24 and 25 give the respectively curved of the dynamic and

kinematic viscosity cf air in tbe dependence cn the temperatuze and

the pressure.

The dynamic viscosity of air, water vapcr, oxygen, nitrcgen, and

also the kinematic visccsi2ty)¢ flue gases in depending on

temperatura are represented in fig. 26.

*
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I'I

too

.oso

i41ze

Fig. 23. Dynamic viscosity ct watex in depending cn temperature.

Key; (1). kg s/rn2 .
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F 4 Fi,. 25.
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Fig. 24. Fig . 25.

Fig. 24. Dynamic viscosity of ait in dependirg cn tempirature and

pressure.

Key: (1). kg s/m2 . (2). aet(abs.).

Fig. 25. Kinematic visccsity ci air in deponding cn temperature and

Fressure.

Key: (1). m*/s. (2). ma h.
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Fig. 26. Dynamic viscosity cf air, cxygen, nitrcgen, of carbon
dicxid@, latr vapor ard &inema~ic viscosity cf flue gases in
dependinq on temperature.

Key: (1) . kg s/rn2. (2) . cxyyen. (3). air. (4) . r itrcgen. (5).
carbonic acid. (6) . wat t va cr uh 760 mm Hg. (7) . flue gases.

Page 32.
The effect of pressure cn the isccsity of gases to p10 atm (abs.)
can be disregardEd/neglected.

Th kinematic visccslty of the mixture f gases in theengineerinq 
is computed accordiny to th foruula:

Z"CM

I~,, .. t 1

tAAS
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where I,.'. Is - kinematic visccsity of separate compcnents, m2/s;

VII v2, v3 - volumetric CCnteDta of separate blending agents, o/o.

The dynamic viscosity cf the cil-prcducts:

0.211
Ig lp -= -3 +TOI

poises, (70)

where y - specific gravity/weight cf oil-prcduct at appropriate

temperature, g/cM 3.

For the most commcnly used luaricating ci]s and the petroleum

rasidue Fig. 27 depicts their Kinazatic visccsities and visccsity in

the Engler degre.s in dejendin cn the temperatures, obtained

according to the data cf tests.

For determining the viscosity of oil-prcduct at

prsscribed/assigned temerarure it is possible tc use the following

approximation formula cl recalculation:

OE or (71)

4
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where, OEso - viscosity 1o) or xiaematic visccsity 'M at 500C,

indicatid in the standazds for the oil-products:

t - temperature at which it is necessary to determine

viscosity, by °C;

n - exponent, it is selected onTables 2.

Formula (71) is appliej in toe range of temweratures frcm 30 to

150 0C for the viscosity cf cil-Exoducts, which does not exceed 160 E,

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

cf cil-prcducts more 160 E.

I.

I-i

K::
II
Ai
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Table 2. Values cf 9xpcnent n.

EO 11.2 I'. 11,. 12.0 13.0 14.0 13.0 16.0 17.0 18,0
____1,391 1.591 1.7211.791 1.99 2,19 2,241 2,32 2,42 j2,49

2,52J. 2.56 2.75 j2.86 2,06 3.r .3,10o 3.17 3.32

'A
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Fig. 27. Dependence cf viscosity oi lubricating oils and petroleum

rpsidue cn temperature. 1 - cii turbine UT; 2 - oil turbine 1; 3 -

oil dies-l; 4 - potroleum residue the sailor M12; 5 - petroleum

residue the sailor 420; 6 - petroieum residue furnace M40; 7 -

petroleum residue furnace M80.

Kay: (1). Kinematic viscosity cceficisnt. (2). Viscosity in Engler

degrees.

Page 34.

Transfer Pquaticns frcm sce ones of viscosity to others:

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

dynamic viscosity p, ex1ressed in working stardards:

1 Doise I dynes. ./cm2 = 1/98. I kges/m2 ; (72)

2) from the dynamic viscosity, expressed in the poises, ? to

kinematic viscosity

1 poise = 7/9E2.36 Ma/s; (73)

3) from the dynamic visccsity ; to the kir ematicv:
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P IS (74)
p *T

4) from kinematic visccsiy , to the dyraaic ;:

p =vp- _v _ kg-s/t2 ; (75)

5) from the viscosity, exixesed in the Ingler degrees (OE), tc

the dynamic viscosity .:

It, 10. (,746 E kg*2/ua; (76)

6) from the viscosity, exjr.Essed in the Ergler degrees (GE), tc

kinematic viscosity ':

V,104, = 7,31-E13 ' =z/S. (77)

Here p- density, xg-s/m;

7 - specific gravity/weight, kg/u 3 ;

g - acceleraticn cf gravity m/s 2 .

I'
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The graph/curve of the recalculation of viscosity from the

Engler degrees into the dynamic ana kinematic viscosity in depending

on the specific gravity/ue2yht cf liquid y (t/m3) is represented in

Fig. 28.

The values of the ccefzicients of visccsity for different media

are giver in appendices (Tatle 4-14).

7. Speeds.

Under the average speea cf the moticn cf medium or flow is

understood the path, passed bj the moving medium for the time unit.

The speed, at which cccurs tke traEsitior of stream-line conditions

intc the turbulent with tac ccnstant/invariatle visccsity and the

given diameter of duct, is called critical sFeed.

Unit speed measurement oi flow - M/S.

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

22.

Tha spaed of medium acccxdlng to the equaticn of the continuity:

' A- M/s, (78)

IY
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where G - expenditure/ccnsumptlcn cf medium, kg/s;

7 - the specific cravity/weight of medium, kg/M 3 ;

F - sectional area of ojening/aperture, *2.

Cischarge velocity thrcuyh the opening/aperture:

-=? /Y.' (79)

where • - velocity coefficient (See § 25);

q - acceleration Ci gravity of m/sz;

S- velocity head, m;

71 - the specific gravity/weight of medium under standard

conditions, kg/M 3 ;

.z - the specific gravity/weight cf medium at its mean

'emFezature, kg/m 3 .
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Page 36.

The speed of mixture in tne section:

VCU + GA+ M/e(80)

where GI, G2 - weights cf toe ccakonents, entering the mixture, kg;

v,, v. - speed of the ccajonents, entering the mixture, r/s.

The critical sp.ee cf tie bater:

p
UP - */s, (81)

where p - Poisson ratic of visccsity to the density:

P I + 0,0=I + 0,000221 ;

B=43.79 - constant;

d - inner diameter, s;

t- initial temperature cf water, oC.

7 Discharge velocity cf steaa tehind the rCz2le:

;i
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= 9 ,3 ] m/s, (82).

where 0 - velocity coefficient Isee § 25);

k- adiabatic drcp/-uap in the heat:

ha--- kcal/kg;

i o - enthalpy of steam with rczzle entry, kcal/kg;

id- enthalpy of steam cn leaving from the nozzle, kcal/kg.

The critical speed cz aiscnarye of steam (gas):

IVp mJ '2gpy , - * m/s, (83)

where g - acceleration cf gravity m/s2; - a pressure of

vapor or gas, kg/mz;

v, - the specifi-c volume cz vapor cr gas, M3/kg;

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

7 gases; k=1.3 - for the superheated steam; k=I. 135 - for the dry

saturatal steam; k=1.035*J.lx - for wet steas;

V
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x - degree of dryness ci szeam.

Speed of sound in the gases:

i,=Vgkpy, 3/s. (84)

whare g, k, F and v, - me same as in fcrmula (83).

Page 37.

Tha average speed ct liguid in the cylindrical housing with the

transverse bulkheads:

,,,.I+(N- I),Av m/s, (85)L+(N-I)A

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

v, - speed of the liguid a cye the partition/baffle, m/s;

v2 - speed of the liquid between the Fartiticns/baffles in the

- cntntral serips/row, m/s;

..

I
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N - number of partiticns/affles;

N-i - number of gaks/intervais between the partitions/baffles

(input and exit sections are nct considered);

A= - average/mean length cf the gars/intervals between the

partitions/baffles, equal tc distance between centers of gravity cf

the areas of the segments (cut cff by partiticns/baffles), ccnfined

by chord s, m;

f - area of the segment abcve the partiticn/baffle, m2.

The speed of the cc¢densed steam in the caFacitor/condenser:

o. M/s. (86)

whera G - a quantity of condensed steam, kg/h;

v.,- specific volute cf steam, m3/kg;

S.7 L - length of steam housing, m;

D - outside diameter cf tae arrangement/pceition of the beam of

tubes, m;
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d,- outside diametez of tutes, mm;

t - space of the laying cut of tubes, urn;

. 'It I- solidity/icading factcr cf the tube plate, see formula

S(175).

Tha maximal allcwatle s e6ds cf steam in the upper series/row cf

the tubes of capacitcr/ccndenser. The values cf allcwable speeds of

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

vacuum in thp capacitcr/ccndensez are given ir Fig. 29 and .lale 3.

II
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I 40 S * , 1?

Fig. 29. Dependence cf tha saxisum permissible speed of steam upon

the entrance into the cajacitcr/ccndenser on the vacuum.

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

Page 38.

In the contemporary shipbcard capacitors/ccndensers are accepted

the higher speeds, which reach ky 60-100 m/s bith the vacuum 0.08

atm(abs.).

The speed of steam in thb central gangway cf capacitor/ccndenser

is usually received as v=j-5 a/zs. In the remaining parts of the

capacitor/condenser it is necessary to attain the identical sfeeds,

on the basis of the requiremenz to prevent the Fcssibility of forming

air pockets (stagnant flaces).

Speed of steam which carries along the drops of the water:

~' lc!
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~ 3/S 9 (87)

where g - accelaraticn cf gravity m/s2 ;

d - diameter of spibeLical dtcp, a;

T. -the specific gravity/%eiibt of water, kg/ru3 ;

T.- spocific gravity/we.ight ct steam, kg,.3 .

The values of the z~eeas at which steam it carries along drops,

in depending on the dianeer ct dzcp and pressure of steam P, are

given in Table 4.
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Table 3. Values of speeds steam uicn the entrance into the

ca pacitor/condenser.

Mi)LlaaeRMe , KOlUeMcaTope, ]
ama 0,03 0,04 0,05 0,06 0.07 0.08 0,10

CXOPOCrb lnapa a uepmie.
pxy pY6ox, .,'cem 80 72 65 59 55 52 47

Key: (1). Condenser bacxressuze, atm(abs.). (2). Speed of steam in

upper s3ries/rcw of tubes, a/s.

Table 4. Values of speeds cf steam.

d. W 0,06 1 0.08 0.1 1 1,0 2,0 3.0 4.0 J5.0
p. ama ) CopocTb, np. KOTopii nap yeacxaeT xanrn, M/cew

0.2 3.2 3.6 4,2 13,0 19.0 23,0 26,0 29,0
0.4 2,3 2.6 3,0 9,5 14,0 17,0 19,0 21,0
0.5 2,1 2.4 2.7 8,4 12,0 15,0 !7,0 19.0
0,6 1,9 2,2 2,4 7,6 11,0 13,5 .15.5 17,0
0,8 1.7 1.9 2.1 6.7 10,0 12,0 14.0 15,5
1.0 1,5 1.7 1.9 6.1 8.6 11.0 12.0 14,0
1.5 1.3 1.4 1.6 5.0 7.4 9,0 10.0 12,0
2.0 1.1 1,2 1.4 4.4 6,2 7,6 8,8 9,8
2,5 1.0 1,1 1.3 4,0 5,6 6,9 8,0 9,0
3,0 0,9 1,0 1.1 3,6 5,1 6,2 7,2 8,1

Key: (1). ata(abs.). (2). Speed at which steam carries along drops,

M/Se.

Page 39.
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Sel-ection of rated speeas.

Tha speeds of steam v in tne kranch pipes cf heat exchangers

usually are accepted:

For the saturated steam ... 30-50 m/-s.

For the superheated steam ... 50-75 w/s.

For the capacitcrs/condeasers ... lOC-15C M/s.

The speed of liquids in the branch pipes cf heat exchangers can

ti accepted 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.4-2.5 m/S.

For the main capacitors/ccrdensers it can te accepted also in

the dependence on the ezjenditure cf cooling water, speed of vessel

and construction/design cf circulation branch pipes and can teach

2.5-7.5 m/s.

Spaed of the proheated water in ths tubes cf preheaters 1-2.5
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a/s.

Speed of cooling %ater in toe tubes of capacitcrs/condensers

1.8-2.4 m/s.

Usually average speEs v acce6t:

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

system of cooling water ... 1.Z5-2.0 m/s.

For the single-pass capacitors/condensers during the supplying

cf cooling watar by the pump ... 3.0 x/s.

For tha capacitcrs/ccndensers of the twc-pass and with a large

number courses ... 2. 4 m/s.

The velocitv of cooling w-Tater in the oil-cooking nines in
o.4-I.0 m/1s

Thq speeds of water and especially marine watsr are limited tc

the usually indicated hizits, cz the basis cf the ccnditions cf

preventing the phenomena of corrosion and ercsicnn which considerably

more intensqly flow/cccuz/last at the higher speeds and destructively

they act not only to the blacxs, but alsc tc the nonferrous metals.

Speed of petroleum in the tubes of fuel heater v=0.5-1.2 m/s.
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Speed of oil in the itertuba space of oil ccolers v=0.4-0.8

M/S.

Th.3 exit velocity ci ccndensate from the apparatuses is assigned

in depending on diversicr ccnaiticrs for ccndensate, local

resistances and the like and usually are accepted v=0.4-1.0 m/s.

Speed of air-steam mixture in branch pipes v--15 m/s.

8. Expenditures and quanrties.

Under the expenditure is urdetstood the amcunt of liquid, which

takes place per unit time thicuga the "clear cpening of its flow".

Page 40.

Fluid flow rate is datermired from the fundamental flcw equaticn

- so-called equation of continuity, ccntinuity cr ccntinuity cf the

motion of jet. The measurament cf expenditures and quantities is made

in the units of weight it/h, xgy/h), vclunetric cnes (m3/h, I/s) and

thermal (kcal/h).

For the gases and the vakars, i.e., elastic liquid, volumetric

flow rate 4s not charactezistic value as a result of the possibility

-L
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of their expansion or ccupressicn, and in this case it is necessary

to use the weight flcw rate, whica are a constant value for all

sections.

The flow Rquaticn:

Q = , f = const, (88)

where vj, v2 - speeds cf ficw, a/s;

fl, f2 - sectional area ci zlow, g2.

The expenditure of liquid cr gaseous substance according to the

equation cf ths continuity:

a!= kg/s, (89)

where u- speed cf medics,m/s;

F - sectional area, z2;

v - the specific volume of zedium, 33/kg.

Flow of the cooling watEr:

W= 1V Q i)kg/h, (90)

A t -j
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where Q - the quantity cz heat, transferred tc water, kcal/h;

c-the heat capacity ct uater, kcal/kg, °C;

t, - initial teuperature ct water, oC;

- the final teuerature cf water, oc.

Expenditure is vapci:

G=-. 2 kg/h, (91)
-q

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

r=I,02 - coefficient, uhica ccnsiders the heat lcsses;

i- enthalpy of steam, kcal/Ag;

q - enthalpy of liquid, kcal/kg.

Page 41.

& .



DOC =0040202 FAG 9

Heat consumption can be daetrmined according to one of the

following expressions
(,)

Q = Dc (t - t,) A',/a.Wc
Q =D (i - q) aAltac

Q = F.F (t, ) KxaA/ac,(92

Q = kFAt AaAf'Iac

Key: (1). kcal/h.

where D - a quantity of heated aubstance, kg/b;

c - heat capacity of substance with mean temperature, kcal/kg oC;

t- initial temperature, 0C;

t- final tempezature, OC;

i - enthalpy cf steam, &cal/kg:

q - enthalpy ct liquid, kcal/kg;

X - coefficient cf the thersal conductivity cf wall,

kcal/m-hcur 0c;

* I
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s - wall thickness, a;

F - surface of heatir cz ccoling, m2;

k - coefficient of beat transfer, kcal/m2h oC;

At - average/mean 1o~axithic difference in the temperatures,

OC.

A quantity is steam, that is formed by the spontaneous

evaporaticn:

G--Wql- qwctl-t kg/b, (93)
• r

where W - amount of liquid, which enters ths apparatus, kg/h,

q, - enthalpy of the liyuid, which enters the apparatus,

kcal/kg;

q2 - enthalpy cf 1i4uid, which correspcnds to pressure of steam

in the housing of apparatus, kcal/Kg;

r - heat of vapczizatica, kcal/kg;

'Now
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c - heat capacity cz liuia with mean temperature, kcal/kg

oc-

tj - temperature ct uhe liquid, which erters the apparatus, OC;

t2 - temperature cf liquid, which corresponds to pressure of

steam in the housing Cf aFaratus, 0C.

Graph/curve for determining a quantity cf steam, generatrix by

spcntaneous evapcratior fzc. 1 33 of hot water (having saturation

temperature), in dependiny on icwering in the pressure above the

surface of evaporaticn, is giver in Fig. 30.

S.

j j
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Page 42.

The expenditure cf water tcr the vaporizer/evapcrator

sP-se Ly9/h. (94)

where D - productivity of va~orizer/evapcratcr, kg/b;

Sp - salinity of brine in the hcusing cf vapcrizer/evaporator, oB

(Brandt) ;

So - salinity of the water, which enters the iapcrizer/evaporator, OB.

The additional expenditure Cf feed water for

vaporizer/evaporator with the sufJiy by its tlcwcff water fret the

toiler:

w- D (S, - S,) - D,p-s.,) g / h (95)
sp -So
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wheri DS. S. - the same as in foraula (54)

S& - salinity of the distillate ci vaporizer/evaporator, °B;

D,,- quantity of blomof± tcilar water, kg/h;

S.p - salinity of blowoff zciler water, 0.

A quantity of circulating water in the circulation

vaporiz-rs/evaporators can be determined acccrding to the formula

W D, t,/ (96)4C -(t - 12)

where D - productivity cf vadcrizer/evapcratcr, tons/day;

[r - heat of vaporizaticn at the airopriate pressure in the

vaporizar/evapcrator, kcal/Kg;

c - heat capacity of the entering uater evarcrator, kcal/kg of OC;

tj - temperatures of the entrance cf water into the

vaporizer/evaporator fcm t e izebeater, oC;

t 2 - temperature of the cutiut ct trine frcm the

-no
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vaporizar/qvaporator, OC.

Consumption curves ci water icr the circulation

vaporizer/evaporator of dizferent Eroductivity in depending cn a

difference in the temperatuzes cf kater %ith the entrance into the

vaporizer/evaporator and the cutjut from it (for the operating

pressura in the vaporizer/evajoatcr p=0.3 ats(ats.)) are given in

Fig. 31.

From Fig. 31 it is evident that the consumption cf the

circulating water grcws/zises with a decrease cf a difference in the

temperatures and an incredse in tae productivity of

vaporizer/evaporator.

L
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4 (,)

Fig. 31. Curve-s of the dendence cf the consumption of water on the

productivity of circulaticn vapcrizer/evaporatcr and difference in

the temperatures of water with the entrance and the output from it.

Key: (1) . Quantity of circulaT.Irg of water t/b. (2) . productivity.

(3).o ton.s/day. (4). Cifterence ir temperatures.

Page 43.

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

W,- W-D==D S' XJ/, (97)

~4-3

. wetr.A W, D, Sp. So -thl? same as in formula IC14)

I

M OO-

JI 4
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Concentration of triae in the housing cf the

vaporizer/evaporator:

S=WSS- S, 0  
(98)SP Wp

where W, So, D - the saxe d in rcrmula (94) :

S.- salinity of tha distiilate cc vaporizer/evaporator, 0B;

0p- quantity of air-blast ziane fzcm vaforizer/evaporator, kg/h.

The time, which ccrresicnds tc the achievement of the

concentration of brine acceptad in the hcusinc cf the

vaporizer/evaporator:

t S=.- P ,- hcur, (99)

where S., S9 - the same as in fcciula (94))

V, - volume, occupied ty water in the housing of vaporizer/evaporator

to the datum level, the i0;

V1 - volume of the water, wnicn evaporates during one hour, M3/h.

j.
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The curves of the ccetficient of the purging of

vaporiz.r/evaporator in epvdiny on the salirity of feed marine

wat,= and brine in the hcusing ct vapcrizer/ea~cratcr are

represented in Fig. 32.

<1
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Fi. 2 Coefiin of4 '*pr yofvprzrevprtri

Keg: (1). Coefficient of te pusing of vaprizer/evaporator (2)

* Coefficie-nt of Purging. (J) . Salinity of seawater, OB. (4) . Salinity

cf brinq, 0B. (5) . Salinity of watar So, OB

Page,: 44.

The quantity of oxygen, introduced by the deaerated. water into

the dea-4rator:

O.=a.WI0-3 k~b (100)

whe~rq an content of dissolvea oxygen in the water, deteruired cn

thse curvg of Fig. 33, in depending on the tamrarature of water at the
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barometric air pressure 7o0 sm Hg, saturated by water vapor, the

mqt,2:

W - 4uantity of deaeratEd water, t/h.

After the admissict intc the deaerator cf the mixture, which

consists of tho condensate cr different ccndensates and additions of

feed water, quantity of cxygen, introduced ty water mixture, it is

q.termined frcm the foraula

O.=(a, Ww'+a;Ww +...)1O-3 Kg/h, (101)

where a'.a; - content of dissclved oxygen in the water, determined on

Fig. 33 for each comiorert, mgy4;

', W" - a quantity of deaerated water, t/h.

Ths quantity of dissolved jases of air, introduced by the

deaerated water into tle deaezatcr:

0, - a, WIO- 3 KS/h, (102)

where ar - content of the dissolved gases of air in the water,113torminced on the curve c¢ fig. J3 in dependirg cn the temperature cf

A
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water at the barometric air Fressure 760 mm Hg, saturated by water

vapcr, mg/%;

W - quantity of deaerated watc, t/h.

.1
*'

'3
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I~~~~~ T II , 
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I

Fig. 33. Oxygen content and air in the water at a barometric pressure

760 mm Hg in depending cr the temperature of water.

Key: (1). the content of gases, mg/T. (2). Air. (3). Oxygen.

Page 45.

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

analogously with a quantity cr cxy en [see fcrfrula (101) ].

A quantity of vapcr (steam-gas mixture), driven cut from the

deaerator, if we disregard/neglecz an insignificant residual/remanent

quantity of dissolved cases in the deaerated water, is found ty the

formula

, u. (1 +o,622 9) k S h (103)

iP
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where Pn - partial pressure ci the vapor [see fcrmula (8) ] in the

deaprator, atm(abs.) :

P"- partial gas pressure above the surface cf water in the

deaerator, determined according to the fcrmula

protor a:u(abs.), (104)

where a.. a, - contents of dissclvea oxygen and dissclved gases of air

in the water the mg/% [see formulas (100)oA1C) ];

P.- partial oxygen pressure abcve the surface cf water in the

deaerator, determined acccrding tc the fcrmula

=P_E ars (abs.) (105)

po - physical atmosphere, equal to 1.033 atm(abs.);

a - calculated (final) cxyyen content in the deaerated water, the

mg/2; for the shipboard deaeratcrs usually is accepted O--O,03

rag/z;

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

nocesary for guaranteeinj the irescribed/assigned (final) oxygen

i'
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content in the deaerated water;

a0 - constant of the weight sclubi.lity of oxygen cr solubility of

cxygen in the water at its iressure atove the water 760 uam Hg, 2g9/t;

it is dqtermined on the curve at fig. 34 in depending on temperature.

Values a., a,,, a. p3. and p,, enzering f crmules (103) - (105),

indapendent of pressure in the deaerator, they are accepted cr are

calculated at a pressure of tke Faysical atmosphere how is achieved

the ret'intion/prgservaticn/maintaining ccnstart value Pr due to an

increasq in value p., i.e. due tc tne increase in the vapor, which

* ensures intensity and figh guality of deaeraticn.

From formula (103) it Zcillcws that independant of pressure in

the deaerator a quantity cf 'Jajcr always must be connected with the

partial pressurq of nor-ccndensatle gases Pr, and consequently, with

their consumption.

Page 46.

By a small change ir the values of gas ccnstants of the vapor

and of the non-ccndensatle gases, enterirg fcrmula (103) in the form

of the permanent relation, equal tc 0.622, with a change of the

<*1]pressure in th3 deagratcr it as pcssitle to disregard.
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A quantity is of vaicr taat ccntains in the vapor:

Gn.Gc..-r kb/h. (106)

The qffect of the value ci vapor on the depth cf the

deoxygenation of water is sncun in Fig. 35, and 36 are given the

curves, which show the oxygen ccntent in the water in depending on

its unda.rheating to the toiling jcint.

*1
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Fig. 34. Waight solubility cf oxygan in deperding on temperature at

its pressure above the uater, equal to 760 mm Hg.

Key: (1). mg/l.

1 0 ( 1 0

.00 i -o,4

~G1R'42

(2J0- rt - e klw-
%Wa 1u'~ ZZ9' 4 0 500 80 V00 IX tIC

Fig. 35. Fig. 36.

Effect of the value of vapor cn the depth of the decxygenaticn of

water.

Key: (1). mg/*. (2). Relative value of evapcraticn.

K%
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Fig. 36. Oxygen content in water in depending cn its underheating to

boiling point.

Key: (1). Oxygan content, Cm 3/2. 42). underbeating.

Page 47.

As can be seen from Fig. 35, the value of vapor with respect to

the consumption of heating steam icr obtaining qualitative deaerated

water, it composes altcSether cnly 1.5-2c/o. However, since they are

possible: 1) the disturiance/breakdown of the ccnformity of feed cf

vapor with the water suiply, wuban unavoidably with the manual

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 it; 2) the incidence/impingement of gases

into the deaerator nt cnl with t:e d:aerated water, but also

heating with those condensing by vapor even 3) gas permeatior into

the d-.aerator through te leakaaes/Icoseresses cf apparatuses and

conduits/manifolds, that icr guaranteeing the qualitative deaeration

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

the deaqrat-d water, whica ccmposes 3.5-5o/o cf the consumption of

heating steam.

Th4 axppniiture of working vapor for steam-air ejectcr can be

Ai
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determined according to cf the curves of Fig. 37, refined according

to the data of practice, in aepending on the degree of

rarefaction/evacuaticn in tne capacitor/conderser and on the

size/dimension of ejectcx.

Curve 1 gives relation G,:G. (flow rate of working vapcr in

kg/h to a ]tuantity of air, ariven cut frcm the capacitor/condenser in

kg/h) for one- and two-stage ejectcrs of small sizas/dimensicns with

tha consumption of workirt vaicz to 60 kg/h; curve 2 - for twc- and

thres-stage ejectors with the consumption of working vapor from 60 to

100 kg/h; curve 3 - for tae sane ejectors with the consumpticn of

working vapor from 100 tc 300 kgln and curve 4 - for the large

ejectcrs with the consuit-icn of working vapcr is more than _C0 kg/h.

The distributions of the tctal consumpticn of working vapor

according to the steps/stages is expedient tc determine of the

conditions of the identical initial vapor pressure cf working of each

step/stage, identical sinimum sections of nczzle, but taking Into

account the pressure in the chasber of mixing. In this case

tentatively it is possible to accept the consumption cf working vapcr

on thq steps/stages equal ones, since virtually, as a result cf

different prossures after tte nczzie, they will differ little.



The quantity of air enterinv, the Condenser:

1) for hiqh-nressure turbines

Govsu- + 1,36 k,,,/h (107)

2) for mediuyn-and low-pressure turbines

G. -1,5 (111+136) k -/h (108)

3) for niston enp'!nes

G.-2(G-+ 136) ko/h 1109)

.06O700 U 730 740 750
I, AmwcemeffJD lmm

Fig. 37. EXpanditure of working valor for steam-air ejector in

depending on rarefacticn#e-vacuaticu and quantity of air.

Kqy: (1). Rarefaction/pvacuaticr ma Hg. (2). ratio.



where , quantity cf ccniensed vapor in capacitor/condenser, kg/h.

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

load:

Cie (0,330, + 0,670,) (110)

wh,?r~-A quantity of ccnuensed vapor at ratsd icad cf

capacitor/condenser, kg/b;
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O.,- qaantity of conder.ged vapcr with this lcad of

capacitor/cond-4nser, kg/h.

Quantity of air-steam mixture, driven cut from the

capacitor/condenser:

G, .( + 0,622E-) K~,l S/

A quantity of vaper ztaz ccntains in the air-steam mixture:

G. Gem kg/h, (112)

+ - 1,61 __

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

kq/h;

Pe- partial air pressure, an Hg;

At- partial pressure cf vaicr, um Hg.

A quantity of air, wnich is ccntained in the air-steam mixture,

is determined frcm fcriula 1(e).
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A quantity of mcisture, wnicn evaporates during moistening of

the air:

W = G. (d.- d.) 10-3 ks/b, (113)

where 0, - quantity cf 3cisterec aar, kg/h;

d,, d,. - initial and final mcisture content of air, g/kg.

Quantity of emitted beat. During the calculaticn of the heat

lossss into the surrcunding siace cy the heated surfaces of

aDparatuses one should ccnsider bcth the heat loss by convection and

by emission.

Pago 49.

The first of these lcsses can be detersined according tc formula

(92), the second- according tc czmulas (114) cr (115).

The total quantity ci given uF by wall heat into the surrounding

space is determined by tte tux of these losses.

I
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A quantity of heat, am.tzed by hot body into the surrounding

space, calculated according tc the Stefan-Bcltzmann formula:

Qj 100 Ts4 cal/M2h (114)

or accordinq to tha formula

q, -a ( ,--to )kcai/m~h, 15

where Tr,-273,2+t, - absclute tejsaerature of the wall, heat-radiating,

OK;

T..,p273,2+t.,- absolute temperature of the surrcunding space, which

cbtains heat, OK;

C - radiation factor, defending on surface ccrdition, the kcal/m 2 h

(OK)4. (Values of value C they are given in Table 14):

- radiation coefficient trca the wall in the surrounding space

(see formula (160) ].

§9. Coefficionts of heat transier and hiat emissicn.

Th. heat transfer in the beat exchangers is conducted

*1
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simultaneously by the metacd of the thernal ccnductivity (transition

of energy within the bcdy ircs its one particle it is direct to

another) and by the metacd cf convection (transition of energy in the

form of heat together vita r-z siayle material particles, which

contain this heat).

The convective heat exchange can occur tcth with the free and

with the constrained mction of liquid. The ucticn of liquid, caused

cn a difference in the densities of the heated and cold particles, is

called free. Constrained moticn is created by the external exciting

forces - pumps, compresors, fars, agitators.

During the heat exchange distinguish the phenomena the heat

emissions and hqat transfer. Heat emissiCn is characterized by the

coefficient, which measuras a yudntity of heat which is transferred

from the heating body tc the wall cr from the wall to the heating

body. Heat transfer is characterized by the ccefficient, which

measures a quantity cf hea*t wtich is transferred from the heating

body to that heated. Thus, ccefficient of heat transfer or heat

emission is called the quantity ct heat, transferred by the unit of

surface for the time unit witn a difference ir the temperatures of

media in 10C.

Page 50.
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In the metric system the coefficients of heat transfer or heat

Pmissicn are measured ir tne xcal/m2 h 0C.

The equivalent therial units, mechanical and electrical energy

are expressed by the fcllcwing dejendences:

I cA=427X(51
It. =632,3 lcd.tpiac;

1 A= 860 KKXtiwac.

K-y: (1). kcal. (2) . kg.-u. (3) . hp. (4) . kcal/h. (5). kw.

The coefficient of heat transfer deFends or many factors. Thus,

for instance, in the capacitors/condensers it depends:

1) from the side ci waLer on the rate cf motion, temperature cf

water and degree of cortaminaticn cf the tubes;

2) from the side c± steas trcm the content of air in a steam,

steam load on the cooling surface, the fcrmaticn/educations cf water

film on tho tubes, the locatioa of the cooling tubes and depth of the

cooling team.

In depending on thEse factcr the coefficient of heat transfer

.'i
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can change ir rplaticn 1:J.

Similarity criteria.

For determining the coefficlauts of heat transfer is been

commonly used the law ct similitude, which ccnsists in the

combinaticn of theoretical and experimental methcds.

The application/appendix oi the law of similitude to the study

of heat transfer made it icssitle tc establish/install the dependence

between scme dimensionless quantities - similarity criteria. Mcst

commonly used are the fcllowing similarity criteria.

Reynolds number characterizes the relaticn cf the forces of

inertia and viscous forces in the iluid flow and is expressed by the

dependence

R v -T (116)
' Pg

Nusselt's critericn characterizes the irtensity cf heat exchange

for the boundary liquid - wall and is expressed by the dependence
adNu=-. (117)

Peclet's criterior cnaracterizo s heat fluxes during the

convective heat exchange and is exiressed by the dependence

Pe 360 30 c
Paga 5 1.
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Prandtl number characterizes the physical Froperties of liquid

and is expressed by the dEaEderce

Pre! 3600v'. 600"-9cP-= = (119t)

Grashof's criterion characterizes interaction of lifts and

viscous forces and is expressed by the dependence

Gr-= (120)

Here a - heat-transfer ccafticiert, kcalmah 0c;

d, 1.- linear dimension, diameter cf duct or length, m;

x - coefficient of thqrsal ccndLctlvity, kcal/m-hcur 0C;

v - rate of motion of liquid or gas, m/s;

- coefficient of dynaxic visccsity, kg*s/M2 ;

- kinematic viscosity coelficient, m 2/s;

c - heat capacity (at a ccnstant pressure), kcal/kgOC;

g - acceleration of gravity a/sa;

,I

N'!
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7 - specific gravity/weight. kg/aJ;

a=X/cy - coefficient of ttaimal diffusivity (characterizes the rate

cf t=-peratur - balance in the unevenly heated fluid flow or gas),

M2/h;

- coefficient of linear exdansicr of liquid or gas, 1/oC;

At - difference in the tempezatures, 0C.

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

heated through the wall.

1. Through singl.-layer tlat/plane wall

kZ=
S ! ccal/m2 h OC, (121)

where , - heat-transfer coefficient from heating medium to wall,
-h

kcal/M2 r oC;

s - wall thickness, m;

- coefficient of heat conductivity of material of wall, kcal/m-
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hour oC:

a- heat-transfer ccefficient fzcm wall tc heated medium, kcal/M2h

OC.

2. Through multilayer flar/lane wall

I St s2 s, al/mah. oc, (122)X, . + 4-

where - thickness cf wallc (layers), m;

)1-' - coefficient of tbraal conductivity cf material of walls

(lay-.rs), kcal/m- hour OC.

Pag. 52.

3. Through single-layez cylindrical wall

k' I Id caL/m2 h 0 C (123).I £ I ______

2-1 , + T + 
-7S , d+ 4

1 4. Through the multiJayer cylindrical wall



DOC = 80040203 FAGE

N( In A + In +, ;! & I)

*- -o 24 , T d i 2 . -d i -+ ... + , ini. 4

iccal/m 2 h Oc, (124)

where d - cylinder tore, m;

i, - outer diameters r cylinder and layers, m;

d.- outer diameter cf latrer/last n layer, x;

in - natural logarithm.

If the wall thickness of cplinder is insignificant in ccmparison

with th- inner diameter and the thickness of the layer

(insulation/isolation) and ccmpr ses less thar 1/20 diameters, then

* in this case ths coefficient of neat transfer can he calculated as

for the flat/plane wall.

5. Through finned wail:

1) for unit of smccth surface

k= Kcal/M 2 h oC; (125)
i " + T+ , -

/' ~ ~ 2F
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2) for unit of finned surface

= I F, cal/m2 h oc, (126)I F2t + s F.+ I
F1 F.f

where F, - ratio of s coth suriace to that finned;

F? - ratio of finned surface to smooth.

Fig. 38 depicts tte tinned wall with a thickness of s, the

coefficient of thermal ccnductivitj of which is equal to X. Cne side

of this wall with finneds cf the same material. From hair side the

surfacp is equal to F1,, waile with that finned - F2 ; the latter is

comprised from ths surfaca cf edges/fins and surface of wall itself

betwaen the edges/fins.

fI

A.
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Fig. 38. Coefficient of heat transfer through the tinned wall.

Page 53.

Particular coefficients ct hedz transfer.

The simplified determinaticn cf the coefficients of heat

transfer from the vapor to tte water for the capacitors/condensers

can be recommended accciainy to the follcwing approximaticn fcrmula

resulting data which arswer the character of the curves Fig. 39; this

formula gives, however, somewhat the higher values

k942V '+ 17,8 kcal/mah OC, (127)

wherq v - a rate of water in tubes, m/s;

t,,- mean temperature cf water, oC.
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The curves of thq ccefticient of heat transfer fcr the trass

tubes with a diauper ct 19 ma are given in Pig. 39. The values cf

coeffa.cient of k of heat transter are given saxiuum, attained in the

virtually pure/clean capacitcrs/ccndensers cf gcod

construction/design with certain supply.
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C.4.

X IA 11 1

tubes with a diameter cz 19 zz.

Key: (1). To (over the external surface) kcal/mz2h 0C. (2). Mean

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

Page 54.

For the tubes with a diameter of 16 mmt k it increases by 20/0.

For thc- tubqs with a diameerz ct 25 mm k it decreases by 30/c. For
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the German silver tubes k it descends to lOc/c and for the steel

!. tubes - by 17-20o/o.

These coefficients cf heat transfer are determined for the

capacitors/condensers, desaynea with at taking into account the

effect of steam resistarce.

For obtaining the average/aear value of coefficient cf k' the

obtained coefficient x n fcraula 1127) Cr in Fig. 39 should be

multiplied by 0.8-0.85 tc acccunt tor the effect of surface

contaminations and inccnstancl of other factors, noted on page 50.

The coefficient of haaz transter for the capacitors/condensers

according to the data ct VTI is determined by the formula

( lt' _ 0,42-/i

Kcal/m 2 h oc, (128)

where x-O,12a(I +O,15)t.;

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

cf +hq cooling:

v - ratq of water in tie tures, mis;
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d.- inner iiameter cf tuce, Lm;

t.- temperature of cocing dter in the caFacitcr/condenser, OC;

- factor, which consiaers the effect cf a number of courses of

watar in th. capacitcr/ccnaensez,

z - number of courses ct water in the caFacitcr/condensir;

- actor, which considers the effect cf the steam load of

capacitor/condenspr U [sea formula (161) ]: &=| for th. ncminal

steam load or changing witair the limits frcm U.. to Urp=ap (""O,

where ;,-,0.9-0,012t,; 40g--- (2-a) zcz U< Up, where a U
Urp

Thq coefficient of beat transfer for the capacitors/condensers

cf stam ?ngines:

A-- 0 ,8k Kcal/m 2 h OC,

where k - the coefficient of neat transfer, determined in formula

(127) or in of the curves or kig. 19;



.4DOC =30040203 EAGE

number 0.8 - th! coeficiant, which considers the presence in

capacitor/condense: of cil, introduced with the vapcr in the dustlike

statq.

Paqe 55.

The coefficient of beat transfer fot the vaporizers/evaporators

and the distillers (from tne vapor to the boiling brine of marine

water) is determined on of the curves of Fig. 40 in depending on the

temperature of primary (beating) and seccndaxy steam.

During the practical calculaticns of vapcrizers/evaporators

should be considered the degree or surface contamination of heat

exchange, the effect of air ard the nonurifcruity of the distribution

of heat-transfer agent, bich make the ccefficient worse of heat

transfer against that theoretically calculated. This effect is

considered by the correcticn factor 0, which is introduced in the

form of factor to the ccefticiect cf heat transfer, found in of the

curves of Fig. 40. The value ci correcticn factor a is accepted

within the limits frcm 0.8 to G.9 in depending cn the salinity of

marine water ani brine in tne hcusing of vapcrizer/evaporator. The

larger salinity of water and trine answers the smaller value cf

coefficient and vice v sa.

I$
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The coefficient of beat tzansier frcm the vapor to the petrcleum

residue depending on the raze atd zean temperature of petroleum

residue is dqt,:min .d cn tne yraFn/curve Fig. 41.

The curves of grapn/curve are constructed according to the data

cf tests for the course ci the aamiralty fuel cil M12 in the steel

tubes with a diameter ci 17/13 vB.

.1
Ai
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15 - 3l0 r

Fig. 40. Coefficient of hadt transier for the vaporizers/evaporators

in lepending on a difference in the temperatures (between the

tsmperature of the saturation ct primary and secondary steam) and the

* temperature of the evapcraticn cf water.

K!ey: (1). Vaporizaticn temai.eratuze. (2). To kcal/m 2h 0C.

Page 56.

The copffi-ciqnt of haar transler frcm the vapor to petrcleuu

rssilue Mi 20 and MI 40 can be kith sufficient preciSioD/accuracy

determined by the depenaence:

lg.=I~k xcdl/32h OC, (129)
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whPre ' - thi correcticn factor, which considers a change in the

brand of petroleum residue and taxen: z,=0,93 - for petroleum residue

M 20, zj 0,87 - for petrcieum residue M 40;

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

M 12, dqtermined in the graph/ccrve Fig. 41.

Thi coefficient of hat transzer frcm the vapor to the petroleum

residue, which takes place in tke tubes with established/installed in

them retarders, can he determined the dependence

=--k. Kcai/m2 h °C, (130)

where t. - correction ccelilciert, which considers the effect of

rqtarders in depending cr rate and mean temperature of petroleum

residue, determined in the grait/curve ?ig. 42;

ko- coefficient of heat transfer from the va~cr to the petrcleum

residue of this brand, determined cn formula (129) and graph/curve of

Fig. 41.

As retarders wqre applied the flat/plane steel strips with a

thickness of ' mm and the zpirals, convoluted from the same hands
I

~with differqnt space of twistirS.
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Tests showed that %ltn viscous moticn of petroleum residue in

the tub4, which usually cccurs in the fuel heaters, the decrease Cf

the space (from 300 to 5C as) ox siral retarders or the replacement

by their flat/plane ones does nct exert a substantial influence on an

incriasq in the coefficient of heat transfer.

The coefficient of beat transfer frcm the vapor to oil in

depending on rate and mean tea erature of oil is determined on the

graph/curve Fig. 43.

A
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t o o 00,4 , <

Fig. 41. Coefficient of heat rranster frcm the vapor to the petroleum

residue in depending or its rate ard mean ten~erature.

Key: (1). To the kcal/mUb 0C. (i). Mean temperature. (3). m/s.

i'1
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Page 57.

175

125-

tcp 'C

Fig. 42. Correction factcr, which considers effect of retarders

establish-id/instal1ed in tubes.

Key: (1) . MIS.
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Miq 000. Coffcin ofha 'as0 -c ac t i n eed

Fig Th. Curvesin+. o f h~ce t const, ructedm vacc rodin toteedata

of tests for the course cf cils cz brands T ard UT in the copper

tubes with a diameter cf 10/8 asn.
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Tentative limits cf the values of the ccefficients of heat

transfer k (kcal/m2 h °C) in tte shipboard heat exchangers:

frcm one gas to the next .. 5-4

from the gas to the water ... 50-1LO

from one water to the next ... 1OCC-2000

from the condensable vancr to the water ... 25O0C-3500

frcm thq condensable vancr tc the air ... 80-140

from the condensable vajcr to oil ... 1OC-350

frcm the condensable vaFcz to the jetroleum residue .°° 100-400.

General/common/total heat-rransfer coefficients.

Heat-transfer coefficient during the free convection (free

motiin) of liquid, gas Ivapcr) in the large vclume is determined frcm

the formula of M. A. Mlkheev

2IC7L (GrPr)" Kcai/m 2 h oC, (131)

Ld
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where X - coefficient ci the tbernal conductivity of medium,

kcal/m-hour OC;

- det.rmining size/dizens.cn (diameter), a;

Gr - Grashof's critaricn;

Pr - Prandtl number;

c, n - coefficients.

The values of coefficients ct c and n are givan in Table 5.

Formula (131) is a }iied tor any drcp cnes and gaseous liquids,

for the vprtical and hcrizontal ducts (wires), the bcrizontal

plates/slabs and the spheres cz any size/dimersicn. In this case, if

the exothermal surface cf plate/slab is turned upwards, then the

obtained from formula 131) value cf coefficient increases by 30o/c,

tut if the exothernal suiface is turned downbard, then value

dqcreases by 30o/o.

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

fo r the plates/slabs - s aller side of plate/slab.

IIlBA
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Tabla 5. Valugs of coefficients of c and n.

Pem.., 1811weKH (GrPr) i

J1a'.iapx,-A N. I. 0- 1 5.(P I,180 I8
Ulepexo.1i-, (3) 5. I02 - 2. 107 0,546 114
Typ. er :i ( )10 -I 10.10 0.135 113

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

Turbulent.

Page 59.

As the dstsrmining temperature is accepted mean temperature of

boundary layer, determined acccxdirg to formula (16).

The coefficient of beat transfer with fcrcfd viscous motion cf

liquid, gas (vapor) in the ouct is detervinsd frcm the formula of I.

T. Alad'yev

a-0,74 -Rek 2(Orr)-'Pr0 icai/m2 h oC, (132)

where X - coefficient ct the thermal conductivity of medium,

kcal/m-hour 0 C;

- diampter of duct, w;

. ..-i '
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Re - Reynolds number;

Pr - Prandtl number;

Gr - Grashof's critericn.

Formula (132) is applied fcr the horizcntal and stand pipes, and

alsc for ducts and CharEls of any secticn: in this case instead of

the diamceter of ducts is substituted the equivalent diameter cf

section.

In the vertical pcsit-.cn or ducts and with the coincidence of

the directions of the free dnd ccnstrained mcticn the coefficient of

th-i heat emission in 15c/o than lowsr calculated according tc formula

(132), while in opposite direction - in 15o/c is above.

As the determining size/diaension is accepted the diameter of

duct or the equivalant diametdr of secticn, wbile for the determining

temperature - temperatute ct tcundary layer.

If the length of duct '2<50 d, then ths cttainad value according

to the formula must he muitijlied ty correcticn factor ~;(Table 6).
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Heat-transfer ccefficiedn witb the forced turbulent moticn of

liquid, gas (vapor) in tha duct, and also with the longitudinal

washing of the bank cf tunes is determined frcm the formula

a,=O,023-Re0ePrOA cal/m2 h 0 c, (133)

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

Formula (133) is applied rc cne drop and elastic liquids for

ducts and channels of ary secticn, and also fcr the longitudinal

external washing of the tanKs ct tubes with RE>1.10 4 and Pr=0.7-2500,

also, at temperature of tae wall lcwer than hciling point of liquid,

and also for the superleated steas by pressure tc 100 atm(abs.) with

Re<29106.
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Tablq 6. Values of ccefiicients

Id 1 21 to is 1 20 30140 5

1.9 1,7 1.44 1.28 1,18 1,~13 1 ,05 1.02 1.0

Page 60.

As the detarmining size/dizeasion is accepted the equivalent

diameter of duct and fcz the detersining teuFerature - mean

arithmetic temperature cf ilquid.

With <50 the oktained value for a must he multiplied by
d

correcticn factor -, (Tat1e 7).

Formula (133) is valid alsc for ring crcss-secticn dl/d=O. 1-1.0

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

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

internal siirfac: the fcrmuia takes the fcrm

0,023 (,  ,o.Res O.:4 rcal/mZh oc, (134)

where d, - an outside daametez ct core tube;

I

a
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- inner diameter of tcdy tutE.

Heat-transfer ccefficienz during the trarsient mode/conditions.

Motion is unstable. Reyrclds number is within the limits of He frcm

2200 to 10000.

In this case of fczsuia 4i-2) and (133) the beat emissicns for

the laminar and turbulert mcda/conditions are nct applied, but their

extrapolation is not admitted.

.1:



DOC 80040203 PAGE 5

Tablq 7. Values of coqfficiants z

Re 1 2 5 10 1 s5 20 30 40 5o

1.106 1.65 1,50 1,34 1,28 1,17 1.13 1,07 1.03 1.0

2.10' 1.51 1.40 1,27 1,18 1.13 1,10 1.05 1.02 1,0

.5.120 1.34 1.27 1.18 1,13 1,10 1,08 1.04 1.02 1,0

1.106 1.28 1,22 1.15 2.20 1,08 1,06 1,03 1.02 1.0
1.10 0 1,14 1 . 1 1 .08 1 .05 1,04 1,03 1,02 1 ,01 1 .0

Page 61.

For determining the neat-transfer ccefficient during the

transient mode/conditicrs it shculd be used the following deFendence:

d

wherg Nu - Nusselt's critericn, determined in depending on criteria

Re, Pr and products Grpr 3 on the graph/curve Fig. 44 or according to

formula (136) ;

x - coefficient of the thermal conductivity cf medium at mean

temperature, kcal/m-bour °C;

- diameter of duct, a.
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K---

44

2 455 0'Z52

Fi.L4 rp/uveo0et-iso drn h rnin

*ode/cnito ns7

Figpp. riatevale ofcea Nuawtso duitrin~ o the transient

* mode/conaditions through the gralb/curva. Fig. 44 is located in a
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following manner:

I) cn the ordinate at value Rep=|YO is Elctted/deposited the

value of Prandtl number Er, calculated at mear temperature of medium

(pcint A);

2) on the ordinate at value Rc.,=2200 is Flctted/deposited the

value cf the product of criteria Gr Pr3 , calculated at mean

te-mparaturq of boundary layer tqcint B);

3) points A and B are ccnnected by the straight line AB;

4) on the axis/axle cf abscissas is plctted/deposited the value

cf criterion Re for the transient mode/ccnditicns (pcint C), and frcm

Fint C is set up ordinata nefore the intersection with the straight

line AB (point D);

5) by the value of crdinaze CC is determined the unknown value

* cf Russqlt's critsricn Hu during transiticn mcde/conditions.

Approximatf value cf Nussalrts critericn Nu during the transient

mode/conditions can be also determined according to the formula

Nu - (Nu, - Nu.) Re-22 + Nu,. (136)78W u. 16

where Nu, - Nusselt's criterica, calculated fcr ReK,=-I0' according to

q ~ -



DOC = 004L0203 A G E

fcrmula (133);

Nu. - N ussalt's criter-icn, calculated for Re~p=22OO according to

formula (132) . ,.

The coefficient of beat transfer during the transverse flow

arcund iuct by liquid and kjas (vajicr) is determined from the formulas

of V. I. Gomelauri:

for the liquids

aC RenPrO.4 KCai.,u2 h OC. (137)

For the gas-es

(18ct=c-WRe4 Kca1/m2h ace 18

where c and n -the coefficients, which depend cc the value cf

critgrion Re (Table 8).
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Table 8. Value of coefficients cr c and n.

Kp.rCpuA_ 0.u~eHT C Ko4[ITeCT e
PeAHoAbAca Re AAR *H(AKOCTrI AfR ra3a (napa)

5-S0 0,930 0.810 0.40

80+5000 0,715 0,625 0.46
SI5000- 0r000 02 0,197 0.60

Key: (1). Reynolds numhEx. (2). Ccefficient c for liquid. (3).

Coefficient c for gas (vapor).

Page 63.

Femaining designaticas the same as in the preceding/previous

fcrmulas.

Formulas (137) and 1138) are applied fcr the drcp ones and the

the elastic liquids with the basaing of single ducts.

As the detarmining size/diuension is accepted the diameter of

streamline tube, while fcr the determining temperature - mean

temperature of liquid.

Thq rate of flow is detezined in the narrowest section cf

channel.

"I
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Heat-transfer ccefficient during the transverse flcw arcund the

bank of tubes of gas (air) is determined on S. V. Litvinov's formula:

C Co Re , Kcal/m2 h 0 c, (139)

where the values cf coefficients cf c, * and n depend on the

schematic cf run of piFes in the team, a number of series/rcws and

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

Tha values of coefficients ot c, e and n are given in Table 9;

ramaining designations the same as in the preceding/previous

formulas.

The schematics cf run cf pipes in the teams are given in Fig.

45.

Formula (139) is aplied for the air and the flue gases.

The rate of flow relates tc the narrowest section in the beam

(series/row).

A\
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Table 9. Value of coefficients cf c, a and n.

Pacnoao.celme Tpy6

Pajud (4) C fnpuueqaHhe
P01HAPHe uamioe

n n I a I

1 0,60 0,150 0,60 0,150 s1  (,) s•
I + 0.1DnI jr.4.

2 0,65 0,138 0,60 0,200 dflp. 1..2-3

3 0,65 0,138 0,60 0,2.55 S,3 )1.3 =pm 3 -5
4 T. A. 0,65 10,138 0.60 0,255 3+

Key: (1). Series/rows. (2). Bun cf pipes. (3). Corridor. (4).

Checkered. (5). Note. 16). iith.

Ao
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Page 64.

As the determining s-ize/diaeusion is accepted the diameter of

iuct, while for the determining temperature - mean temperature of

flow.

Tha heat-transfer cceiiicient with the cross flow of air,

calculated according tc formula (139), is valid only for the cases

when angle +, comprised oy direction of flow and by axis/axle of

duct, called angle of attack, is equal to 900. At angle °'. different

from 900, the value cf heat-transter coefficient, fcund from formula

(139), should bq multiplied by coefficient - obtained from the

graph/curve Fig. 46.

Heat-transfer coefficient in tent tube is determined frcm the

formula, derived on the kasis ol axperimental data:

a (I + 1177->KCA2.c, (140)
Keyr: (1). kcal/22h.

where a - heat-transfer coefficient for straight/direct ducts,

kcal/mZh ,.0 oC:

i1
'A
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d -diameter of dvct, am;

R -radius cf curvature of duct, urm.

Heat-transfar coefficient in bent tube cther conditions being

* equal wili be more than in tba straight line. This increase cccurs

due to the disturbance-bzeakdcwn of the laminarity of the flcw in the

rotation, which creates the ccaditiacns cf mcre intense heat exchange.

with au increase in thf radius ci curvature cf duct the coefficient

of beat transfer decreases.

2. 1III
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- -0 - - -

L_4 ----

Fig. 45. Schematics cf run of ki in the beams: a) corridor; b)

checkered.

Fig. 46. Dependenca of neat emission of duct cn angle of attack 1.

Page 65.

Particular heat-transfez coetficients.

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

which takes place in tute or channel of any section with laminar

flow, a is determined fica tczrcla (132) ;

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

flow,
A Oar- a ,€ l.*-.v" *C.(z )

flw.sAvuUC-4- (141)

Key: (1). kcal/mzh.

... 1
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w hqre A-(1190 + 21,5 tp -0,015 P);

v - speed of water, m/s;

d - diameter of tute, a;

mean temperature cf water, 0C.

Values A, v", -" are given in Tatles 10, 11 and 12.

----------------------------------------------- >
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table 10. Values X.

A 10 100 62 0 4 6
A 1190 1400,5 1602.0 1795,5 1978,0 2152.5 2318.0

A 2474,5 2622.0 2765.5 2890.0 3122,0 3318,0

Table 11. Values vO s .

'W vo'sj t'  U9.8 I v vo- v vo- u' ", v, U I voA

0,1 0,158 0,5 0,5174 0,9 0,916 1,3 1,23 1,7 1,53 2,5 2,08
0,2 0,27.5 0,6 0,665 1,0 1,000 1,4 1,31 1,8 1.60 13,0 2.41
0,3 0,382 0,7 0.7 2 1.1 1,080 1,5 1.35 1,9 1,67 .,5 2,72
0,4 0.480 0.8 0,837j 1.2 1,160 1.6 1.46 2.0 1,74 4.0 3.03

Table 12. Values d-% 2 .

d d-02- d d2d-2

b.010 2.5 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 ,. 2,23 0,028 2,04 0,050 1,82 0.100 1.52

Page 66.

Fig. 47 givas the ncmogram rcr determining the heat-transfer

coefficient for the water, calculated accordirg tc fcrmula (141).

*1
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Nomogram makes it possiLle tc determine heat-transfer coefficient for

diffsrent mpan temperaturas at water and dtfferent diameters Cf tubes

in t-he lependence on the sz.eed cz kater in the tubes. The

determiaation of heat-tran~sfer ccefficient in the ncmogram is shown

by tho arrows/pointsrs;

3) for the water, whi~ch flows around about the tubes during the

free convection (free ffcticn), at are determined from formula (131);

4) for the water, which flows around about the tubes at low

speeds,

005- d Re06Pr3 Ka dtI1-ac TC; (142)

Key: (1). kcal/a 2 h.

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

cr ite ria.
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CLf0 xw9?ocvC
1761 f3,0 Q f f i 0 9 0 150 0 f

4? Z0 0,.5 a80 t2 (.4 f,q 20 4.1 2 45 3,0 .2 3t4

Fig. 4~7. Nomogram for detexisining the heat-transfer coefficient from

th- vail to the water and trcs the water to tke wall.

Key: (1) . kcal/m2 h. (2) . m,"s.

Page 67.

5) for the- water duringy tne transvsrse flcw arcund tube a it is
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determined from formula 1137) ;

6) for the water, bhicn f1cws around abcut the tubes lengthwise

with the turbulent mcticr, a. 1 determined frcu fcrrula (133) ;

7) for the boiling water

22p~ *AB g 4),.0-tac C, (143)

Key: (1). kcal/m2 h.

whprs p- pressure in ccrita.Lner, atm(abs.)

At- difference ir the temferatures between the surface of wall

and the boiling water, oC.

Fig. 48 gives the curve of beat-transfer ccefficient a for the

boiling water in the dependence ca a difference in temperatures

t,-t, (between the wall and the water) at the atmospheric pressure

of the boiling liquid. Curve ccnsists of two sections, which are

sharsd with the point c± the critical temperature bead (by difference

in the temperatures), equal tc arcut 250 C).

4

"1
A
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x

I tIt
" - -x- -- t-

onll a ifrneiih e~rtrsbtentewl n h oln

?I -I - -,/-

ht t'lj~

water.

Key: (1) . kcal/m~h.

Page 68.

The solid line of curve is iccated in litits cf 5-25 0 C of the

tsemperature head; it is calculatea according tc formula (143) for the

atmospheric pressure.

.1
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Laws governing the hiat-transfer coefficint, Iccated in other

limits of the temperature aead, are different, An increase in the

temperature head higher than critical leads tc a sharp reduction in

the heat-transfar coefficient tcr the boiling water.

Heat-transfer coefticient a for the oil-Frcducts: 1) for the

cil-oroiucts, oetroleur residue and oil, whic: take place in the

tubes with viscous mcticn,

Key: (1). kcal/m
2 h.

where X - coefficient cf the theraal conductivity of oil-product,

kcal/m . h.;

d - diameter of tube, z;

- length of tube, a;

Pe - Peclet's critericn.

The motion of oil-products usually cccurs with laminar flow;

21

2) for oil, which zlows dround about the tubes across,

Ii
£-550 V -(I + 0,006t,,) KJA1)M'-'4ac 'C, (145)

d.
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Key: (1). kcal/m2 h.

where v - speed of oil, &/s;

t - space of tubes, mm;

d*- outside diameter cf tubes, I:;

- mean temperature ct cli, 0C.

Fig. 49 gives curves of bhat-zransfer ccefficients for the oil

" ccc!Rrs, calculated acccrding tc tormula (145) in the dependence on

the speed and mean temperatura oils also of the space of tubes. With

the space of tubes 21 ma the neat-transfer coefficient increases by

9c/o, while with the srace 2C aa - to 22c/o;

3) for the oil-prcducts, rreheated in the cistern by coils (heat

emissicn with the free acticn),

-1,57 -- -.- KaAI/-1,tac OC; (146)

Key: (1). kcal/muh.

. 4) for the oil-Ercat;cts, bbich take place along stand pipe,

6KKaA/1M'.'ac OC; (147)
Key: (1) . kcal/m2 h.

4

'A
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Page 69.

5) for the oil-prcducts,, which take place along horizontal duct,

4 (1C. Ct"Ia- t .xaA -. ac °C, (148)=1- 1 91 Y r d,

Key: (1) . the kcal/m2h.

where t, - temperature cf wall, determined according to formula

19) , °C;

t - temperature of cil-Frcducts, °C;

v - kinematic viscosity coefficient, m2 /s;

- outside diameter cf coil, a.

Heat-transfer coefficient zcr the ccndensing water vapor: 1) for

the vertical wall or the stand jipe

2, A } It-t KxA"JAE'-Iac O*C, (149)
Key: (1). kcal/m2 h.

where A-.0,943 f-2 dejends or temperature 4.), of determined

according to formula (1f) or (1Z);

4'b
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r - heat of vaporizatiocn, Ica.L/kg;

H - height of wall cr aucto a;

t,temperature of the conden ,able vapcr, 0C.
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U7

P N/Cl {Sa

Fig. 49. Heat-transfer cceffcient for the cii coolers in depending

cn speed and mean temperature of cii, which takes place between the

tubes vith a diameter ct 16 urn and wiith space 22 am.

K:ey: (1). kcal/Iuah. (2). dean temperature cf cil. (3). m/s.

Page 70.

ter- temperaturg of wall, dezezained accordirg to formulas

(17)- (19), * C;

-the specific cravity/beignt of condensate, kg/rn3;

x coefficient of thersal ccnductivity, kcal/m-S 'tj
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- viscosity of ccndensate, kg-s/M 2 .

Values A are given in at-e 13;

2) for the inclined wall
Oro =,. Ic-a,,, A,,-,,ac 0C, (150)

RKy: (1). kcal/M2 h.

where =. - heat-transfer ccefficient frcm the condensable vapor to

the vertical wall or ttute, the kcal/M2 - h t;

- angle of the s1cpe cf wall tc the hcrizontal plane;

3) for the horizortal duct

i ~~~ ~2 0, 7 7A dK(I--to) / 2'l'lst a 51

* 1Zey: (1). kcal/mZh.

* wher 4, - outside diameter cf duct, m;

h, r, t, and t, - the same as in formula (149);

4) for the beam of tne hcrizcntal ducts (arranged/located by one
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under another so that the ccnoensate of upper duct it flows cn lower)

= ;. g .a-v:ac OC, (152)

Key: (1). kcal/m.2 h.

where 2. - heat-transfei coefticient for the upper duct;

n - number of ducts, arranged/located cn the vertical line under

each cthpr.

Fig. 50 gives the ncmogzaa for determining the heat-transfer

coefficient from tha condensable vapor tc the wll for the vertical

. and hcrizontal location cf walls, calculated according to formulas

(149) and (151).

. a

1]
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Table 13. Values A.

4VI A I rpt A[I4p I A 49 1 A I tr, A I r. A Ijt.pj A
0 1147 .30 1495 60 1795 90 2075 120 2330 150 2570 180 2775

10 1270 40 1600 70 1890 100 2160 130 2415 160 2640 190 2835
20 1387 .0 1700 1 O 1985 110 2245 140 2495 170 2710 200 2890

Page 71.

On the nomogram the value a is determined in depending on the product

cf th. height/altitude cf wall cr team of tutes to a difference in

tho. temperatures of the ccndensazie vapor and wall and on the

temperature of boundary layer t4, cf determined acccrding to formula

(16) or (21);

5) for the condensatle vancr within the bcrizontal ducts and the

coils
ci, (3400 + I00o)/KJ7'xt-vac C,

Key: (1). kcal/m2 h.

where vo - speed of steas with entrance intc the duct, m/s;

Z- length of duct cr ccil, m;
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6) for the condensakte vapcr within the stand pipes a are

determined from formula (149).

Heat-transfer coefticient for the condensable moving/driving

vapor, which contains air, is uetermined frc empirical formula VTI
A 0)r" ''

=K=aAAo. (a / O= C, (153)

K*y: (1). kcal/m2 -h.

where vi - the mass flow rate cf air-steam mixture in the wide

section of channel, kg/las.

.1
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Page 72.

A, n - values, which dej.etd on the content cf air in vapora=2-

and the tempsaraturs cf aixture t,., to equal temperature of steam t/7-'

deteri ed on the curves c tin t he h/curve Fig. 51 and 52;

A t -the tmperatu iea (ditference in the temperaturs of
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mixture and th) walls cf duct), OC.

Formula (153) is cttained according to experimental data for the

horizontal beam cf the trass aucts with a cutside diameter of 19 am

and by space between then cf 48 su at t,=30--80"C;At=3-+-15C;

,=0,1--3,0 kg/m 2s and =0--0,3 kg/kg.

Heat-transfqr coefficient for the overheated (not condensing)

vapor is determined frcm formula (133).

It is necessary tc keep in mind that, if the temperature of the

wall lower than temperature of saturaticr, thin the ccndensation of

the superhoated stgam flcws/cccurs/lasts then good as saturated.

Therefore heat-transfer ccetticient for the superheated steam is

defined:

1) according to forauia (149)as for the condensable vapor, if

the temperature of the wal± lcwer than temperature of saturation of

steam;

2) according to fczxuia 1ijJ)as for the cverheated (not

condensing) steam (or cases), at the temFerature cf the wall higher

than tempfiraturp of satutation.

I I
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During the datgruinazicn oi beat-transfer coefficient fcr the

condqnsing superheated steam saiould be allowed its temperature of

satuiration at the apprciriate pressure, but nct the temperature of

cverheating.
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Fig. 51. Value of value A in arinding on the content of air in steam

and the temperature cf air-steam aixture.

Key: (1). kg/kg.

Page 73.

Heat-transfer coefzicienr ior any gas and air: 1) for the gas

and the air, which takes place in auct or channel of any section with

viscous motion, heat-transter cceilicient is determined from formula

(132) ;

2) for the gas and the air, which takes Ilace in the duct or

which flows around about the it lengthwise during turbulent ucticn,

heat-transfer coefficient is adterained frcm forrula (133);
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3) for the gas and the air with the transverse of the flcw

* around the bank cf tubes neat-transfer ccefficient is determined frcm

fcrmula (139) ;

4) for the air (free convecticn cr at the speed of uoticfl is not

more than 0.5 m/s) with tna vertical run of the flat/plane or

cylindrical walls L,
22,2 VCt ic Ka~jZJ.Meac OC; (154)

Key: (1) . kcal/m~eh 0 C.

5) for the air during the hcrazontal iccation of the flat/plane

wall, turned by the heat-transmitting surface upward (conditicn for

air circulation as for tha tcrmula (154) ]
4

a 2,8 Vt, xKJ 2 M'-'iac OC; (155)

Kqy: (1). cal/m 2 sh0 C.

I1



DOC 8 0040204 FAGE
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Fig. 52. Value of value n in depending on the content of air steam

and the tempprature cf air-steam mixture.

Key: (1) . kg/kg.

Page 74.

6) for the air during the hcrizontal iccation of the flat/plane

wall, turned by thp hoat-transmitting surface dcwn [conditicr for air

circulaticn as for the formula (154)]1

4 _ _

1, ,13VYt- KlaAiM-'tac OC; (156)
Key: (1) . kcal/nizeh0 C.

7) for th,4 air duriry the hcrizontal iccation of the cylindrical
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walls [condition for aiL circulaticn as for the formula (154)]

102 t T a KxaA/lg-wc 0C, (157)

Key: (1) . kcal/m2 hOC.

wher t,, - temperature cr #all, oC;

- temperature of surrcunding air, °C;

d- outside diameter ct duct, m;

8) for the environment (aiL) trom the surface of the walls of

apparatuses and pipes in the clcsao location at temperature cf

heat-transfer agent frca 0 zc 150 0C

Z 8,4 + 0.06(4,- t.) KaAbg - tac OC. (158)

Key: (1). kcal/mu2 h0 C.

In this formula is considered the ccnvecticn and emissicn with

4.6 kcal/m2oh (OK) 4.

Heat-transfer coefficient fcr the humid air

a',= ta, KK'LO-sea °C. (159)

Key: (1) . kcal/m2 -h 0 C.

wher e, - heat-transfer coetzicient fcr te dry air, kcal/meh°C:
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- coefficient of moisture removal, determined in the fcraula

d10- 3 r-,,
t'p - toT CS

where 4 - a moisture ccntent cf air, g/kq;

tcp - mean temperature c± air, OC;

- tamperature of the surface ci wall, oC;

r- heat of vaporization with top, kcal/kg;

- enthalpy of moisture Cn the surface of wall, kcal/kg;

Co- average/mean heat capacity of the air, kcal/kgOC.

Tentative limits cf the values of heat-transfer coefficients a

in kcal/M 2*hoC:

During heating and cocling air ... 10-150.

During heating and cccling ct superheated steam oo. 20-100.

During heating and cccling pertroleum Frcducts ... 150-600.

I
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During heating and cccling water *,. 200-10000.

During boiling of water ... 500-45000.

During the condensation of water vapors ... 4000-15000.

Page 75.

Radiation coefficient.

Heat transfer can be acccujlished/realized also by a method of

emission. With the heat transter from the wall tc the surrcurding

space simultaneously with tne ccnvecticn always has the place and the

emission whose intensity depends cn the degree of the warmth of the

surface of wall.

The radiation/emissicn of beat by the surface of wall depends on

a difference in the temperatures of 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

with a difference in the temperatures between the emitted surface and

the environment in 10C, is called radiation ccefficient.
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Radiation coefficient frcm the wall into the eDvironment is

determined from to thq fczaula

f tc e Kajcic1C (160)

Key: (1). kcal/m 2 ehOC.

where Tr,,273,2+ta, - absclute teuperature of the wall,

beat-raliating, OK;

ToqI=273,2+f 0 -.. ambient temperature, OK;

t,- tamperature of wall, OC;

ta - ambient temperature, "°C;

* I

C - radiation factcr, tke kcal/m2h(OK)4, depending on surface

condition.

The values of value C ara given in Table 14.

fm
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'table 14. Values of the coe±±icient raiiaticn C.

a Lq (OK)4 HaINeHooasie CL.ac (
0 K)'

6CO-1THO qepHoe TeAO 4.96 ,V xeoil posaHMrAI 0.3
1UHHAwrg 'Incroswi 0.35 wma 3,7WCpoxoaTUA rTeko 4.45

AiuOMHHHI# U1HCTOSON nO- 0,26 e311.a wepoxosaras 4,26
aaposaguhil cepax
eAe3o 4,6 e3nHa raa au qep~a 4.69
eneao oxjtczeHHoe 3.64 apTo ac6ecToeUfi 4,76
e,e3 o 0UII .D1)ea 1,37 pCKH aJI ommr.iewde 1,34-3.32

AN eAb uepXooana 3,6 PI CH macAskwe p,131]e 4,56--4.76
*MeAb u3aAhlionannas 3,1 ~ma cnmii. aax 4.45

elb noAposaian 0,6 ymara 4.6
aTyHb eaabuoaaH a 0,34 o2a 4,75
[aZlTyHb nloIupOeas aN 0,25 I lpitlq Mpacmii wepo- 4.61

,OeaTM iI

Key: (1). Designation. (2). kcal/m2 h (OK) 1. (3). Blackbody. (4)).

Nickel, polished. (5). Aluminum Sheet rough. (6). lica. (7). Alumirum

sheet polished. (8). Glass. 19). ,ubber rough gray. (10). :rcn. (11).

Rubber smooth black. (1d). Tron, cxidized. (13). Cardboard (asbestos.

(14). Iron, zinc-coated. (15). Paints/colors (aluminum. (16). Copper

rough. (17). Paints/colcrs cii different. (18). Ccpper rolld. (19).

Enamel varnish. (20) . Ccper iclished. (21). FaFer. (22). Brass

rolle. (23). Water. (24). Brass polished. (25). Brick red rough.

Page 76.

. 10. Thermal loads, stresses/vc1tages and efficiencies.



DOC 3 004102041 PAGE )

Under the thermal lcaus and the stresses/voltages is implied the

quantity of heat, p3r urit cf surface (heating cr cccling) or unit

volume of apparatus.

Thermal loads and strassas/vcltages can te expressed in the

units the measurement: tkermal (kcai/m.h; kcal/m3 *h), weight kg/m 2-

hour; kg/m3-hcur) and vcluu.etric (23/m2- hour; m3/m3-hour).

Staam load of the condensez:

U G)= F K 2/.4- 1( C, (16 1)

Key: (1) . kg/m 2-hour.

where G - a quantity of cCndEnsed vapor in caFacitor/condenser, kg/h;

F - cooling surface oi capacitor/condenser, m2.

The permissible values cf the steam load of

capacitors/condensers in depending on vacuum are represented in Table

15.

Thi multiplicity cf cooling - these are the ratio of a quantity

cf coo.ing water to a quantity cf condensed vapcr or, otherwise, the

* expenditure of cooling water jez 1 kg of the condensed vapor.It

I
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The multiplicity o± cooling can be expressed by the formula

In Kz souja/xz napa, (162)

Key: (1). water/kg steam.

where W - a quantity of cooling water, kg/h:

G - quantity of condensed vaicr, kg/h; cr

C Q, ti) C aoA hiKz napa, (163)

Key: (1). water/kg steam,

whera 1 - enthalpy cf staam upcn the entrance, kcal/kg;

'- enthalpy of condensate, kcal/kg;

c - heat capacity cf cocling water, kcal/kgoC;

tj - temperature c± cooling water uFon the entrance, oC;

t- temperature cf cooling water on leaving oC.

*.1.

4.3
• :i" ' .-
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-tablq 15. Permissible values ox stiam load.

r~~aKYYM S ~Koliaeiicatrope, 00 9

F 1aposan Harpy3a. A.-I.Aac 150-200 110-150 609 507

Key: (1). Vacuum in the capdcitcr/condenser, c/c. (2). Steam load,

kg/mZ-h. Page 77.

The graph/curve of a change in the expenditure cf cooling water

for 1 kg of thq condensea va cr in the dependence on the vacuum in

the capacitor/condenser and temlexatures of ccoling water upon the

entrance is shown in Fig. 53.

The permissible values of the multiplicity of cooling m in the

capacitors/condensers can cscillate in the limits from 30-40 to

60-70, but sometimes in tna single-pass capacitcrs/condensers they

can reach 120, which draws an undesirable increase in productivity

and power of circulatiry EueF.

Stress/voltage cf vaporizaticc surface:

R.A*w (164)

Key: (1). m3 /m 2 -hour.

where D - productivity of vaEorizer/evapcratcr, kg/h;

7?
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v - the specific vclume ci secondary steam, M3/kg;

Pu-surface of the vajicrizaticn surface, M2.

The: value of the sttess/wcltaye of vapcrization surface in the

vaporizirs/evaporators usuaily is %ithin the limits of 1500-2500

M 3 /M 2-hour and withi lowexing in zne pressura cf tha secondary steam

(to 0.15 atm(abs.)) car raach 6000 M3 /M 2 @h.

Stress/voltage of the heating surface:

Ke y: ( 1) . kg/M2 - hour .

where D - productivity of vapciizer/evapcratcr, kg/h;

F surface of heatinc, m2.

The value of the stress/voltage cf the heating surface in the

vaporizers/evaporators usually lies/rests within limits of BC-110

kg/u 2-hour and sometimes can reach 150 kg/m 2-hcur, and with the

reliabl-i separators - tc 200 ky/ma-hour.

Stress/voltage cf the stean vcluue:

R,=v Jgf-.3 l-ac, (166)
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Key: (1). a M3/M 3-hour.

where D - productivity ct va crizer/evapcratcr, kg/h;

v - the specific vcluame cf s-ccndary steam, m3 /kg;

V - volume of steam space, M3.

LI
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X V#00 0M 2

* Fig. 53. Multiplicity ct ccoling in depending on vacuum and

temperature of circulatica water.

Key: (1) . Vacuum.

Page 78.

The value of the stress/voltage of steam vclume for the

secondary steam of vapcx~zsrs/evaFcratcrs can reach:

1) for the vaporizsrs/evajcrators of atscsFheric pressure

RV*= 3000 23/M3-hcur;

2) for the vaporizers/evapcratcrs, which wcrk with the

Fressuris, differant frcs atmoi~heric

R R' ,I~cj !~Key: (1 3/M3-hour.
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whqre f - a coefficient cf the iressure whose values are given in

Tabl; 16;

3) for the vaporizers/evakcrators, which have the sufficiently

effectivq built-in sepazatoza or the supplementary separating

dev ices/e quip ment:

R, = (1,2 --r 1,4) fR' , :I -31 C.

Key: (1) . m3/m 3-- hour.

The efficiency of hear exctangers V is equal to the ratio of a

quantity cf heat Q2, otained in tne apparatus, to a quantity cf heat

Q1 , which is spent in the proceass of the work of apparatus, and it is

expressed in general fors ny the formula

-= Q(167)

Efficiency of the aEparatuses, which wcrk without a change in

the state of aggregation (ccclnzs of water, cil, air, water-to-water

Drpheatars, Ptc.):
* G,: (I; - t ) (

G~c 1 ( 1 -t1 )(168)"IC VI, t - ti)

Efficiency of the apjaratuses, which wcrk with a change in state

of a;gr**gation of one cf the aat-transfer agents (steam preleaters

of water, oil, air, fuei/zcpailanz, capacitcrs/condensers, etc.):

Gc (t; - 19 (169)

1 I (it- 1t6
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Efficiency of the aEparatuses, which wcrk with total variation

in the state of aggregaticn ci cne heat-transfer agent and partial

change in thq state of dcregaticn of ancther heat-transfer agent

(vaporiz.rs/.vaporatcrs, distillers, distillers, etc.):

D-12 - ct) - tDx, (1 - t )
' LJ1 (it - c1 ,) (170)

Efficiency of thA aFEpratuses, which work with a change in state

of algregation of both heat-trarstar agents (evapcrators, etc.):

D, U.; - C t:)D'= (I; - CI (171).

A
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Tabla 16. Values of the coatficieats of pressure f.

p. ama r 16 4.0 2,0 1,0 j0,8 0,1 0,8 0,5j

f 0,8 0,87j 0,9151 1.00 j1.151 1.25 1.4 1,5

Key: (1). atm(abs.).

Paqe 79.

Here G, - quantity cf cooli. (or heating) medium, kg/h;

G2 - quantity of heated (cr ccoled) medium, kg/h;

D, - quantity of heating ccndensing steam, kg/h;

D2 - quantity of the seccndary steam, kg/h;

S- coefficient of the purging of the heated medium;

cl - heat capacity cf the cooling (cr heating) medium, kcal/kg

c,- heat capacity cf tke cooled (otheated) medium, kcal/kg

0C;
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il - enthalpy of beating ccncensing steam, kcal/kg;

2 - enthalpy of the -eccndary steas, kcal/kg;

tj - initial temperature of tne cooling (or the final

temperature of that heating) mdiuz, OC;

to, - the final teuperature of the cooling (or the initi'al

temperature of that heating) uediua, 0C;

t2 - initial temperature of tne heated (Cr the final temperature

cf that coolqd) medium, GC;

t12 - the final temaexature of the heated (or the initial

temperature of that cocled) medium, 0C.

Usually the efficiency of apparatuses fcr simplification in the

calculaticns take as the aqual to the follovirg values wbich

insignificantly differ from ttcse calculated:

for the heat exchangers, wk-ich have thersal insulation ..

0.97-0.98.

For the apparatuses, which do not have thermal insulation
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C.93-0.95.

The efficiency cf apparatuses for ccnvenience in the

calculations vTry fIrcquertly replace by the ccefficient, which

considers the heat lcss by the aFparatus intc the anvironment, which

also is designated thrcu~h I. This coefficient is the value,

reciprocal efficiency and. akes as the equal to:

for the apparatuses, WhiCh nave thermal insulation ..
'I

1.03-1.02.

For the apparatuses, which dc not have thermal insulation ..

1.07-1.05.

l 11. Determination cf some structural elements/cells of apparatuses.

With the execution cf therial designs usually it is necessary to

defina or to select some stzuctuzal elements/cells cf apparatuses,

*. as, for instanc. : the space of the laying cut cf tubes, a number cf

tubes ani their length, diameter cf the tube plate and surface,

formed by tubes and, etc. unich nave an effect both cn the thermal

°* design and on the constructicn/design of apparatus.

Page 80.
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Are given below the most necessary formulas and initial data by

choice and detarminaticn of some structural elements/cells.

The diameter of the crancn pipe:

d = = 2Dvu (172)

where d - an inner diameter of traach pipe, u;

F - sectional area ct branch jipe, 02;

D - expenditure of the medium through tranch pipe, kg/h;

v - the specific vcluae cf medium, n3/kg;

u - speed of medium, m/s.

Equivalent (hydraulic) diameter in general form is expressed by

the fcrmula

! 'wherR F - a cross-sectional area of channel, 02;

- wetted perimeter of channel, m.

1 Equivalent diameter for some rorms cf channel is given in Table
• 17.
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'table 17. Equivalent diazaters do

M4OPM& IaHaAa )3snaeN~bi Ana

13 pyru Tpy6a AHa~teToom d d
JKuazpat CO COPOHOR d

t5flpRU0yromn.IHK CO CTopOHaMN a X b

LGI)TeiLaoo6mev .Iepe3 sce cT:pombi U

* )iesuoo~wes 4epe3 iee npomuo00AoaoecWe 2&

Tenaoo6men Repe3 o~aiiy cTopoHy a 4bI.

5 Koaeaoe ceqemne (Tpy6a d 9 Tpy6e Dl):
/PTeaaoo6it iept3 B14YTPeNNIOIO H BHCWII0 0- d

nosepuiocra

(/) leI-too6%tet TOatKo nepe3 subt21nm o no-D2-d

e2)reaoo6em TOAtxO qepe3 BHJTPCHmiov no. D-a

AtWg61en0TaCG (iu1fa~evp Nopny-
Ca Afa~~p Ty~o d qacuo Tpy-

6Gk in):

wdITeIOM1C e pe3 Tpy6Rb1l nyqoK O- d

Key: (1) . Form of channel. (2) . Eguivalent diameter. (3). Circular

duct with a diameter of d. j4). Sqjuare with side a. (5). Rectangle

with sides a and b. (6). beat exchange thrcugh all sides. (7). heat

exchange through two opicsite si.des a. (E) . heat exchange through one

side a. (9). Ring cross-sacticn (duct d In duct C). (10). heat

exchangeq through internal and external surfaces. ill). heat exchange

only through qxternal surlace. (11). heat exchange cnly through

internal surface. (13) . Interute space Idiameter of housing B,

diamqter of tubss I and rumter ct tellings; n) . (14) . h~at exch~ange
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through tube bank.

Pa g 81.

Space t of the laying out cf the tubes:

1) minimum space with the laying out on the triangle of the

tubes with a outside diauzeta ox d, (Fig. 54):

t= - ,33d,;

2) for the capacitors/condensers with the laying out on the

triangle of the tubes with a diameter of 4,,-IG.:

3) for the capacitcrs/ccndensers with the laying out of the

tubos with a diameter ci d.=16 xMA on a radius or the rays/beams:

t-, + 16 Am-;

4) for thq small capacitoz-/condensers with low steam

resistance, with roll-d tubes d,416.ux during the laying cut of

their space on the triangle

t , + 5-.'-6 *A;

5) for the praheaters of water, oil coolers and other

apparatuses, which hay' tha tures with a diameter of d*-16.w

during the laying out c! their sjace on the triangle

t .td.+ 5 -- 6 AM:

6) for the petroleum hearers and other arparatuses, which have

'A
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the tubes with a diameter of d -17 Av during the laying cut of

their space on the triargle

The area of the tute plate, necessary fcr the location cf one

tube cn the triangle,

f- 0,8660 Ax, (174)

where t - a space of the laying cut of tubes, MM.

The solidity/loading factor of the tube Elate:

IpW= 1, - (175)

where t - a space of tte laying cut of tubes, mu;

n - number of tubes, placed cn the tube Elate;

D - diameter of the socket/seat of tubes, mm.
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J

00

Fig. 54. Laying out cf tunes on the triangle.

Page 82.

The coefficient of filliny of tube plate rp is equal tc:

for the single-pass cajacitcrs/condensers ... 0.75-0.82.

For the two-pass cnes and acre than ... 0.72-0.78.

For the capacitors/condensers of the type C-V ... 0.58-0.65.

A number of cooling tuoes in the capacitcr/condenser:

lWzit 2d (176)

where W - a quantity of cooling water, m3/h;
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z - number of courses of the water;

d - inner diameter cf tutes, a;

v - speed of water in tuwis, a/s.

The length of tubes (distdrce between the tube panels):

L F (177)

where F -a surface of hedtilny cr cf cooling, in2 ;

d -outside diameter of tube, m;

n -numnber of tubes in the course;

z -number of courses.

The surface of heating cc cccling:

*F= -2-- jA, (178)

where Q-a quantity of introduced or abstr3cted/ramoved heat,

kcal/h;

k -coefficient of teat tzansfer, kcal/mzn2hOC;
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At - average/mean logarizhmic difference in the temperatures (or

a difference in the temueratures), OC.

Furthermore, surface F can be detersined according to

sizes/dime-nsions and numatr of tubas of heating cr cooling:

F--=di ,a' Z(179)

where d - an outside diazater of tubes, m;

l- effective lengtk cf tutes, m;

n - total number cf tubes in the apparatus.

The area of the srallest section of the rczzle:

,I = ' o ', (180)

where G - an expenditure cf steam through the nczzle, kg/s;

%=199 - for the saturated steam and m=209 - for the superheated

steam;

Pa - pressure of steam in trcnt of the nczzle, kg/cm2 :

A
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v. - specific vclume oi steam before nozzle, m3/kg.

Page 83.

The diameter of the sma.Liast section of the nozzle:

Ifl' NX~L.M,(1)
VW

U,

where m'=1.32 - for the saturated steam and m'=1.3 - for the

superheated steam;

G, po, v. - the same as in fcrmula 1180).

The nozzle exit diameter:
d, = 2015 MAI (182)

where G - an expenditure or steam through nozzle, kg/h;

v, - specific volume of steam on leaving frcm nozzle, m3/kg;

ho - adiabatic drcr/jump is steam in nczzle, kcal/kg.

The initial diameter of tur diffuser/exit cone:

D = 1,92 /'-7 v-. , 25 u
u~ ,25h,,." 

, 
1 .

where Gc - expenditure ct ccmizeEsed steam, kg/h;

t
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v.,- the specific vclume of sucked in vapcr, m3/h;

coefficient cf toe injection;

G.,---G - expenditure or sucked in vapor, kg/h;

ho, G - the same as in fcraula (182).

Surface of zinc prctectois/treads. For the protection equipment

from the contact corrosicn, which appears as a result of the

use/application in the ajazatuses of the hetercgenecus materials,

which work under the ccricsive corditions, in the chambers/cameras of

apparatuses are established zinc Erotectcrs/treads.

The working surface oi protector/tread is determined in

depending on the sum of all surfaces, which are contacted with

corrosive environment, ard the radius of acticn of protector/tread.

The radius of acticn cf jrctactor/tread in the chamber/camera of

*apparatus is spread not acre than cn 1-1.5 m, but in the beam cf

tubes - to the length, equal to ten diameters; therefore during the

* calculation of tha shieldea surtaca, besides thf surfaces of
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covers/caps and tube plates, saculd be ccnsidered also the surface of

tubps, formed by their irds/leads, at the length, equal to their ten

diameters.

Page 84.

Tha working surface of tati zotector/tread

S-:'R'n (184)

where R - ths radius of acticn cz protector/tread, M; R=1.0-1.5 - for

the chambers/cameras of tne apparatuses; B=8-10 to the diameters of

conduit/manifold, but not more than 2 m with the diameter of

conduit/manifold D=200 zI and nct more than 2.5-3 m with D>200 mm;

i- ratio of the area cf protector/tread and area of the shielded

construction/design, whica undergoes contact corrosion under

condit- ons of marine water, equal to:

for the chambers/cameras c± arparatuses, formed by the surfaces

cf covers/caps, of tube plates and by the ends/leads of the tubes

with 1/400-1/500.

For the ducts with tronze and brass fittings ... 1/200-1/500.

For the steel branch jipts and the housirgs of apparatuses with

A
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bronze and brass accesscries ... 1/200-1/30C.

Calculation of the safety valves of containers. Capacity is the

valve:

a) for thc vapor cz zne gas

=225Pdh~p 11 czfaK (185)

Key: (1). kg/h.

b) for the liquids G = 500It h VPixf4a,(186)

Kay: (1). kg/h.

whers p=0. 8 5 - a discharge coefficient;

d - diameter of valve (wirbcut the acccunt to the area, cccupied

by the edges/fins of guides), cm;

hed/4 - valve lift, ca;

p- the design iressure of the medium before the valve, kg/cmz;

- the specific gzavity/weigat of medium, kg/M3.
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The calculation of elvctrical heating elements can be produced

acccrding to to the foraula

Q = 0,86IVn = 0,861,.?n - zFAt = =d4tn KKatl.ac, (187)

Key: (1). kcal/h.

whera Q - the calorific raeuiramnz, kcal/h;

I - current strengt, a;

V- voltage, v;

n - number of in parallel working ccnductors;

R- resistance cf ccnuuctcr, chm;

- heat-transfer ccafficient from the surface of conductor to

the heated medium, the kcal/mg-hoC;

F- surface cf conductcr, m2;

- at - difference ir the temleratures between the surface of

conductor and the heated medium, QC;

d - diameter of ccrductcz, a;

7 - lqngth cf ccnductEor, .



DOC = 80040204 FIGo

Page 85.

Chapter II.

EXAMPLES OF THERMAL DESIGNS.

12. Calculation of auxi-liary capacitor/condenser.

Initial data for the calculation.

A quantity is steam that entars capacitcr/condenser, G1=2700

kg/h.

Quantity of condensate GZ=1640 kg/h.

Enthalpy of steam it-650 kcal/kg.

Enthalpy of condensate q2=1 33 .4 kcal/kg.

vacuum in capacitcr/condenser Vm-85010.

Quantity of cooling watez D=150 n/h.

1'
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Temperature of cocling water upon entrance t 1=18 0 C.

; accept.

Tubes brass with a 4ismeter oi d,/d.=16/14*.v.

K Number of courses cf cccling water in tutes z=2.

Course of computation.

1. Absolute conderser tackFrassure

V.-

TO I - 0. 15 ama.

Key: (1). atm(abs.).

2. Condensation tealsrature oi steam when , (on tables 1-3 of

applications/appendices)

t,-53,6"C.

3. Temperature cf ccadensate, abstracted/removed from

capacitor/con denser,
.= - 53,6 4 = 49,6 C.

4. Quantity of heat, transferred by vapcr and by condensate to

cooling water,

Q = G1 (i, - ) + G, (qq - t) 2700 (650 - 49,6) +
Ki3y (1) kcal/+ 1640(133,4 - 49,6) 175,7.10 4 KK.

ilt

" L I
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5. Temperature cf ccoliin water, on leaving frcm condenser
O 173.7.-104

t=t + -- ==18+ 15..0 ,
t 1 . 9 30,4 C,

where c,-0),94 kcal/kg of oC - beat capacity cf cccling (marine) water.

6. Average/mean lcgarithaic differerce ir temperatures cf vapor

and water

t t , .30.4 -- 18 - 29* C.ts -- to ,3, -- 1
* 2Xg i7 3Ig~j~

7. Mean temperature of ccoling water

tp - 0,5 (t, + t;) -= 0,5 (18 + 30,4)= 24,2 C.

8. Speed of cooling water in tubes we accept v=1.6 m/s.

9. Coefficient of heat transfer for capacitcrs/condensers in

depending on speed and sean temerature cf water (cn graph/curve Fig.

39) k 0 =3040 kcal/m 2-hcur OC.

10. Calculated coefficient or heat transfer

S=-- ? = 1,02.0.85.3040=2640 kcal/m2h oc,



DOC = 80040205 FAGE .10

where 0,=1.02 - coefficient for tutes with a diameter of 44=16 ;

02=0.85 - coefficient, which ccnsiaers pcllution/contaminaticn of

tubes.

11. Coefficient of haat transier for caFacitcr/condenser in

formula VTI

'k=3500\#.[ -)-[ -(35 - t)' ,-

3500m [1 0.42]/U:-- '5oK

. C - (5  18)2 1-1=

2940 T)ka.1/.uc-,qacC,

Key: (1) , kcal/m2 h.

where x - an exponent, egual tc

=x=0,12?p(I + 0,15t)=0,12.0,85(1 +0,15.18) = 0,378;

0,- the factor, whict considers the affect cf a number of ccurses

cf water in the capacitcz/ccndenser,

+,= L- 2 + 11= + 2-, 2 / + -IS 1,.
the factor, which ccnsiders the effect cf steam load on

capacitor/condnser 0,-I tor tae nominal steam Icad.

Page 87.

L.3.
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12. Necessary ccolirj surface of condenser

175.7-106

'4e accept F=23.1 z.

13. Quantity cooling or tutes in capacitcr/condenser
Ds 150.2 340,

2825e vi 220,01421.6- i.0

whero =I.0 t/m3- specific gravity/weight cf cccling water.

14. Effective length o rutes (distance tetueen tube plates)

I F 23.1,14.0,016-340 = 1,35 At

15. Space of laying out cf tubes on triargle
, t=d. + 10 -16 + 10 26 .,c.

16. Solidity/loading iactor cf pipe panel (from conditicns of

positioning/arranging cof tues ana partitions/baffles in cover/cap

for two ducts of water)
"q =0,73.

17. Diameter of sccket/seat of tubes (inner diameter of housing)

.1-1340D,-a, y- =0,02 6 1/ == 0,592 x.

18. Quantity of air, drivan out from capacitor/condenser

-- o1,5( 21 +1 +1,36 5

13. Calculation of deaerator.
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Initial data for the calcuiatcan.

Productivity on the deaerated water D=70 m/h.

Pressure in deaeratcr p3=,2 atm

Pressure of that keating o steam p,= 1 . 8 atm

Temperature of that neating cf steas t1 -1800C.

Temperature of the lixture of water, which enters the deaeratcr,

which consists of 80c/c ci condensate and 20c/o of additional water,

t2 =400C.

Oxygen content in deaerated water a,- 0.03 mg/l.

Page 88.

We accept.

Coefficiqnt of the use cf a tcdy in deaeratcr 71-0,97.

Content of Jissolved oxygen in the condensate, taking into

account possibl rhodes cf air a.-1,0 mg1l.

Lj or
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* Wo determine (on 'fables 1-3 of applicaticns/arpendices).

Enthalpy of water in aeaeratcr q, 1I04.4 kcal/kg.

Enthalpy of that heating ox steam ',=676.1 kcal/kg.

Temperature of vater in deaerator t,=104,30 C.-

Enthalpy of the mixture ct water, which enters the deaerator,

q2=40 kcal/kg.

The Specific VOlume Of water in deaeratcr v=1.047 m3/t.

Course of computation.

1. Quantity of beating staa, required fcr beating of water in

deaerator

G=D(qm-q2) =70(104.4- 40) =7,0ah
il- 26761-40 -,ab

2. Quantity of mixture cf water, which erters deaerator
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W'.=D-G=70-7=6 3 0/0.

3. Quantity of additional water, which erters deaerator,

W.,0,2 W,. =0,2.63= 12,6 m /a.

4. Quantity of conaensate, which enters deaeratcr

Ir. - W=63- 12,6=50,4 a / a.

5. Content of dissclved oxygen in additicnal water at 4COC and

pressure 760 mm Hg (cn curve foz oxygen, Fig. 33)

a,,=6,5 rg/i.

6. Contpnt of dissclyed oxygen in displace water, which enters

deaerator,

SaW. - aIV _ 1.0-50.4 + 6,5.12,6
W =2,1 aq/1.

7. Content of dissolved itses of air in additional water at 40 0 C

and pressura 760 mm Hg (cn curve for air, Fig. 33)

1 a.= 17.2 mg/i.
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8. Content of rissclved gases of air in condensate

a; __a;a 17.2. 1.0
a. = 2,65 a /.

Pag* 89.

q. Content of dissclved gasas of air in the mixture of water, which

enters the deaerator,

a;W. + a.w, 2,65.50.4 + 17.2.12.6
= - . 5,5 7 mg/1.

10. Quantity of dissolved gases of air, introduced by water into

diaprator,

O=(a;W ,+a:W.)10-'=(17,2. 12,6+2.65-50,4)0-"=O:33 kg/h.

11. Ratio of equilitrium cxygen pressure in vapcr to partial

according to indicatiors tc fcrula (105), k=3.

12. Constant of weighz sclubility of oxygen in water at its

pressure above water po= 6 0 ma bg and bcIling pcint of water, equal

to about 100 0C (cn curye of Fig. 34)

LM
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ao=24,5 ag/i.

13. Partial oxygen Fressure doove surface of water in deaerator

(ratainirg by its equal at rzrssurti by po=76C mm Hg from condition of

guaranteeing intensity of aeaeration)

--- t.. 3.oo3 := 0,000422 atmP" a 3 .n 24,3

14. Partial pressure of gass cf air above surface of water in

deaerator
P pP- 0,000422.557 0.00112 atm

Pr - ' - 2 "1
15. Partial pressure of steam in deaeratcr

Pn=P.-P-1,2--0,001I2z.1199 atm

16. Quantity of va~cr (steam-gas mixture), driven out from

deaerator,

G=.==Qr(1 + 0,622) =0,3,5(1+0,622 /

17. Total expendituxa cf steam for deaeratcr

I I

a.-- (0 + G-,)- (7,0 + 0,234)- " z 7.5 m/h.

* 18. Necessary volume of deaerated water in deaerating tank

2 D 701047
=15-2 ,-
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§ 14. Calculation of the prebeater of water.

Initial data for the calculaticn.

Productivity of heatez 55 or m/h.

Temperature of water uFcn the entrance into preheater t,=400C.

Temperature of water or leaving from preheater t2 =110 0C.

Pressure of feed water p.36 kg/cn2 .

Vapor pressure of heatiap.=1,8 atm

Temperature of that heating ot steam t3 =20oC.

* We accept.

Co3fficient of utilizatica of heat 1-0,98.

Tubes brass V-shaped wita a diameter of djd,16!13x'(.

,A



DOC = 30o0o2o 5aG!

Number of courses in the tubes of preheater z=6.

Ae datormine (on fables 1-3 of applicaticns/aFpendices).

Enthalpy of that b eating cf steam i=695.2 kcal/kg.

Temperature of the saturation of heating of steam tf,=16,3oC.

Enthalpy of liquid when , gual tc q=116.6 kcal/kg.

Heat capacity of feed water when t. equal to c--I kcal/kg

oc.

Course of computation.

1. Quantity of heat, necessarl for preheating water,

Q=Dc(t,-t ,)=55000-1(I10-40)=385.10 4 kcal/h.

2. Expenditure of steam fox jreheating cf water

G 385-104
(i- (695.2- 116,6)9g = 6800 x /n.

3. Mean temperature f wat in .reheater

Ct'. 0,5. (t, + t2) =0.5 (40 + 110) =75* C.I
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4. On tables 6 cf applications/appendices when t' we determine:

1) specific gravity/wvighz ct water T,=0,974 rn/a 3;

2) the dynamic viscosi~ty of water N=-38,66 -107 kges/rn2 ;

3) the speed of water in the tubes we prelizinarily accept

~'=1.7 M/s.

5) Number of tubes in one course

n D 55___ _ =z 7.

'227,evJ0ij 2825.00I-1,7-0,974

Paqe 90.

6. Reynolds nuimber for water

- Re = 1,7.0,013-974 -56800.
IiSg 38,66-10-69,81

7. Heat-transfer ccefzicient from wall tc water, which takes

place in tubes with turtulent acticn,

=.Av"d1= 2548-1,53.2,35.935O xcal/m2-h 0 c,

where A=2048 tible 10) Zrapending cn t,, =l*-,7"-=l,53 (fanle 11);

d,-'J=0,OI3-2=2,385 (fable 1.0.
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8. Mean temperature of condensable steam and water

.t; = 0,5 (t, + ) = 0,5 (116,3 + 75) ='95,7• c..

9. Temperature riding-corps from the side of steam

t = 0,5 (t, + t) = o.5 (116,3 +95,7) = 106'C.

10. Coefficient of hedt rnsier frcm steam to stand pipe
/9 2-- -10 '4[ - WU - I!F1)-,f-

e"=mAI ~ ~ ~ 1~,- i=PZy.8 (116,3- tO6) =

= 5260 KKa.A, je2-ac *C,

Kay: (1). kcal/mz-6.

wher- At=2210 (fable 13) depending on t,; N=x1,8 A- medium altitude of

the V-shape of tube (assumed tertatively);

11. Average/mean lc~aritbmic difference in the temperatures of

vapcr and water in the izaneatdi

i .:1l t o 110-40t== .-- 28910C
S -116,3-401,9-- 2,3 Ig l6,3-

12. Coefficient of heat transfer frcm vapcr to water

km I d. d-d. I;' -;- -1- +  + -

1 2.0,016 0.016-.013 = 3080 Kxxa*o.4 -'uc C,
M 0,0-13 +,0 +  2,.0 +M.

Key: (1). the kcal/uZh.

7.I-
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where X=90 kcal/m- hour oc- ccefficient cf the thermal

conductivity of brass wall cf tute.

Pag; 92.

13. Coefficient of baat transzer frcm va[cr to water in

depanding on speed and zean emperature cf water can be also

doterminpd according tc curve ot fig. 39. For brass tubes d.=16 u, we

have

k-l,O2.k,= I.02 "3640=3700cal/u2 - oC.

14. Necessary surface cf neating preheater
F=t =- .1 =37,1

28,1.3700

15. R-al surface is accepted

38AO

16. Averag-/mpan lengtn ot semi-V-sbaped tube

38 1
-.-d-nZ ,14 .01.70. = 1,8 ..

If 14H=1.8 m, then in, tha presence cf the small disagreement one

should change F. but if disagreement is considerable, then should he

the obtained value fcr I to sucatitute fcr a;rcximate of that

accepted for H and produced repeated calculation, after beginning it

frcm determinaticn ,.

. ... ' ...
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17. Space of the ]ccation ct the tu-es

t=d,+6= 16+6-==2 JU.

18. Inner diameter cf nousiny (from concitions for location cf

bundles of V-shaped tutes, aiv~ceu in ccver/cap by

partitions/baffles, that ensure six courses cf water) is accepted

D. = &50 .v.

€ 15. Calculation of steam ccder.

Initial data for the calculation.

Th productivity cf stdam cocler D=4000 kg/h

temperature of steam upcn the entrance irto steam cooler

tiz3200 C.

Temperature is cf steam on leaving their steam cooler t2 =220
0C.

Pressure of steam p,=8 atm

Quantity of coolir S teed water G=50000 kg/h.

Teaneraturs of water ujcn the entrance ittc steam cooler

t2=125oC.
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Pr %ssure of cooling water p,=56 atm

Page 93.

We accept.

Heat availability factcr .. 0.97

Tubes steel V-shared with a diameter of 'ds=dI71/3,m.

Number of courses c± steam in tubes zl=2.

Number of courses ct watir in the hcusing of steam cooler z 2 =2.

We determine (on ables 1-3 of apflicaticns/afpendices).

Enthalpy of steam ujcn the entrance i,=740 kcal/kg.

Enthalpy of steam cn leaving i2=688.7 kcal/kg.

.40 Course of computation.

'[ I
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1. Quantity of heat, transferred by water vapor,

Q=D(i- )=4000(740-688,7)=.5000 kcal/b.

2. lean temperature of overheated stau

4= +,5(t, 4-t.) = 0,5 (32D + 220) =270 C.

3. Onfabl-s 3 and kiy. 1-3 of applicaticns/appendices when t.'

we determinq:

1) specific heat cf steam c,=0.51 kcal/kg 0C;

2) specific gravity,/weight ct steam " .=3,22 kg/m 3 ;

3). the cofficient of tberual conductivity ==0.,37kcal/m-hour

0 C.•

4) dynamic viscosity is steam i.=1,93.10 - 6 kgos/0 2 .

4. Number of tutes in course (after accepting tentatively speed

of steam in them about 50 m/s) be accept n=53.

5. Average speed ot steam in tubes cf steam cocler

D 4000 _ 49
25e2 n 3. 2825.0.0132-3..3.22
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6. Criterion of Reynclds tcr steam.

Re - 0.47 49.0,013.3,22 108500.
PR, . 9 3 . 1 0 -o. 9 .8 1

7. Prandtl numbor fcr staa

Pr=0,0L37

B. Heat-transfer cceftici.cnt from superheated steam to wall with

Rq>1e10'4 and Pr=0.7-25CC:

0,023 -L' Re0' pf9A 0,023 0.03 1085M00.0,94204

6n8 5calj/s2h b C.

* Page 94.

9. Temperature cf cccliny bater on leaving

Q4 t +-- 125+ 3' 1 7 129c

where C.%=l.017 kcal/kg -C neat capacity cf water with t=127 0 C

(rable 6 of applicatiorns/akpendices).

10. Mean temperature ol cooing water

f.= 0,5 (ts+) tj0,5 (125 + 129)= 127- C.

11. On fable 5 'of apjpiicaticns/appendices whan t. we determine:

1) coefficient of tberma.l ccauctivity cf watar- X.=0,59
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kcal/m-hour 0 C;

2) specific gravity/waigat cf water -,@=937,3 kg/m 3 ;

3) dynamic viscosity of water ".=22,2.10-6 kg-s/m2 .

12. Inner diameter cf tcusiny of steam ccoler (from conditions

for lccaticn of beam of V-shajed tubgs of that divided in cover/cap

with partition/baffl3, which ensures two courses of steam in tubes)

we accept
D, = 0,28 AL

13. Area for passage of water in intertube space of steam cooler

0.785(W2 - d,2,nzt) 0.785 (0,28; 0,0172. 3-2
== ., = 0,01875 A'.

14. They ars equivalent heat-transmitting diameter of intertube

space
d.- 4f 4.0.01875 n, =

JL- j. _4.0.017-3 =30,0265 . .

15. Average speed tauds in steam cccler

0 50000 */s.

,f4-O.f.T. 3500.0.01675.937.3 0,79

16. Reynolds number for water

Re. - ,4, , 0.79.0.0265.937.3 900M.
'r 22,2, I6-r9,8,

17. Prandtl number fcr water
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Pr, 3600 .&,, 3600.22,2.10-6.9,811.017 1,35.

P, 0.59

Pago 95.

18. Heat-transfer ccarticient from wall tc water with

longitudinal washing of ducts tcr di.>1e1C 4 and Pr=0.7-2500:

059 0 4
a..,023 Re"' PrE4 =....023 0.-5 90 000'.

5350 kcal/ mb 0 C.

19. Heat-transfer coefficient from steam to water

II _________

km 2d +d,-d.+! I 20.017 0.017-0.0Fi_.I

6.-4 +" 2 ", - ,7+ooI3' 2.5A 51+ 0O

530 kcal/mzh cf OC,

where X=50 kcal/m- hcur OC - thermal conductivity of wall cf ste.l

tube.

20. Average/mean lcgaritamic difference in temperatures for

countercurrent

(- e.) - (t,-t) (320- 129)(20 125) 1
2.3 t /4 - , 13723 C.i1- t. 2 ---125

21. Necessary surface cf neating steam cccler

F =. - r M, '8 2,8 .43. 0$i M 137.7.53M

A
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22. Real surface taking intc account pclluticn/contarnination

Fa - 1,07F -1,07 - 2,8 = 3,0A

23. Average/mean length or semi-V-shaped tutes

F. -,143.0 =015 -zd4nzs 3I..07-53-2

1 16. Calculation of the ccclant cz water.

Initial data for the calculatica.

Quantity of thR water-ccoirea -W-=24 a/h.

Preissure of the water-cccled P1=2 kg/cX 2.

Temperaturs of the VatEr-CCCled upon the en~trance into ccolant

t1 =85
0C.

Temperature of cocled wazer cc leaving frcm frcm cooler t2 =75
0C.

Quantity of tha cccling (marine) Water 1A2=18 r/h.

P rissure of tho ccciliny (marine) water P2=-- kg/cm2 .

Teruperaturce of the ccclia (marine) water upon the entrance into

cccl.Ant t 3 =22 0 C.
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We accept.

Tubes German silver with a diameter of d,4d,=1018 AAt.

Number of courses cf cocling water in tubes z=1.

Course of computation.

1. Mean tempetature of water-coolpd in ccclant
tp = 0,5 (t, + t2) = 0,5 (85 + 75)= 8 C.

2. on %ible 6 of applications/appendices when t we determine:

1) heat capacity c± water c,=,007.kcal/kg oc;

2) specific gravity/weight c¢ water 71=971.8 kg/M 3 ;

3) kinematic visccsity of water ",=0,366.tO-6 m2/s;

4i) coefficient of ttermal ditfusivity of water a,=5.9* 10-4 m2 /h

0C;
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5) coefficient of thermal coaductivity cf water X1=0.58 kcal/m-

hour 0C.

3. Quantity of heat, 4iven ui to cooling water,

I=Q W',c (t, -t2) - 24000.1,007 (85 - 75) 24 2 000 kcal/h.

4. Temperature cf ccoiing water on leaving

t = t, + ___- =22 + 24' = 36,4P C,

where c =9,94 kcal/kg °C - heat capacity of cccling (marine) water.

5. Mean temperature cf cccling water

t4- = 0.5 (t3 + t,)= 0.5 (22 + 36,4)-29.2 C.

6. Average/mean icgarithmic differerce ir temperatures fcr

countercurrent

Of 3 g4 - , - s - (85 36.4 - 7 =-2) 51,80C.
,. = ( --,-(t-t)_82.3 Igi-ti' to - - 2.3 Ig4) ) -- - -.4 2 1.oC

7. Speed of cooling water in tubes we accept Vs-0,8 a/s.

8. Number of cooling tubes

- =121,
282&I ,Vj2  2825.0,o O.8. 1,025

where 72=1.025 t/m3 - spcZic gravity/weight of cooling water.

F. ' ' '*. . .. .. = " ' "- : '
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9. Reynolds number for cccling water

Re=!d,=0.S.0.00&8 0 ,R A 0 ; .8. 1 ( or o
where v1-0,8-1O- 32/s - kinematic viscosity cf cooling water when

t,=29,20C (it is determined acccrding tofaiie 6 of

applications/appendices).

With 2200<Re=8000<1C000 the action is unstatle.

10. Prandtl number for ccclLng water will ccuprise ,

49 5.3.10-4

where CZ=5.3e10 " 4 m2/h - coefficient of thertal diffusivity of water

when 4 (it is determined according to'table 6 of

applicati ons/appendices).

FOOTNOTE 1. For a more precise caiculaticn the value Cf criteria Gr

and Pr, entering product GrPr 3 , it is necessary to determine them at

temperature of boundary layer. ISLEOOTNOTE.

11. Grashof's criterion fcr cooling water will comprise 2

zeuu 9.81 .G.*O .3. 14.4
'4 =3,4.10,

A
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where g=9.81 m/s2 - accel ration cf gravity; f=310"4 1/OC -

coefficient of expansicn of watEr %hen t*, (it is determined

according to Tablq 6 cr a~penaices); 6t=t4-t 3=36.4-22=14.4
0 C-

difference in t~mperatures of ccoling water.

FOCTNOTE 2. Then. ENDFCCINOLE.

Product of the criteria

GrPrs =34.10P-5,43=5,32-1o.

12. on graph/curve fig. 44 in depending cn CrPr3 and Pr with

Re=8000 for transiqnt mcda/condations we determine Nu=56.

13. Haat-transfer ccerficient from wall tc cooling water

d tL i 560,530e==--, -- ia = 3710Jcal/m 2 h

whers, X2=0.53 - coefficient of thermal ccnductivity of cooling water

when t4= 29,2C.

14. Space of locatica of cocling tukes
t= 1,35d. -1.35.10 ---13,5 j .

Pago 98.

15. Innar diameter cz hcusing of coolant frcm conditions for
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location of beam of tubes is taKen D=,7a

16. Speed of water-cccled in intartubp space with longitudinal

washing of beam of tubes

V7 , Z=jS_0 24 0.2as
21525(D.2 d.2nT, ' 850172 ~0.O012.121) 0,9718 -. 2us

17. Equivalent heat-transmitting diameter of intertube space

D.- A 0,172 - 0.012. 121 .004
d,,n 0.01.-121 - -0,1

18. Reynolds number for water-cooled

Re ivd, 0.52-0.014- 990

19. Prandtl number for water-cooled
r =3600vt 3600.6610- 4 2,3

. = ' .=2,.13.

21). Heat-transfer ccefficjient from water-codled to wall with

turbulent flow for Icngitudinal washing cf team of ducts

410,023 R eO* Pro-4 0,023 - - 19 90010'*- 2,230.4
d, 0.014

360 kal/3ah 0C.

21. Coefficient of beat transfer frcm water-cooled to that

cccling
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I _

I + d - do. 2d,.
2A 7. d,, + do

I + 0 1 . 0.,0 + 2.0,001 =-1620 KxaA/4-,ac C,
t" " 2.25 3710'6 o0o + oo8

K.y: (1). kcal/m 2-I,

wher -s X=25 kcal/m- hcur oC - coefficient of the thermal

conductivity of German silver tute.

22. Coefficient, %hicn considers polluticn/contamination of

tubes, is accepted 0=0.6.

23. Calculated coefficient of heat transfer from one water tc

the next

k ipk,-0,8-1620 == 1300 kcai/m2 C 0 C.

Page 99.

24. Necessary ccoling surface of coclant
F_ 0 242000o-- law =3,6 .

25. Effective length of tutes (or distance between tube plates)

J 3.s---- 3: =~j~ 0,95 ie.

A=d, ,|-.1 2

IA
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We accept 1=1.0 a.

17. Calculation of fual heater.

Initial data for the calculaticr.

Productivity of prebeater ]-5 m/h.

Tamppraturi of petroieum residue upcn the entrance in preheater

t1=15
0c.

Temperature of petioleum zezidue on leaving from preheater

tz=950c.

Brand of the petrcleua residue; the sailcr M20.

Pressure of that teating ct steam P=29 atm

we accept.

Heat availability factor q=0,98.

Tubps of steel V-shaped with a diameter cf d./d.-17/13 je.
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Thickness of flat/ilane retarders , estahlished/installed in the

straight/direct part of the tutes, 6=1.0 mm.

Number of courses ct petroleuz residue in the tubes of preheater

z= 6.

W determine (on Tables 1-3 oi apElicaticns/appendices).

Temperature of heating steam t,=230.qoC.

Enthalpy of heating steam i.=669,5 kcal/kg.

Enthalpy of the condensate cf that heating of steam q=237.5

kcal/kg.

Course of computation.

1. Mean temperature oi petroleum residue in preheater

4,-0,5 (t, + tz) = 0,5 (15 + 95) = 5W C

2. officient weight of petroleum residue M20 with t, on

graph/curve Fig. 13

Ta- 0,947 m/a3.

3. Average/mpan heat capacity of petroleum residue with
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C,-(0,403 +0,00081t,) - = (0,403 + 0,00081.55) -V Tii

0,461k ca l/k g 0C.

Page 100.

4. Quantity of heat, necessax, for preheating petroleum residue,

Q=Dc,(ts - t)==50O0.O,461 (95- 15)=1,85. 10 kca 1/ kg.

5. Expenditure of hedting cf steam for preheater

(1-q)- (.5- 2375) .9 437 kg/h.

6. Average/mean 1ccarithmic difference in temperatures

t - 4 95-15
t 2.3Ig-=2.31g 230.'9--15 74C"

2360,9-95

7. Number of tubes in cre ccuzse (on preliminarily taken speed

of petroleum residue 0.6 u/s) r=15.

8. Area for passage of petroleum residue in tubes with presence

of retarders

f - (0,785d - ad.) =

- (0,785-0,013, - 0,001.0,013) 15- 0,0018.0.
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9. Specific weight ci petrcleum residue when tcp we determine on

graph/curve Fiq. 13 cr according rc formula

jc In - 0,000567 (tc, 20) =

= 0,941 - 0,000567 (55 - 20) - 0,922 M/A,

where ,-=0, 941 m/A - specific gravity/weight cf petroleum residue

with t=200C.

10. Speed of petroleum residue, which takes place in tutes,

D 5
Af=cp 0 w7,o--= 0 ,83 5

11. Coefficient of heat transzer frcm vapcr to admiralty fuel

oil 112 in depending on his sieed and mean texperature, in reference

to external surface cf tunes, we determine cn graph/curve Fig. 41

ko-=175 kcal/,.- O'¢.

12. Correction factcr, which calculates brand of petroleum

residue M20 on the basis or data tc formula (129),-. .9

13. Correction factcr, which calculates cse/application cf

retarders on the basis ct grapn/curve Fig. 42 ==1,42.

j 14. Calculated coetticient cf heat transfer from vapor tc

A
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petroleum residua m20

k%-',,k-0,93.1.42.1.75-232 acai/ 2 -2 oc.

Page 101.

15. Necessary surface cf beating preheater, referred to outside

diameter of tubes

Al 2= 1-4.a 4,5

16. Actual heating suzface taking into account possible

pollution/contaminat ior

, 1- ,-= II1 -4,57:::-:5,0 X2'.

17. Average/mean length cz sesi-V-sbaped tube

.4dnz 3,14-0,017.15. = 1,0 I..

18. Space of locaticn cf Fijes.

t - d + 6 -- 17 + 6--- 23 .

19. Inner diameter cf housing (from conditicns fcr location of

beams of V-shaped tubes, dividea in cover/cap by partiticns/taffles,

ensuring 6 courses of petroleum residue) is accepted D,7283:u.

18. calculation of the irebeater of oil.

Initial data for the calculaticn.

; I'
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Productivity of prebeater D=2uO00 kg/h.

Temperature of oil UFoD the entrance intc preheater t1=150C.

Temperature of cil cn leaving frcm Freheater t2 =70
0 C.

Brand of oil: turbine U1.

Vapor pressure of keatiny p,=29 atm

We accept.

Heat availability factor iq0,98.

tube copper V-shaped with a diameter of dld,=10O8.j.

Number of courses cf oil in the tubes cf preheater z=4.

Let us determine (on'atles 1-3 of applicaticns/appendices).

Temperature of heating of steam to-230,90C.

Enthalpy of that teating of steam i=669.5 kcal/kg.



DOC = 80040205 FAGE ./

Enthalpy of the ccndensate of heating cf steam when p., equal tc

q=237.5 kcal/kg.

Course of computation.

1. Iean tmperature oi oil in heater.
t,= 0.5 (t + t) -0.5 (15 -+- 70) 42,50 C.

Page 102.

2. Specific gravity/weight cz oil UT with t, on graph/curve Fig.

13

Ts - 0,902 mAS.

3. Average/mean heat capacity of oil with

,(0,403 + 0,00081 t,) I(0,403 +0,00081-42,5)V 0,428 kcal/kS 0C.

4. Quantity of heat, necessary for beatirg of cil,

Q -Dc,(t.- t,)f- 2000.0,428(70- 15)=- 47200 kg/b.

5. Expenditure of beating ci steam for preheater

S-- Q 4720 =--'q) 1 69,5 - -237 5) 0 ,96 --112 k g /h
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6. Average/mean logari=nmic aifferince ir temperatures

at --, 70-15 18 C.tAt-- t2,10.9-S 1 87C
2.3 Ig - 2.3 g 2-0.9-15

t2t 2jU),9-O

7. Number of tubes in cne ccurse (on preliminarily taken speed

of oil 1.5 m s) we accept n=d.

3. Area for passage o cii in tubes

f= 0,785da = 0,785.0,008" 8 = 0,000402 u.'

9. Specific gravity/welgat of oil when toq is determined on

graph/curve Fig. 13

"rp = 0,886 m1 O.

10. Speed of oil, ihich takes place in tubes,

V= 2
3tM1-CP 36WU.u,.u.O2..,& =1,5 s/s.

11. Coefficient of heat transfer frcm vaEcr *to oil in depending

on its speed and mean temperature, in reference to external surface

cf tubes, is determined ca, graj/curve Fig. 43

k-263 kcal/ma-k oc.

12. Necessary surface ct heating preheater, in reference to
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cutsidqa diameter of tules,

Al 17.2b3 0,96

Page 103.

13. Actual surface cf heating preheater taking into account

possible pclluticn/ccntaninaticn

F*-= 1,04.F= ,04.0,96 - 1,0 AO.

14. Avqrage/mean length of sasi-V-shaped tube
I FV1 1,0 A

-~ n .--- i. 11,E4.-.1.4 ,

15. Space of locatica of tubes

t - 1,3d. - 1,3-1_0 - 13 Am.

16. Inner diameter cf housing (from conditions fcr location of

beams of V-shaped tubes, divided in cov.r/cap by partitions/taffles,

7nsuring four courses of oil) we accept D.3 10m.

§ 19. Calculation of oil cooler.

Initial data for the calculaticn.

Productivity of oil cooler )=16 m/h.

ha*#



DOC 800402,05 PAGE .V

Temperature of oil upcn the~ entrance intc cii. cooler t1 =55OC.

Temperature of cil. cn leaving from cii ccoier t2=370C.

Brand of oil: Turtine T.

oil pressure in the oil ccclex pi=3 kg/cn2 .

Quantity of that ccciling water (marine) G=50 rn/h.

Temperature of cocding water upon entrance t3=150C.

Pr-issure of cooling water p2=2 kg/cM2 .

W;: accept.

Tubpes German silver oi straight lines with a diameter of

d .- 1018

Number of courses cf ccoding water in tubes z=2.

Intertube space is divided by segmental Fartitions/baffles.

Heat capacity of cccling Izari~ne) water cmO.94 kcal/kq OC.
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Thi specific gravity/wsight ot cooling (marine) water

1.= 1,025 mi*'.

Course of computation.

1. Mean temperature ot cii is cil ccoler

t', - 0,5 (t, + t) -= 0,5 (55 + 37 - 46- C.

2. Sp.cific gravity,/weigna cf oil when tr cn graph/curve Fig.

13 1.-=879 kg/m:.

Page 104.

3. Average/mean heat capacity of oil with tC

c,- (0,403 + 0,00081) = = (0.403 + 0,00081.46)

0,462 kcal/kg or,

where yl,=0.9 t/m3 - specific gravity/weight cf cil with t=15 0C on

graph/curve Fig. 13.

4. Quantity of heat, given up by oil to water,

Ai
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Q=Dc(t, - 4)= 16 000. ,462 (55-37) 132 000 k c a1 h

5. Tqmperatura of ccoling water on leaving from cil cooler
t4 te + _Q 13200 7,80C

t44+~~~15 + 500000,94 =1,~C

6. Mqean temperature ci ccoling watqr

t,' = 0.5 (ts +t4 0,5 (15 + 17,8)=16,40C.

7. Average/mean lcgazi-thuic difference in temperatures tetween

oil and water according tc tcxaula (36) for crosscurrent

U (0, -t 4 ) U: (SS-I17.8) -(37-16.4) = 28*C.
2.3 1g 2,3 1g 55-1784

tta - f~p37 14

8. Speed of cooling water in tubes we prelizinarily accept

%==0.7 V/s.

9. Number of cooling tubes in oil ccolir in preliminary

determination.
W Gs 50-2 _=771.

2i2 d~,~T =28250W000,7-1,025

10. Space of locaticn cf tubes on triangle

t -l,35d.- 1,35.-10 -13,5 xx.

11. Inner diameter Cf housing (from conditicns fcr location of

b-aam of tubes, divided in ccvez/cdF by partitien/taffle, which

qnsures two coursps of watrsr in tubes) we accept DK45Aw

12. Number of cooling tu~es, ilaced in cil cooler, n=778.
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13. Speed of cooling water in tubes

Vs 50-2 =0,693 3/s.
2825 w.,, 2825.0.0082.778-I.02 9

14. Kinematic visccsity o± water with cn'rable 6 of

appendices

,,= ,1. 0.4M2/s.

15. Criterion of Seynclds fcr water

Re - !. -- 0,693.0,008Re .Z ,. "= 1,11- = 5000.

With 2200<Re=5000<1C000 the action is unstable.

16. Prandtl number for water will ccmprise I

pr.' 360.v% - .3600.1.11.10-. ,
3,,03-10-4. ,3

WA

wherq a,-5,03.10-4  m2/h Z coefzicient of thermal diffusivity cf waterA

t*p"16,4Cdqteruined in fable 6 ol applicaticns/appendices.

FOOTNOTE I. See footnote to 1 . INDFOCTNOTE.



DOC =80040205 FAGF

1.

Grashof's criterion for tae bater a

- . 9.81-00.W 1.1410-4., 1238G T - -- y . iii O~ ~ 3 0

where 0=1.1410"* 1/oC - coeficient of the expansicn of water in
Table 6 cf applications/aipendices when t'-w6,40 C; g=9.r/ M/S2 -

acceleration of gravity 6t=t,- 3 =17.8-15=2.8IC - difference in the

tfmperatures cf water.

FOOTNOTE 2, Then. ENDFCCINOIE.

18. Product of criteria

OrP'- 1330-7,933-6,65-106.

19. On graph/curve fig. 44 in depending on GrPr 3 and Pr with

Re=5000 for transient mcde/ccnditicns we determine Nu=38.5.

20. Heat-transfer ccatficienz from wall to water

% -- " -- M=2440 xcal/m2 - OC,

where ,-0,507 kcal/m- hcurr C - thermal ccnductivity of water when

on tables 6 of applications/aF~endices.

.1
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21. From conditions or laying out of tubes and location of

partitions/baffl-s in hcusing ct oil cooler we accept:

n1 =12 - number of gaps/intervals (sections) tetween

Fartitions/baffles;

h=0.094 m - distance between fartitions/taffles;

m=18 - number of series/zcws ct tuaes, arranged/located between

shear/sections of partizicns/tattles;

m3=492 - number of clearances tetween tubes ir series/rows,

streamlined with cross flow;

yo=0.0153 m - average distance tetween housing and wing tubes;

0=1160 - central angle cf segiert, formed by groove in

partition/baffle;
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It,=126 - number of tubes, arranged/located in segmental groove of

partition/baff1 i.

22. Clearance between tutes

y-t-d. 13,5- 10-3,5 a=0,0035 a.

23. Averagg/mean area of section for passage of oil between

partitions/ba ffles

(0 3.3 0,00,5) 0,094-2m 2-18
-0,064 at,

24. Sectional area for passage of oil atcve partitions/baffles

D 2 . s n w d
fs 7180 47

0,4353 ( 116.3,14 114-0012
S 1 in 1 16) - 4' 126-0,0164 at'.

25. Average speed cf cil tetween partiticns/baffles and above

them, since ft~f2,

0 its 6)
J&bU-ITU 36-Mo0,0I16.0,s87 0.307 x/ce.

Key: (1). r/s.

26. Average speed cf oil in cxl cooler with transverse segmental

partitions/ba ffles

Lu = + (N- 1) Av, 1,04-0307+ (I - I2.3.0,107030
L-I-(I-I)A .04 + (11 - I)4, 8*c .

.1
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Key: (1). u/s.
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Here L=1.04 m- distdnce tEtween the inlets and oil outlet;

N=11 - number of partiticas/kazfies;

f - area of the segment abcve the Eartition/baffle:
~3,14.0,011

I -A + -- '0,0164 + 4 12 6 0,0265 ';

. 4 .

44"-j; =io.0-265 2,32 *,

whers S - a chord length;

S- D sin-0,435. sin T -= 0,169 u.

27. Heat-transfer ccefticiert frcm cil tc wall of tube

- I/ IOJ

-- = ___i (t + 0,006-46) -208 KK6aIA'xw€C.

Kay: (1). the kcal/mzh OC.

28. Coefficient of thermal ccnductivity cf German silver tubes

(on tables 38) X=25 kcal/a- acur °C.

29. Coefficient of beat transter frcm cil tc ccoling water
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'- 2, = os

t* I + 4-d, +I 24, =

I .Ie.J Uu =188 xKaA'wac°C.

Key: (1). the kcailmh .

30. Necessary cco1Iny surface of oil cccier

Aft 132000=.F----= z=2,1

31. Distance between tube ilates or effective length of tubes

h/+ = 12.0,09;+ 11.0,003 - t.163 ,

where with 6=0.003 a - tbickress cf partiticnE/baffles.

32. Complete cocling surface cf cil cccler

P -. ,/d. =3,14.0,01.1,163-778 n28.6  us.

Page 108.

q20. Calculation of air Ireaeater.

Initial data for the calculaticn.

Productivity of prebeazer at temperature t=150C: 0. =5000 *3/h.

Temperature of the air, %nich enters the preheater, tl=-250C.

i'
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Temperature of the air, waica emerges frcm the preheater,

t2 =+15
0C.

Vapor pressure of keating pn =5 atm(abs.).

We accept.

Heat availability iactor -4- =0.98.

Tubes brass of diameters fjd, =10/8 am.

Number of courses in tubes z=1.

Space of tubes in tba width oi beam s1=15 mm.

Space of tubes in the deptb of beam s 2 =12.5 MM.

We determine (on-fable 1-3 cf apElicaticns/afpendices).

Temperature of heating steam 4, =151.o 1C.

Heat of vaporizaticn r=5U4.2 xcal/kg.

Course of computation.

\t~
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1. Mean temperature of air

t4p -0,5(t, + t)=0,5(-- 25 + 15)= 50C.

2. Onfable 5 of applications/appendices when tcp we determine:

1) kin4.matic visccsitj oi air * =12.9.10-6 m/s;

2) coefficient of tbazzal conauctivity X=2.02.oO2 kcal/m hOC;

3) heat capacity c± the air cp =0. 241 kcal/kg of oC;

4) specific gravity/weight of air I- =1.280 kg M3;

5) specific gravity/weight of air with t=15oC: Ti0 =1.185 kg/M 3 .

3. Weight quantity c air, passing thrcugh heater.

i0n"a.i6 = 5030.1,185 - 5930 .

Key: (1). kg/h.

4. Volume of air with

= = 4650 A9, WC.

Key: (1). M3/h.

ii
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5. Quantity of heat, required for heatinq of air,

Q - Gc, (t. - t) m 5930.0,241 (15 + 25) = 57 200 KKaAlac.

of Key: (1). kcal/h.
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6. Expenditure pair tor pLeheating cf air

Q 3720Ou. - bU --4K..,9 = 116 ica/,ac.

Key: (1). kg/h. r=

7. Temperature head between vapor and air

At-t-t,i- 151,1 +5=15o 0 C.

8. We preliminarily accept following structural/design

sizes/dimensions of preneater, being guided by fulfilled draft:

number of series/rcws of tubes in depth cf beam:

with even quantity ci tutes ... m,=3

with odd quantity cf tubes M.. 2=2

number of tubes in even series/row ... ni=30

number of tubes in cdd series/row ... nz=2c

.4



DOC 8 0040206 PA(;k

Distance between tube ilates %,, 1=0.68 a

distance from wall cf housiny to wing tube ,.. 6=0.003 m.

9. Dimensions of seczicn of hcusinq for passage of air in width

cf btam

b-(nl- US& + d. + 29- (30- 1)0,015+0,01 +

+ 2.0,003=0,45 m.

10. Clear area for passage of air

,-(,-." +,., 3,+..1 "
-0,1049 A0.

11. Average/mean air speed in preheater

4;60 e)
V,-- .= -'ei.UJU4i =12,3 x/ceKC.

K.y: (1) . m/s.

12. Reynolds number for air

Re-- = '3- =9550.
S 12,9.10 - 6

Paqe 110.

13. Heat-transfer ccelficient from wall tc air fcr transverse

!
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flow around tubes of stacgered ariangement will he determined

according to to formula
e "- Re, = 1,15.0,223 2,21 95,50 127 ,-

9do = 2 xaA/M2-,gac 0C.

hy Key: (1). kcal/mzh oC.

wher- c - a coefficient (cn T le 9) when 15
..... - 101" 9) whn-Isq =[

¢= 0, 1 A + 0, 15 L 5;
C+,Tdu +0 -jl 5 ;

s - coefficient inlatle 9 as average/mean fcr five series:

-' + n + 3n- 0. 1 + 0.20 + 3-0.2M .= 0,223;
5 5

n=0.6 - an exponent on labla 9.

14. Coefficient of heat traasier frcm varcr to air

127 KKa4.2/'- ac C.

Key: (1). kcal/mth °C.

15. Necessary surface of heating preheater

,M= I -I ,273,0 '.

16. Accepted surface according to preliminary sizes/dimensions

F#= (mrn + m,n.) ird.== (30.3 + 29.2) 3,14.0,01.0,68=3,16 ,8.

In the case of disacreemunt it is mcre than to -5-+10o/c between

the necassary surface and surtace, accepted according to preliminary

sizss/dimensions, shculd ne cnaaged the sizes/dimensicns accepted and

.1 again produced calculatica.

... A, .,
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During the settinc up cf air preheaters in the special

compartments from which the fans supply air irtc the operating

locations, the heat availability iactor is accepted 'I. =1.0.

§21. Calculation of the coolant or air.

Initial data for the calculaticn.

Productivity of ccolant at temperature t=150 C, 0s =3000 M3/h.

Temperature of the air, waicn enters the ccclant, t1=27
0C.

Temperature of the air, which emerges frcu coolant t2 =18
0C.

Temperature of the tzine, which enters in ccolant, t3=7.50C.

Temperature of the trine, which emerges frcm the coolant,

t4=10.5 0 C.

We accept.

Tubes brass with a diameter of d, d.=16/14 Am.

t1
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Number of courses c¢ trive in tubes z=2.

Space of tubes in tha width of beam s,=22 m.

Space of tubes in tba aepta cf beam s 2 2C mu.

Heat capacity of trine co =0.93 kcal/kg oC.

The specific gravity/weigat of brine ' =1.025 r/4M3 .

Page 111.

Course of computation.

1. ean tamperaturG of air

St 0 ,5(tL + t) o ,5(27 + 18)= 22,5-C.

2. On -table 5 of layings wnea ve determine:

1) heat capacity cf the air C, =0. 242 kcal/kgoC;

2) coeffizient of thermal conductivity )=2.18.10-2 kcal/m.h 0 C;

kN
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3) kinematic visccsity =15.93*10- 6 M2/s.

4) specific gravit/y,/eigbt =1.155 kg/M 3 ;

5) specific gravity/weigh with t=15 0 C, equal to Tis =1.185

kg/M3.

3. weight quantity ct air, passing thrcugh coolant,

G;= .,,= 3000.1,185 =3560 Kz vac.

Key: (1). kg/h.

4. Volume of air with t~v

G; 39AO
Q--==3080 xc

Key: (1) .m3/h.

5. Quantity of heat, atstracted/remcved by brine,
(,;

Q = O~c, (t, - tz) = 3560.0,242 (27- 18) = 7800 ,,aA/c.

Key: (1). kcal/h.

6. Mean temperature cf brine

t, = 0,5 (to + t)= 0,5 (7,5 + 10,5)= 9-C.

e 7. Quantity of brine, required for cooling cf air,
wp..0 = 7N (i

= (1 -SW9. = = 2800 Az wc.

Key: (1). kg/h.
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8. We preliminarily accept tollowing structural/design

sizes/dimensions cf coclanat, caeing guided by fulfilled draft:

number of series/rcws of tutes in depth cf beam ... m=16.

Number of tubes ir tba biath cf beau ... n=18.

Distance between the tube ilates ... '=0.485 m.

Distance from the wall of hcusing tc farthest tube with 6=0.009

9. Size/dimension of secticn cf housing for passage of air in

width of beam

b-(n- Os +d.+21(1 8 -1)0.0 2 +0,016+2.0,009-
-0,408 .

10. Clear area for jassaye cf air

I- (b - nd.) 1- (0,408-1 8.0,016) 0,485 = 0,0582 ,,.

Page 112.

11. Average/mean air speed in coolant

JA,= 36U= .0. g, 2 14,6 *jceK.

A1
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Key: (1). M/s.

12. Reynolds number for air
Re= d._. =_ 14,6-0,0 =14700.

V 13,93.i0r

13. Hat-transfer ccazticient from wall tc air for transverse

flcw around tubes of staq ered arrangement will be determined

according to to formula

X 2 18-10-2as-- AND 0 Reg - 1,1375.0,245 m* -----170
do0.016140 =

=--123 kcaA A ' ac T,

by Key: (1). kcal/mub 0C.

St 22

wbre coefficient c in"ahle 9 waen 2==1,375:
03= 1+013 =_ I + 0, 1 L--- 1,1375;

£ - coefficient in ia -e 9 as average for 16 series/rows:

0,15 + 0.20+ 14.0,255
16 -0,245;

n=0.6 - index of degree cn'aTa e 9.

14. Mean temperature or wall cf tube

t,,= 0,5 (t4 + tp) = 0,5 (22,5 + 9) - 15,75- C.

15. Temperature of tcundar2 layer from the side cf brine
'tp, = 0,5 (tt + Q =0,5 (15,75 + 9) == 12,0 C.

16. Rate of brine in tutas
2,8.2 0,0342 ce,.

~'U 2825d', 7nm 2825.0,0143.1,025. 18.16

Kpv: (1). r/s.

A!
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17. Reynolds number fcr trine

Re . 0142"0.014= 390,
S 1.23.10-

whepre ,,1,23.1074 at tr, =12.3 0 C (cnofable 6 cf

applicatiens/appendices).

* Page 113.

18. Prandtl number for brine
Pr,- " 'v " '"'" 10"6 -8,6,

a 5.15.10 -4

where =-5.15-10-' m2/h - coefficient of thermal diffusivity cf brine

• when trp (onlable (o aEpendices).

19. Grashof's critericn fcr trine

ge.s 9,81.0,14.I,16. 10-4.3
r ----2---- (. ,62. to50

' where 3=+1.16*10-4 1/oC - coefficient of expansion of water when trp

(on table 6 of applications/aiendices) ; Ut4-nI5-10,5-7,5=3'C

difference in tmparatuzes cf trine.

20. product GrPr=6250.8.o=5.,5-10.

21. Heat-transfer ccefficient from wall to brine for laminar
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flcw cf brine in tubes

%-0,74 Re '0.2 (GrPr) ° ''Pr0
.= 0,74 1.1 390" 53 Wn-1' .60.2

-=397 Kcxan1/M2-,tacC,

Key: (1). the kcal/m2-hOC.

where kv =0.5 a kcal/m-hour oC - thermal ccnductivity of brine when

trp according to thq data cf iLite G aplicatiCns/appendices.

22. Ratio of loangtb of tubes to diameter

1 0.485
0014 -34.6.

23. Correcting coetficienz s onlable 6: : =1.036.

24. Heat-.ransfer cceificient from wall to brine with

consideration correcticn factor

= ca = 1,036.397= 412 6).ms-qac °C.

Key: (1). kcal/M2 -h 0 C.

25. Coefficient of thereal cczductivity cf brass tubes X=90

kcal/m-hoC.

26. Coefficient of beat transfer frcm aix tc brine

k=
.-~~~ ~ d. ,,.._2.:

a, 'k-- 2d+wd

! . 0,015-0,014 I 2.0.016 .93 KKa /A'.# -vac6C.1 I .+2 +.9 42 0&'18+0.014

-t'
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Key: (1) . kcal/m 2 -h0 C.

Page 114.

27. Average/mean lcgarithmaic difference ir temFeratures for

crosscurrent of air and krine

( -f4)-- - t-) _ ,-(-_ 2,3.

2 3 18g t 2.31g 18-9
t- 4V

28. Necessary ccoling surface

Q 7800
11W -~=12-,M3-93 68

29. Actual cooling surface according tc Freliminarily taken

sizps/dimensions

F#= dJm. = 3,14.0,016.0,485-16-18 z 7,0 0.

In the cas. of cocling external atmcspheric air in the

calculation of coolant sbould be ccnsidered the moisture content of

air, and also the permissinle (Fre-cribed/assigned) mcisture content

cf the cooled air.

In this case with the execution of calculation is applied I-d
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the diagram of humid air '.

FOOTNOTE 1*. A. V. Nesterenxc, use/applicaticn I-d diagram in the

calculaticns of vsntilaticn, Sttcyizdat, 1950. ENDFCOTNOTE.

FI

'1
It

i • -I i IIIII I II .. . I I I _-_ 4l
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Page 115.

Chapter III.

Calculations of resistancas.

§22. Losses of head in tha aparatuses.

Losses of head in the apparatuses depend cn the presence of

resistances which must cverccae tne moving/driving mass of liquid cn

its path.

These resistances are of two xinds: a) the frictional resistance

of liquid against the valls, bb ch depends cr. the physical properties

cf liquid, its rate, frc the quality of surface and sizes/dimensicns

of the duct; b) local resistances, which appear as a result cf

changing the directicn cf mctict, and alEo as a result of a change in

the gecmetric fcrm of fluid flob.

With the course of liquids distinguish character their mctions.

In the rectilinear direction tie ucticns and during the sufficiently

coze of the liquid of its particle move rectilinearly and in parallel

to each other. This moticn is called flowing, or laminar.

i..~
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At hiqh rates, even in tae case of rectilinear direction, flow,

singl* particlqs thi liquius mcve aisorderly, cver the curved lines

and in different directicns, acrecver the particle path they

corstantly change. This iotia is called vortex/eddy, or turbulent.

Thq diagram of lauinar and turbulent fluid flows, which shows

the distribution of rates accordinS to the diameter of

conduit/manifold, is represented in Fig. 55.

ii
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I-

Fig. 55. Diagram of the lamindz and turbulent mction of liquid in the

K9y: (1) . Turbulent moticn. (2). Viscous *oticn. (3) . Relative

iistance from axis/axle to duct.

Pag q 116.

Ths criterion by wnicn it is jossible tc judge about the

charactqr of the state ct actior ci flow, is the value of Reynolds

number. The value of Reynolds nuater, with whcm occurs the transition

cf mode/conditions from lamainar to turbulent, is called critical, and

the rat- of flow, whicb corre-ccnds to a critical number, is called

critical speed.

Reynolds numbor (cr 6aynclds's parameter) is +xpressed by the

following formula:

• Re "d v, t ,,-

,e vd (188)

_ -
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where v - a rate of medium, m/s; d- diameter of duct, n; " -

kinematic viscosity, m2 /s; I - s~ecific gravity/weight, kg/u 3; -

dynamic viscosity, kgou/3; g=S.61 - acceleration of gravity m/s2 .

With:

Re<2200 - laminar flcw; 2iO0<He<ICQ00 - wobble; He>10000 - the

turbulent flow;

hus:

Number 2200 - lower critical Beynolds number.

Number 10000 - upper critical Reynolds rumber.

Loss to friction in tne stzaght/direct section of the duct

__L _ z.U' (.189)d 2r

where x - coefficient cf fricticn drag; 2- length of duct, m; d -

diameter of duct, m; v - rate of medium, m/s; 7 - the specific

gravity/weight of medium, Kg/m 3 . g=9.81 - acceleration of gravity

rM/s2 .

',A
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The local losses:

. Kp=- ',iM 2. (190)

where V. - coefficient cf local resistance; v - rate of medium after

local obstruction, m/s; 7 - tiae specific gravity/weight of medium,

kg/m 3; g - acceleration cf gravity M/s 2 .

Page 117.

Resistance in the tune systes of the apparatus:

h=z(0.o .V. (t92)

Kay: (1). water column.

where z - a number of ccurses of water in the apparatus; 2- length

cf tube, m; d - inner diameter cz tube, m; v - the average speed of

water in tubes, m/s; g - acceleration of gravity m/s2 ; -

coefficient, which considers zhe affect of mean temperature and rate

of water (it is accepted on of the curves cf Fig. 56); v, - velocity

of water in branch pipes, m/s.

In formula (191) the zlrst term in the brackets considers lcsses

of head to friction in the tutes; the second term in the brackets

7 considers local losses in tne tutes. Lossos in the tranch pipes of

apparatus are considered by tin latter/last member cf formula.
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Pig. 56 gives curves zor detezmining the value cf coefficient

in the dependence on mear temkerature and rate of water.

With the loads of lcwer thap the calculated resistance in the

apparatuses is determined ircm tc the formula

A" BOA. M. (192)

by Key: (1). water column.

where W, W' - consumpticn of water respectively with calculated and

smaller loads, m3/h; h, h' - nydraulic resistance respectively with

calculated and smaller lcaus, a water column'.

Hydraulic resistance of cajacitor according to the data of VTI:

A=z (bL' '  + 0.135v'- ),w BOA. CT., (193)

Key: (1). water column.

where z - a number of courses of water in the capacitor; b -

coefficient, depending cn the irnex diameter cf tubes and mean,

temperature of water t,.. deteraineo onfable 18; L - length of

tubes, m: v - rate of watax in tubE, m/s.

'I
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107 1~ 10 4i AO jj4t

Fig. 56. Value of coefticient 0 in depending cn mean temperature and

ratc? of watar.

K~y: (1) . rn/s. (2). Coe fficienz.

Page 118.

With a significant daviaticn cf tcv from 200C the indicated in

abl4 19 value b should te multiplied by valuc, 0=1.00O7 (tp 2 O0).-

Resistance in the intertube space of apparatus with the

transverse bulkheads:

1) in the passages kt~etwn the partiticns,'baffles

4f~vmlT ',
-2C (194)
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Key: (1). kg/mZ.

where f - a function of beynclds number, equal tc
(avq) -0.2.

1 0,75 A9Pr O2

m - number of series/rcws of rules, intersected by the flcw cf the

medium; y - th, specific gravity/weight cf medium, kg/2 3 ; n - number

a
cf gaps/intervals between the partitions/baffles; 9 - distance

(clearance) between the series/rcws of tubes, m; v, - rate of liquid

at the adge of partiticn/barfle, m/s; p - atsclute viscosity at mean

temperature of medium, kgos/mU; 9 - acceleration of gravity m/sz.

2) during the flov through the partiticrs/baffles

o.08ts, z . (195)

Key: (1) . kg/m z .

where z - a number of par jticns/taffles; u - the mass flow rate

through partition/baffle, equal to

It - V'j KZ' A-ceK;

Key: (1). the kg/m 2 s.

v- rate of the mediun abcve partition/baffle, m/s.

Fig. 57 schematically dejicts heat exchanger with the transverse

A
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bulkheads and flow chart fluid flow in its intertube space.

Resistance in the tubular beat exchangers with the course of

medium in the intertube space ir jarallql to the axis/axle of tubes

is defined normally, as for the case of the ccurse of medium cn the

straight/direct tubes wbrzey into the fcrmula is substituted

equivalent hydraulic diameter.

O -
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abli 18. Values of coeticient of b.

jdg.a Aim 4~ 1~ 1 81 201 2212412b 0,138 o1,0,11 0.01 o.o ur 0., o64

Page 119. The losses of bead of petroleum residue on 1 fin. m in

depending on rata and mean temperature of pstrcleum residue are

determined on the grapt/curve Fig. 58. The curves of graph/curve are

constructed according tc the data cf tests fcr the course of

petroleum residui M12, ?i0 and M40 in the steel tubes with a diameter

of 17/13 mm.

Losses of head on 1 lin. a tor the same trands of petroleum

residue with their ccurse in the same tubes %ith retarders depending

cn rate and mean temperature ct petroleum residue are determined on

the graph/curve of Fig. 59 whose curves are also constructed

according to the data ct the tests (about the ccnstruction/design of

retarders sep Page 56).

The losses of head of cil on I fin. m in depending on rate and

mean temperature of cil are determined cr the graph/curve Fig. 60.

Curves of the graph/curve are plotted according to the data cf tests

for the ccurse of oils cf branas I and UI in the copper tubes with a

diameter of 10/8 mm.

I
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Cs •~ r nm .r_ l -,Af? -U ' -L ' 'Tor1o;arig o M WM

. :,q Sol- - -- ---

Fig. 57. Flow chart of tluld flcw in the intertube space of heat

exchanger.

Fig. 58. Curves of icssGs of head of petroleum residue with ccurse in

steel tubes with a diazeter cf 17/13 mn.

Key: (1). The admiralty fuel cil. 12). heating cil. (3). kg/cmz,.

S(4). Avarage/mean tempezature. (5). m/s.

a:
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Page 120.

''::

Fig. 59. curves of 1csses oi bead cf Fetroleul residue with course in

steel tubes with a diameter ct 17/13 mm with retarders.

Key: (1). The admiralty fuel. oil. 42). Fuel mazut. (3). M~ean

tempirature. (i) . kg/cga.. (5). a/z.

-Atccully YF~aU.-Or r

- - -A'J~a

0,2-- -- T

v~t..J
GD, f, 1;7-

_L10/1,

~ I F'cj. to
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Pig. 60. Curves of losses of head cf oil with course in copper tubes

with a iiameter of 10/6 an.

Key: (1). Oil is turbine. (2). k /cmzm. (3). Mean temperature. (4).

M/S.

Pageq 121.

Resistancs in the beam of the ducts, washed by the cross flow cf

air (gas):

d
- t2

1) in the checkerea beams with e- = 0,53

44
3p 2,8 (z + 1) Re Jq cz /c 5 NAH -x- x Box (197)

Key: (1). kg/M2 or m H2 C.

2)ih t2 > 0,53

2. d~(i) -02 V

A -3,8 (z4- 1 I i /i N.1ON AN •. . BO. M; (197)

Key: (1). kg/M or ,m Bc.

• ~~2) in the corridor Le.ans with ,dt __ -I

,ap - " 0 .5 ( t i ') I R e " ' r ICZ/ A z S A.W1 a 9 01 M ; ( 19 8 )

Key: (1) _kg/m2 or am H2 C.

Iwith >1
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0,53( '0 2 z) Reo 72 ,, .I M ACV Bo. Cr., (199)

Ksy: (1). kg/m 2 or am HaC.

wheri u - an expcnent; ubens=4->1.24

,t- 0,88 (, - 0,1).-"

\td- I

when .-, -<1,24

( t, d o. t/ - 0,1 38 --I

,n=0,88 14 (2d t)-- - 31.

Resistance, which ccasiders correction fcr a change in velocity

head in ccnnection with a chance in the temFerature,

2(.-t,) 7V2  Q _
apt - + K2AZlU1 xIH AA BOA. CT. (200)• pV3 + 1,V -"

Key: (1). kg/m or am H2 C.

Page 122.

Here d - outside diameter ct tubes, cm; tj - space of tubes in

the series/row (in the hidth cf team), cm; t2 - space of the tubes

betwien the series/rows (in the aepth of beam), cm; t'2 - diametric

space of tubes, cm; z - number of series/rows of tubes in the beam; v

2 - greatist rate in the team, u/s; up - averace/mean air speed, a/s;

g=9.91 e/s 2
- acceleraticn cf gravity 7 - the specific gravity/weight
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of air, kg/m 3 ; ta - teu~ratuze of air upon the entrance, oC; f" -

temperature of air on leaving oC; H - ReyncIds numter.

Formulas (196)-(2CC) are diplied with Be frcm 6000 to 60000 and

cn spacings bqtween tutes:

1) for the checkered beams

d

2) for the corridor teans

0,2 - 46,5.

Formulas (196)-(200) are valid for resistances at the angle of

attack -I-q00 . With a deczease of the angle of attack cf

rcs-stance decrease. The values ct correcticn factor 9==q are given

*in Tabl 19.

Stgam resistance cf tne capacitors:

AM p. CT., (20t)

Key: (1). Hg.

- where u - velocity of valor in the capacitor, m/s (see formula (86)];

v - specific volume cf vapor, mJ/Xj ; - coefficient of steam

$; resistance:
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For the nonreyeneative capacitors with the laying cut of

the tube plate on the triangle ... 0.04.

For the nonrEgenerative capacitors frcm the combined by

laying out tube plate ... .

for the regenerative cadacitors with the laying out of the

tube plate on the triarla ... C.C18.

for the rqgenerativa capacitors frcm the combined by laying

cut tube plate ... O.01.

I4

dL
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'fable 19. Values of coriecticn factor for the angle of attack.

I O90 80 70 60 3040 30 10I

'I 1 0, I95 0,.83 0.69 0.53 10,38 0.13

Page 123.

maxcimum parmissible ressistaflce of capacitor. Normally the value

of steam resistance cf ca~acitcr must not exceed the data, given in

Table 20.

Precise calculatica of resistances cannot be fulfilled

virtually. in the critical cases resistarce must ba determined

*ex per in tally.
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table 20. Steam resistarca cz cafacitor.

Jluauep iouM A e caTopa D. . I's 2.4 3.0 C 3.0uwe

0.1lonyclaevoe conouTimeIe- 3.8 4,5 5,0 6,5
axe Ap, A. pT. CT.

Key: (1). Diameter of ca;acztor D, m. (2). It is more than. (3).

Permissible resistance AF, mm hg.

J23. Coefficients of fricticn azag.

Coefficients of fricticn drag can be determinqd accordirg to the

following formulas.

For the liquids:

1) laminar flow - fEjnclds number Re<220C

64 (202)wie

2) duct with the sicoth walls - Reynolds number Re4000000

0.3164

where R-3 - Raynolds numer- see formula (18E).

nhe values cf coefficient )., calculated acccrding to formula

(203), ire given in-fatiE I.

---?-- -
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tabl? 21. Values of coefticient x.

Re w k % ~e 03 A JReJ*-4J3 X IRL ( itr~ I Re 1o.-3f

2 0,047 10 0,031 50 0,021 2,50 0,014 700 0,0109'
3 0,0427 15 0,0 60 0,0202 300 0.01 800 0,0106
4 0,0401 20 0,02 70 0,019 350 0.013 1000 0,0100
5 0,037 25 0,02 80 0,0188 400 0,012 150 0,0091
6 0,035. 30 0,0240O 100 ,0177 450 0,0121 2000 0.0084
7 0,034 35 0,0,231 150 0,0161 C0 0.011. 2500 0,00'9.5
8 0, 40 0.0224 200 0,01 GO 0.011, 3000 0.0076

34 i

: i
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Page 124.

Fig. 61 gives ncacgram for determining the losses of pressure in

the dependence on the sfEed of watar and diameter of smooth tubes.

For the oil-products:

X 0,02 _7 (204)

',
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80

40
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51

56
*V

g-3: (1) 4'~r cm8. 49) V Z 4s.

Fi.6.mnga o eeana telse fha ntesIt

tue ndpnigo t Ae twtraddaee ftbs
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Page 125.

For th-9 air:
0,0011"

k-0.0125+0" O --- ,(205)

where d - an inner diasetar of zube, am.

For the water vapcr with ie from 0.S.10' to 7.106 and for liquid

with Re>100000

(1.74+2g f)(

where r - an inside radius cf tube, am; k=0.064-0.10 - absolute

roughness, mm.

For the gases and the water vapor with tubes with the rcugh

walls and Reynolds numter ae<50000C

0.1 Re- 0' * ,(207)

where d - an inner diameter of tute, am.

For simplicity of calculazicn we convert formula (207):

* *; =* - ; )-Re " .

Thi values X, and X2, calculated according to the obtained

formulas, are given in tables 29 ard 23.

A
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'able 22. Values X1 .

I )I J d I All_ -' J, I-
0.005 0.1656 0.070 0.1167 0.1o350. 1Ore 0,M) 0..01 .5 0,23 0,0970
0.010 0.1511 0,175 0.1156 0.140 0.1063 0, % 0,011 0,219 ,0 096.7
0,015 0.1431 0,080 0,1147 0.145 0.1058 0.210 0.10Mai 0.30 0.09 1
0,020 0,1378 0,085 0.1136 0.150 0,1054 0,215 0,I005 0.31 0.09MW
0,09-5 0.1346 0,090 0.1129 0.155 0,1050 0,22V 0.1002 0,32 0.09:)3
0.030 0.1305 0.095 0,1121 0.160 0, 0W6 0,225 0,099 0.313 o.919
0, M.5 0,1279 0,100 0,1113 0,165 0.1041 0,230 0,099 0.34 0.'Y45
0,040 0,1256 0,105 0,1105 0,170 0.1037 0. 2.V 0.',1 0.3,5 0,0911
0,045 0,1237 0.110 0.1098 0,175 0.1033 0,240 0.090 0,36 0.0936
0,050 0,1219 0,115 0, 1 W2 0,180 0.1028 0,215 0,097 0,37 0.0934
0,055 0,1206 0.120 0,1086 0,18.5 0, 102.5 0,250 0,09M'1 0.38 0.09 ,1
0,060 0,1191 0,125 0,1080 0,190 0,10 2-2 0,25,5 0.0980 0,39 0,092'
0.065 0,1178 0.130 0.10741 0.195 0.1018 0.260 0.097.5 0.40 0.09251

Page 126.

For the flexible hcses:

X - 2gko (208)

where g - acceleration cf gravity m/s2 ; k - ccefficient, equal to:

for thea vqry smcoth rutber hoses ... 0.0C086.

For the usual rutter hoses ... 0.000899.

For very smooth ones within the rubberized hoses/pipes ...

0. 000884.



* DOC =3004&0207 FAGB S q

For vqry rough rubteriz~d boses/pipes O.C01E3.

For the usual hemF boses/p.1jes .. 0.00213.

For the best leathei hicse,'ji~e . .0317.
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-Table 23. Values X,.

Re IH f AfRe I~rI 12 Re 10-f 12 Re ioAe 1
4 3,413 21. 4,364 38 4,762 55 -5,032 90 5,412
5 3.527 22 4,391 39 4,782 56 5.042 100 5,496

6 3.623 23 4.424 40 4,799 57 5.085 110 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 5,709
9 3,847 26 4,502 43 4,851 60 5,096 140 5,781

10 3,909 27 4,528 44 4,867 61 5,107 150 5,833

II 3,964 28 4,550 45 4.883 62 5.120 160 5,894
12 4,014 09 4,573 46 4,899 63 5,131 170 5,944
13 4,063 30 4.596 47 4,918 64 5,143 180 5,996

14 4.110 31 4,621 48 4,932 65 5.156 190 6,044
15 4.150 32 4,642 49 4,945 66 5,168 200 6,091
16 4.189 33 4.663 50 4,963 67 5,179 250 6,295

17 4,227 34 4.684 51 4,975 68 5.192 300 6,464

18 4.266 35 4.704 52 4.989 69 5,202 400 6,747
19 4,297 36 4,722 53 5,006 70 5,214 500 6,974

20 4.331 .37 4.742 54 5,015 80 5,319 600 7,1631

Page 127.

24. Coefficients of lccal resistances.

1. Values of coefficients ct local resistances in intertube

space of apparatus withctt parziticns/baffles with course of madium

in perpqndicular directicn to Lccation of tubes can be determined:

1) with turbul-nt and visccus motion cf gas4 (209)S-++,
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or

2) with turbulent lcticn ct liquid

C - 4f - - ; (210)

3) with viscous mcticn of hLiuid
C-106 1 (211)

Her- m - number of series/zcws cf tubes, arranged/located

F,4r ndicularly to the tiow cf tha medium;

- the absolute viscosity cf medium, kgos/m2 ;

a=t-d- distance (clearance) between thi series/rcws of tubes, m

(here t - space of tubes, m; d - cutside diameter of tubes, m);

v - the maximum speed ct tne zedius through the minimum cross

section, m/s;

p - density of medium, kc.sz/a4;

R- Reynolds number (in the zcrmula (188) ]:

f - coefficio.nt of Pxternai fricticn (according to the data cf Table

24) ;

S'
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- lenith of the beam cf tubes in the direction of flow, ma;

d,- hydraulic diameter, a acccxding to the fcrmula (173) ].

2. Values of co.fficiants ci local resistances for local

obstruc.icns of heat exchangets can be accepted cn Table 25.

:11
AJ
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"Table 24. Values of the coe±ficient of external friction f.

Re t CO t narpeva- Re oxzawzc.e- o arpesa-
rt all" ... ,,,,HII

2 30.6 11.3 6.58 1000 0,153 0,141 0.136
10 5.85 2,47 1,67 5000 0,104 0.111 0.t04
50 1,17 0,565 0,447 10000 0,098 0.102 0,095

100 0,630 0,315 0,275 15000 0.093 0,095 0,087
200 0.364 0,212 0,193 20000 0,088 0,090 0.082
53O 0,204 0,158 0,153

Key: (1). during the cccling. w). vith. (3). during heating.

Page 128.

The recuinmended in Tanle 25 ccefficients of local resistances

ars referred to the speed of medium in the tutes or between the

tubes.

3. Values of coefficients ct local resistances for different

local obstructions of manifclds can be deteruined acccrding tc tables

26. These coefficients are giver ±cr the speed cf medium after the

local obstruction.
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"Cabla 25. Values of the coetficironts of local resistances ~

L Hai.menoare uecuhoro rIPU9lCTHNX 0 aviapae Na 3HeOMH

(o o1iibie 11 ahaxoAlllde icamepm.... .. .. .. .. ....... . 1
('OnosPOT Ha 80' BHYTrPH xamepw npu ncpexoae M3~ oxoro
nyqxa Tpy60K 8 ApYro . .. .. .... ............. 2.5

(A70oaoPOT Ha 180' I1pM nepexo~e 43 oAuoi CeKQHi a 3py-
ryin 4epe3 KoJieo .. ............ ...... .. .. .. ...... 2,0

Ba a eXTPY6Hoe lPOC'rPaHCTBO nepneHAK~yaRPHO
.TPY6xa............. .. .. .. .. .. .. ....

0J "lepexoai in: mvioii CeKurn4 a apyryio itoA yrnioi o 900
a mewtpyduoss npocTpa Tee .. .. . . .. .. .. .. .. . .. . .2,5

C9)noSopoT iua 1,8OK iO.ao TOIIKOA flcperopoaIcI inyrpn ,4e*I-
Tp'6iioro npocTpiHCTa. .. .. ...... ........... 1,5

(9)rlonopo iia ISO- Bi V-o6pa3aOi rpV6Ke........ .... .. 5
60')n~aaime nepeiopo~oK, 1IojACP)KIsaIoptlIX TPy6ucN . . - 0.5
69liuWxoi1 113 -4eTpyGimoro IPoCTpaHCTHa IJOA yrAoa. 900 1.0

Key: (1) . Designation cf local ctstructicn ir the apparatus. (2).

* value of coefficient. (3). Tnput and downstream chambers. (4).

Rotation on 1800) withir chaaber/caaera upcfl transfer cf one team of

tubes in anothqr. (5) . Bctaticn on 1800 upcn transfer of one section

to another through qlbcw. (6) . Entrance intc intertube space it is

perpendicular to tubes. (7). iravsaticn cf cne secticn to ancther at

angle of 900 in intertube space. (8) . Rotation cn 1800 about thin

parti4tion/baffl-a withir iatertute space. (9) . Rctation on 1800 in

V-shaped tube. (10). Bending or jpatitions/taffles, which suFport

* tub.-s. (11). Output from intertutk space at angle of 900.

~~7
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Paqe 129. Table 26. Coefticient.r oi local line resistance.

H aII,,,I,.an,: 1L'.2~opuyJa ,, ra6an,mi jxaqcn,i KO34IIcHTa

flcpcxoAlbail
PaMCXO aRIl II

xc,,)'¢ At. ' I' / 0 At 9

fI 1° '20 I.3 1000 1,o6
F1 50 0.132041 43'0.98701310 fd(

I0'4 0.17 300 0,71 50? 1,03 800 1,10 1200 1.05
150 0,25 400 0,90 600 1,12 90- 1,07 140- 1,04

flepexoAH7i0CA°-'* J R B
E0417 C 0,16j0.26J 0,18 10,2010,22 10, 24 O 2J6J028

pacWmpeime F _ _

L I10,910.8 0.7 0,6 0.SLO410.310,210,1C 0 10010400I 1 0.160250 0,49I0.(A!0.81 I

- cynceHHe ? of.01 0.1 0.2 0,3 0.4 5 0,6 0.7 0,8 0.911.0

E 0 0

01 -. 0-0--- 0
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continuation "abl% 26.

(M)nua~prma FO .~.~.!.~.I.1.
a Tpyde 2 0.1 0,2 0.3 0,4 P.5 0.6 0,7 Ole 0.9 1.0

" ~" 226147.8117,1 78 1 ,80 0.S0I0.29 0.06 0.00

a) ciyqaA *cosepUeHoro" czaTn (FI > 20F0)

S01.I1 0,2( 0.31 0.41 0.51 0,6171 0.8j 0.9 1,0

axo~e a -p ~ 232 51.0 19.819.6115.2613,08 1 I88j 11171073 0.48
rlT, ,. (io0 6) c yqaii .Hecoaepmenuioro" CM&TaT (F, <2OF)

- , 0F2 (3Haqemite E oupe~eaeHo unNe)

. 1 0.2 0.31 .4 o, j. 0.6 0,7 0.8 0.91i.0

E 10621 06310641 0,661 06810.71 10761O.0.8 f 0

Key: (1). Designaticn and draft. (j). Formulas and table of values of

coefficient. (3) . Transient divergent core. (4) . Transient ccnvergent

cone. (5) . Sudden expars cn. (6). Sudden contraction. (7) . Diaphragm

in duct. (8). case of "ideal" ccapression. (9). Diaphragm upon

-ntranca into duct. (1C). case Cf "inadequate" compression (F 1 <20Fo)

;=( F2 /EFo-1) 2 (value E is derarmined below).

Paqq 130.

! 25. Dischargo coefficients.
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During the discharge tne liquids frcm the cpenings/apertures of

various forms take the ilace ci the losses, which decrease the real

fluil flow ratq, computed frrc roraula (89), and the real discharge

velocity, determined accczding tc formula (78).

These losses depend on the cczprsssion cf liquid jet, i.e. by

the lecrease of sectior, ana ty the appearance cf friction in the

cpening/aperture with the d;.scharge from it of real liquid.

Real expenditure and spead of liquid are calculated taking into

account the losses which are estimated by meats cf the introduction

to calculation fcrmulas (7d) and (9) discharge coefficients in the

form of factors.

By the discharge ccefticie-t they imply:

1. The contracticn coafficient a, equal to the ratio of the

sectional area of jet tc the area cf the opening/aperture from which

escape/qnsues liquid.

2. Velocity coefficient 0, e4ual to ratio of real discharge

v 'lccity to theoretical taxing into account friction in

V
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opening/aperture.

3. Coefficient of expenditure , equal tc product of contraction

coefficients and speed.

4. Drag coefficiert d, deteuined in 24.

1I
A



DOC =80040207 FAGE

* Page 131.

labl, 27. Values of discharge cceticiants.

Hajeeouanne N2 1aqemeeu xo3epitHafwon

RcnaepT!e a TONRXd

.:0,62 0,97 0.64 0,06

JAemnwa macaxoK

0.82 0.82 1,0 0,3

0.48 0,48 1.0-

H&CaAoeK SOPAAt

*0.71 0.71 1,0 1 ,0

Hacazo. no Oope..

0.97 0,97 2,0-
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!3aant euTy'pN * 0. iO° I 20 W 40° I~ 50° i

nOA yr.OU J 2 0

- ja 0,815 0.80 0.782 0.764 0.731 0.731 0;719

(q) Haitayqtu A yroA KOIyCHOCTH 13

K oK H qeC xnA IIaC IJI K - 1 , , I a 1 -1 I a t

0- 0,829 0,829 - 16- 0.938 0,969 -

9i 0,852 0.832 - 200 0,92'2 0,971 -

3- 0,892 0,92 - 1 250 0,908 0,974 -

50 0.9,2 0,92 1.0 300 0,896 0,975 -

100 0.937 0,949 - 350 0,883 0,977 -

130 0.945 0.961 0.99 450 0,857 0,883 0.88

"The dsignations: P - coefficient of the expenditure; * -

vqlccity coefficient: - drag coefficient; i - contraction

coefficient.

Key: (1). Designation and dratt. (2). Values cf coefficients. (3).

Opening/apertur . in thin wail. 14). Venturi's lcng nozzle. (5).

Nozzle. (6). Borda mcuthpiece. 7). Nozzle in fcrm cf compressed jet.

(8). Venturi's nozzle at angle. (9). Best ancle of taper. (10).

Conical nozzle.

Page 132.

The values of discharge coefiicients fCr the various forms of

openings/aperturss and nczzle are givqn ii1 takle 27, dependence

K'
...... . .: ......... .. . ............ , .'. i

- '
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bptween the coefficients S and #Aid, between the coefficients a, $

and £- in the formulas:

? V- +C P2 ' (212)

where F, - an area of ccntracted section; F z - area of

cpqning/a perture.

The values cf ccefficients tor the SrK&LL ofefare close to the

following: C=0.06; O=O.S7; e=0.64; P=0.62.

.1

.'
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"T~able 29. Dependence betucen the ccefficients 9 and 0.

0.02 0.99 0.15 0.93 0.50 0.82 1,50 0,63 4.50 0,43 9.000,32
0.0. 0.98 0.18 0.92 0.60 0.80 2,00 0,58 5.00 0,41 10.0 0,3
0.06 0.97 0,20 0.91 0.70 0.77 2,50 0,54 5,50 0.39
0.08 0.96 0.25 0.89 0.80 0.75 3.00 0,50 6,00 0.38
0.10 0,95 0.30 0,88 0,90 0,73 3,50 0,47 7.00 0.35
0.13 0.94 0.40 0,85 1.00 0.71 4.00 0.45 8.00 0.33

!-
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Page 133.

Chapter IV.

EXAMPLES OF THE CALCULAIICNS OF BEZISTAHCES 11 APPARATUSES.

§ 26. Calculation of resistances ir the tube part of the apparatuses.

Hydraulic resistance of cajacitcr.

Initial data for the calculaticE (irom the thermal design).

Expenditure of cocling wazer D=150 t/h.

Spepd of cooling water in tha tubes with v,=1.6 m/s.

Mean temperature ct cc¢ing water tp =24.2 0 C.

The specific gravity/welqht ct ccoling water 7=1.025 t/m3.

Numbsr of courses c¢ water in tubes z=2.

Length of the tubes bvtweea tpn tube plates 1=1.35 m.
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Thq thickness of the tube ilate is s=0.02 m.

Inner diameter of tuDas d,=0.014 m.

Course of computation.

1. Inner diameter of inlets aad yield of water is taken d1=0.15

2. Speed of cooling water in cranch pipes

D,. 150W -- 2,3 xcxD82 S.0, It2.'25

Key: (1). a/s.

3. Overall length cf tubes

L==L+2s= -1,35 + 2.0,02= 1,39 A.

4. Value of correction factor 0 for mean temperature and speed

of cooling watqr (on grapa/ccrve Fig. 56): p=0.965.

Page 134.

5. Hydraulic resistance ci ca&acitor
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(=zo,o31 p + 1,4 +--

-2( 0.031 '39  • 68 0,965 + 1,4 + 2.3 =
,014 -1-,8 2.9.81 ) .3'8

= 1,41 aM UA CT.

Key: (1). water column.

Hydraulic resistance oi capacitor according to the formula VTI:

h =z(btV,. + ol35vI)m

S2(0,138-1,39.1,6'7 + 0,135.1,61j = 1,48 a w&+ter Cr-olavn%

whcera b=0.138 - the coefficient, depending cn the diameter of tubes

d. and mean temperature ct cccling water t. determined on Table 18.

Hydraulic heater resistanca of feed vat.r.

Initial data for the calculaticr (from the thermal design).

Spssd of water in tha muas with v,=1.7 i/s.

The specific gravity/weight ct water y=C.974 t/m3.

Number of courses ci water in tubes z=6.

Average/mean length of tutes in the course cf 1=1.8 m.

tI
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The thickness of tne tube ilate is s=0.5 m.

Inner diameter of tune d,=0.13 with m.

3eynolds number Re=56diC.

Course of computation.

1. Overall length cf tube in course

L-I+ 2sfi 1,8 + 2.0,05 1,9.

2. Coefficient of tricticn drag for water
0.3164 0.3164-- = 0,0205.

3. Losses to fricticn in straight/direct secticn of tubes

ZL 1 .1.9 .72 .974
.- - 0,0'205-.-- -".1 2600 PCl/M.

Key: (1). kg/m 2 .

Page 135.

4. Local losses during zctaticn on 1800 in V-shaped tube

gu1T 6.1,72.974
AP.=s,-2C---O,5 2.2..,81 -215 is /M,

where C=0.5 - drag coefficient during rotation in V-shaped tube (on

"'a b le 25).

5. Local losses tc roraticn in chamters/cameras upcn transfer of

Lit
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one beam of tubes in ancther

a u1A = 2. 7.9
ti 2C,-~-~=C 2 -T ,S =717 fs,

wheri C2=2.5 - drag coel±icient to rotation iv chamters/cameras (cn

Tabls 25).

6. Local losses in input ana downstream chambers
1,7 2.974

&p = (s2-- = 1,52 2.9.8 430

where C2=1.5 - drag coefficient in input and dcwnstream chambers (on

-able 25).

7. Hydraulic heater resistance of feed water

h (ap, + ap, + Ap, + Ap,). 107 -

=(2600+215+717 + 430).10 ."-- 3,962 xg LoM.*r fOcuc.w.,' •

Hydraulic heater resistarce ot fuel/propellant.

Tnitial data for the calculaticn (trom the thermal design).

Brand of the petrcleum residue: sailor /20.

Speod of patrol.um residue in the tubes with retarders v=0.83

n/S.

Mean t-mperature cf patzoleum resilue 4P =55 0 C.
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Inner diameter cf V-snaFeu tube d,=0.C13 with m.

Average/mean length oi tuces in the course of U=1.03 m.

Number of courses oi ketroleum residue in tubes z=6.

The thickness of the tube ilate is s=0.0-15 m.

Course of computation.

1. Overall length cf tube in course

L=1+2s-1,03+2.0,035-11 A.

Page 136.

2. Losses of hiad cn I li. a in tubes with retarders and

chambers/cameras in deperdirg cr sEee4 v and mean temperatures t4 of

petroleum residue cf ,N2C are determined cn graph/curve Fig. 59:

Ap==fO,21 K3IC.i ,.

Key: (1). kg/cm2 .m.

3. Hydraulic heater resistance of fuel/rcpellant

h - ApLz =O,21.1,1.6 1,39 s/l L

Steam resistance of steam ccclex.
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Initial data for the calculdticn (from the thermal design).

The speed is steam ia tubes v, =49 rn/S.

Specific gravity/weight is steam T, =3.22 kg/m 3 .

Number of courses cf steam in tubes z=2.

Average/mean length Gz tubes in the course cf 'L=0.53 m.

Inner diameter cf -snaped tune d, =0.C- 1 rA-

The thickness of the tube ilate is s=0.025 m.

Number of Reynolds Re=IC8500.

Course of computation.

1. Overall length cf tube in course

+L+2=O,53+2.0,025 0,58 .

2. Coefficient cf fricticn drag

0. .08] Re_ -0,10 0.08188
---- R,03P- - 108500 0,0263.
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3. Loss to fricticr in straight/direct secticn of tubes
iL e 2.0.58 4 .3,22Ap= A-. .- =0,0263 2.oi .. 9,22 =923k%/2l.
, F 2Z .1 298

4. Drag coefficiert to rctation of steam in tubes (on Table 25)

,=0. 5.

5. Local losses duzing rctaticn of stpam in tubes

, 0 Tm 05 49.3,22
I -P--J2 %1 0 .,5 -T -- 197 k

6. Drag coefficient in input and downstream chambers (on Itable

25) 1

Page 137.

7. Local losses with ttrance into chambers/cameras and cutput

cf them 2 .T 2.492-3.22
Ap 1 5 -2.9,81 = 1180 k5/M .

8. Steam resistance oz steam ccoler

A = (ApI +Ap + _Ap,) 10-4=

-(923 + 197 + 1180) 10-4=0,23 k5/c- '

§ 27. Calculation of resistances in the intertube space of

apparatuses.

I!
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Steam resistance of caracicr.

Initial data for the calculdticn (irom tle thermal design).

Quantity of that ccndensing steam G1=270C kg/h.

Quantity of condersate, which enters the capacitor, G2=1640

kg/h.

Enthalpy of condensate qa=1 3 3 . 4 kcal/kg.

Condensation temperature uf steam t, =53.6 0C.

Inner diameter of tke icusing of caracitcr D,=0.592 m.

Outside diameter of tutes d.=0.016 m.

Space of the locaticn of the tubes with t=0.026 m.

Distance between the tuoe Fiazes 2=1.35 a.

Solidity/loading factor ct tuce plate 76,=C.73.

A ...
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We datermine (on rable 1-3 oz appiicaticns/a~pendices).

Heat of vaporizaticn when t,, equal to r=566.9 kcal/kg.

Specific volume of stedu wnn t, equal tc v, =10.2 m3 /kg.

Course of computation.

1. Quantity of that is fcrmed frcm ccndensate,

O& . G(q,-4) 1640(133,4-S, Mr , = 230 Izlcc.
Key: (1). kg/h.

2. Total quantity c± steam in capacitor

Q7-(7s+02=2700+230-.2930 IK5/k.

3. Speed of condensable steam in capacitcr

2930. 10,2 -22* ~eooo.~wz..33o(,6 =22.-'/s

Page 138.

4. Coefficiint of steam reaistance for ncnregenerative

capacitors with laying cut cf tubes in triangle according to given

I]

A!



DOC = 80040207 FAGE

formula (201) p=O.O.

5. Steam rqsistance of capacizor

AP 0,04 _. ,9 A pT. CT.

Key: (1). Hg.

Hydraulic resistance of steam ccoler.

Initial data for the calcuiaticn (trom the thermal design).

Speed of water in steam ccclex , =C.79 m/s.

Inner diameter cf bcusing D,=0.28 m.

Area for the passage of water in the intertube space f=0.01875

U.

Number of tubes in course n=53.

Outside diameter cf tunes d,=17 m.

Average/mean length oz the team of semi-1-shaped tubes with

1=0.53 m.

.. .. '..- . iii,,-- , . . --- I - - r[ -
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Number of courses cf water in housing z=2.

Tha specific gravit/wegiit of water T, =937.3 kg/M 3 .

Dynamic viscosity ct water pzi2 .2-C -6 kg-s/m2 .

Course of computation.

1. Equivalent hydraulic aiameter of one course (half intertube

space)

d, 4f
z(0,5D. + d,) + D.

4.0.01875
3,14 (0.5.0.28 + 0,01753) + 0.28 = 0,0209 .

2. Reynolds number for warer

Re- 'd,#,___ 0.79.o.o0 o.g3703Re P2,22.I -0 .9,81 71000.

3. Coefficient cf fxicticn drag for water

0 0.316 0.3164 -0,01935.

4. Losses to fricticn in straight/direct secticns of intertube

space
V 2 , 2.0.53 o.7 .937,3

6A,- a-- 0,01935 - . -.. g,3 Ir/,,.

Page 139.

5. Drag coefficient during rotation on 1E00 in intertube space

'\,I

'A.-
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(on Trable 25) C,=1.5.

6. Local losses during rotaticn of flow cn 1800
V21.M 0.792-937,3 _.9,si 44,7 / "

7. Drag coefficient upcn entrance into intertube space (on

'abl9 25) 92=1.5.

8. Drag coefficiert cn leaving from intertube space (onfthble

25) ;3=1.0-

9. Local entry loss intc inteatube space and output from it
';bm 0T:O..3

(+C9)-9- (I1,+ o) 0,-.3 74p5 to

10. Hydraulic resistance oz szeam ccoler

t _(Ap 1 + Ap, +Ap,) 10f
-3

-(29,3+ 44,7 + 74,5) 10-3"-0, 1- i, t+'r column.

Hydraulic resistance of cil cccIer.

Tnitial data for the calculaticn (from the thermal design).

productivity of oil cccler D=16 t/h.

The length of the edge (cbozd) of partition/baffla is s=0.366 m.

Space of the locaticn of the tubes with t=13.5 mm.

AA
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Outside diameter cf tubes d,=10 with m,.

Distance betweqn the uousing and wing tutes with y0=15.3 am.

Number of series/rcws cf tutes, intersected by flow, m=18.

Number of gaps/intervals tetween partiticns/baffles n=12.

Distance between the partiticas/baffles h=0.09m.

The average speed of oil tetween the partitions/baffles v,=0.307

m/s.

The average speed cf oil atcve the partiticns/taffles v2=0.307

* u/s.

Kinematic viscosity ot cil cf brand T at mean temperature

v=57*10-6 m/s.

The specific gravity/weight of oil at mean temFerature 7=879

kg/M 3.
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Area of section fcL the Fassage of cil above partitions/baffles

f2 =0.0164 ,.

Course of computation.

1. Size/dimensicn cf clear cpening for Fassage of oil at edge of

partition/baffle

bu-a- s-2N,-dad

-0.366 o,36-- 2.0.0153- o.of 0
011,0 =016S

Page 140.

2. Sectional area tcr jassage of oil at edge of partiticn/baffle

A=bh= 0, 116- 0,094 = 0,0109 '.

3. Speed of oil at edge of jartition/baffle
D16 0 462 l

&MAYJ-- i- = 350.0,0109.0,879 0, a/s

4. Function of Reynclds nuater

f -0,75[V (t-do) -0O, 75 [ 0,462(0,35-'0.01) 02 0,38"4.

5. Losses of head of oil i.c passages between partitions/baffles
- 4/mvs == 4.0.384.18.0,42'.879.12 =3200

2 = 2"9,81

6. Losses of head cf oil durzng flow thrcugh partitions/baffles
"; ~~Ap,- 0,0815z,22( - l) =0,0815. 0,3o7,. 879 (12 - 1) 74 0.5/-0'.

7. Losses of head ci cil with entrance intc intertube space and

cutput frcm it

-p -=+ , ) -- (1,5 + 1,0) 3.9.8 = 10,6

+ 9 .a -,
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C,=1.5 - drag coefficient upcn entrance Intc intertube space (on

-Tble 25); C2=1.0 - drag coetficiant on leaving from intertube space

(on "rable 25).

8. Resistance in intertuce sjdce (oil cavity) cf oil cocler

p = ( p + +p, +pS) 1074=

-=(3200 + 74 + 10,6) 10- 4 = 0,33 .5/ ",.a.

Aercdynamic drag of air cccler.

Initial data for the calculatcn (irom the thermal design).

Outside diametqr ci tubes d, =16 mm.

Space of tubes in the series/row (in the width of beam) t1=22

Space of tubes in the depth or beam t2 =20 m.

Number of sqries/rcws cf tctes in beam 2=16.

Avarage/mean air siEed in the coclart v=14.6 m/s.
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Tqmperature of air ujon entrance t1 =27
0 C.

Temperature of air ca leaving t2 =180C.

Mean temperature ir ccclarc tv =22.50 C.

Thq specific gravity/waijaz oi air 7=1.155 kg/M 3 .

Reynolds number Re=14700.

Page 141.

Course of computation.

1. Diameter pitch c± tubes of checkered tundle

e. (AJ)' 202 = 22,9 Aml.

2. Value
t -dit I - 6/22.9

,d,- = = iw-- 0,8 >0,53.

3. Resistance in checkered bundle of ducts, washed by cross flow

of air, when a >0.53

Ap-3,86 (z + 1) V Re - =

14.61 .155 --6, a. r c l. n
3,86(16 + 1) 0,8.14700"°'700 66,5 Ax at C
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4. Resistance, which ccnsiders correcticn for change in velocity

head in connection witt cbaze i.t tem erature,

2_ (1- _t 2(27- 18) 14,6..l06- 7 6

273+- f t  273+22,5 -9.81 0,76 A'2 w9.*r C01tL m

5. Aerodynamic drag oi aiz ccoler

Ap =Ap + Ap= 66,5 + 0,76 67,3 Am wLet el -* "
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CHAPTER V.

Materials and their desicn characteristics.

At present in the practice cz the manufacture of different

apparatuses and vessels the widest acceptance obtained welding as the

most rational and cheap jrcducxicn method, which ensures good quality

of production and safe cleraticr.

Therefore all given below data will relate in essence to the

materials, used for the weldEd apparatuses and the vessels. The types

of weldid joints in the ship-building are applied acccrding to the

appropriate standards.

28. Steel.

The materials, used for the aiparatuses and the vessels, which

work under the pressure, must contain (according to

controlling-chqmical analysis fcr any steel) rot more than O._o/c C -

during the use/applicaticn of an electric welding and nct more than

W
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0.35o/o C - during the use/ajlication of cther means of welding, or

to satisfy the requiremezts of the corresponding standards.

For manufacturing the shipkcard heat exchangers steel is applied

mainly in the form of rclled stcck, castings and forgings.

The parts of apparatuses and vessels, wcrking medium of which

are vapors, condensate, cii, ictcleum and air, are fulfilled made of

carbon steel, if thay dc act undez9o the straight/direct effect of

sea water. For the welded steel hcusings, the bcttoms, the

covers/caps and cther parts, which work under pressure, is applied

sheet steel of brand St. 3, while tor the parts cf less

critical/heavy-duty cnee - steel St. 2. The steel cast covers/caps,

flanges and other parts are cast made of steel on GCST 977-53. For

the steel tube platis, the flanges and other parts in the ma~crity cf

the cases is applied steel St. 4 ard less frecuently St. 5. Steel

tubes are fulfilled by seaaless ones or seamless-rolled of carbon

steel on GOST 301-50.

Page 153.

The parts of apparatuses, which require the increased strength
cr the necessary and set±lcient ccirosive resistarce, and which alsc

undergo the acticn of tign teijexatures, are aade 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 ths basic jaits ox heat excharcErs and vessels, are

given in Table 29-37 ard cn Figs. 62-67.

Ii
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Table 29. M.echanical pr,-perties of shaped castings from carbon
steel (according to GOST )77-53).

IpeAe rlpeAe OTmoc.Tcbioe nlonepeiioe
Mapxa npOmHOCTN TeKyqecTm yRAHeHHe caaT~e
". q, xz= 4 as *, "1z.uv2  % 4, 010

___( le meNee
15JI 40 20 24 35
20.11 42 22 23 35

25A1 45 24 19 30

30.11 48 26 17 30

35, 50 28 15 25

4011 53 30 14 25
451 55 32 12 20
,5I" 58 34 II 20
5511 60 35 10 18

Key: (1). Trademark of steel. (z). Limit of strength kgf/mm2 . (3).

Yiqld point kgf/mmZ. (4). ilongation per unit length. (5). Lateral

contraction. (6) not less.

Table 30. Mechanical prcjerties of steel casting at elevated

temperatures.

W Temnepa-yp.C 1c20 100 12D01300 400 50

nIpeA. npo.UIocr 0. K*JcIus 4165 4567 5253 5052 4043 2365

rlpeaea TexyecTm e. xzc/CA 2375 2156 2186 1911 1384 -

YLSNenne B. #of 28 16 18 25 36 64

Rlonepe4oe caKuCae 4, o 57 46 41 48 63 81

Key: (1). Toemperature, 0 C. (2). Limit of strength kg/cm 2 . (3).

Yield point kg/cm2 . 4L4). f1cngation 6, o/c. (5). Lateral

contraction.
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* Page 144.

Table 30 gives the secaanical properties of steel casting (with

content of C - 18c/o; Mn - 0.36c/c; Si - 0.2Fc/c; S,++u - 0.29o/o

wit! the duration of testing 40 win.) at elevated temperatures.

Th4 physicomechanical pioperties of the metals, used in the

apparatus constructicn, are Siver in tables 3E.

Is most negatively strength ard safety cf the ucrk of

apparatuses affect high temierature and corrcsicn - phenomena, which

are most frequently enccunterea duzing the cperation.
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Tables 31. [echanical rrcperties ci forgings Eade of carbon steel (on

GOST 2335-50).

) (3) npLeA nreitew TsepAoCTb

Kaacc AameTp Mapica fpOqHOCTh TeKy4cclri no Bpucuam
nOKOSnx NOKOKII., CTaam 2i. K. x a, K2.1iCas He

(7/ IN .. e) o m6a

100 35 20

1 100-300 15 34 17 143
300-500 33 15

100 40 22

I00-300 38 20
300-500 37 19
500-750 36 18

fit 100 ,5 43 24 170

100-300 40 22

100 48 25

IV 100-300 30 47 24 179
-100-500 46 23

500-750 45 22

100 52 27

100--30 3 50 26300-5)0 48 24

500-750 46 23

Key: (1). Class of fcrgian. (.). ciameter of forging, mm. (3).

Trademark of steal. (4). Limi cf strength kgf/mM2 . (5). Yield

point kgf/mm2. (6). Hiardness according tc Erinell. (7) not less.

* (8) nct more.

A
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Tablqs 32. Mechanical ircperties of steel tubes (acccrding

to GOST 301-50).

f RpIuex OTHOCnT ebHoe yAmAHHHeI, Ofi

Mapa npOqHOCT ( 3/

as(l) N. NeHee

10 32 24 20
20 40 20 17

35 52 17 14
45 60 14 12

(C. 2 34 24 20
r. 4 42 20 17

fCT. 5 50 17 14
CT. 6 60 14 12

Kay: (1). Trademark cf steel. (2). Limit of strength kgf/,z2. (3).

Elongation por unit length, c/o. (4) not less. (5). St.

TablA 33. echanical prc~erties ot carbon hct-rclled steel of the

usual quality of group A (cn GCSI 380-50).

I. ) ripeaei flpcca OT 'ocHTe.T6Hoe YILNHMIe, OO
MapKa tnpo ffOCTH rTyecrnC _

0C.0 32-47 19 22 18

C. 1 32-40 - 33 28

CT. 2 34-42 22 27-31 23-26) Ct. 3 38-47 24 25-26 21-22

CT. 4 42-52 26 21-24 17-20
CT. 5 50-62 28 15-20 13-16
CT. 6 6-72 31 13-14 11-12

I'C
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KVAy: (1). Trademark cf steei. 4 ). Limit of strength kgf/g22. (3).

Yield point kgf/mm2. 44). Elca-gation per unit length, 0/0. (5) nct

loss. (6) . St.
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Page 146.

Tab13 34. Mechanical prcFariis of carbon structural steel (cm GOST

1050-52)

- (X) (IpCeC.. 1(3) lpctea jO TnOc 'Ab IlOe

MapKa npotioc, (I' TCxyqeCT V)yxymiHeHne
CTa.IH =h. ZI.MW2l I 4'S. K l ,  55 .%l

_(,_s) je meaee

i0 34 21 31
15 37 22 27
20 41 25 25
25 44 28 23
:0 .18 29 21
35 52 31 20

Key: (1). Trademark of steel. (2). Limit of strength kgf/nmz. (3).

* Yi.Id point kgf/mmz. J). Elongation per urit length. (5) nct

less.

Table 35. Mechanical prcerzias or steels at different temFeratures.

o CT. 3 CT. 4 =CT. 5 C. -3

20 35-45 19-25 1 " 55 30 d'5 36
200 15 Is 43 21 55 23 - -

300 32 15 42 17 52 19 65 25
350 28 13 38 15 48 17 ILI 21

400 2 | I ! .1 13 12 15 46 17

450 20" 9 :12 I YS8 13 39 13

500 1 16 7  
9 1 28 II 33 12

Key: (1). Temperature cf zestiry, oC. (2). St. (3). Limit of strength

Ilkp
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(4). Yield point kgr/mua.

Tabla 36. Mechanical prcEerlts ci carbor stzuctural steel at

elevated temperaturps.
(3)n ) ()lpcjeji flpcAC.! TeX~.% n. 11UR1,. KZ'f' 11Piw TvmncparyPS1

u ~ :pti 200 C, I
- le,, 0 200 5I 350 400 450 500

10 34 18 16 14.5 13.5 11,5 10 8 6

Is :2 20 17.5 16 14.5 12,5 11 9 7
20 40 22 19 17.5 15.5 13.5 12 10 8

5 .13 24 20,5 18.5 6,5 14.5 13 II 9

30 .18 26 22 20 17,5 15,5 13.5 11,5 9.5

35 52 28 24 21.5 19 17 14,5 12.5 10.5

Key: (1). Trademark of steel. (1). Limit of strength with 200C,

. kgf/mZ. (3). Yield point xgt/51 2 , at temFeratures.

Page 147.

Temperature effect cn tha strength is ccrsidered, beginning with

230 0C, with a reductior/descent in the allowakle stress for steel.

* Allowable stresses zor steel cf brand St. 3 in the dependence cn

the temperature are given in PFig. 2.

For steel St. 2 stresses must be respectively Icwered/reduced.

For stesl St. 4 stresses at teamE;ature iore than 300 0C cannct be

increased in comparison with the stresses/voltages for steal St. 3
Fig. 62.

A
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Table 37. Nechanical prcierties ct some alloy steels.

Mapica flpeaeA flpetea OTHOC ITe.,bUOcraaI npOqIHOCTH TeKyqecTa yA.HeHHIe

1xI18H9T 50-60 20 40
(39lT)
3OXMA 80--90 60 14
CXJI-4 54 40 18

35X 1 95 1 75 10

Key: (1). Trademark cf stel. (z). Limit of strength kgf/MM2. (3).

Yield point kgf/mma. (4). Elcnqation per urit length.

Tables 38. Physicomechanical crc erties cf metals.

m' -j 1
'**J *1

n fyaccoea

Claub yr.e- 7.85 1.25 45 2.0-2.2 8,0-8.5 0,3
(?)polINcra-
CThIb ,xe- 7,85 1,2 15-22 2.09 8.1--8,4 0.3

'4yrys U4/ 7,0-7.4 1,1 54 1.0-1,2 2.9-,5 0,27-0.15
Meab (") 8.9 1.73 320-31 1.1-1.3 4.1-4.9 0.32-0.35
.rymo. (1 .) 8.6 1.9 7.1-90 0,65-1.0 3,1-4.1 0,3.
spoon (13) 8.8 1.8 51 0.9-1,2 3.8 0,34
HHCAb P ) 8.9 1.3 s0 2,05 - 0.33
AXIOU1451 2.7 2.4 175 0,68-0.72 2,5-3,5 0.363
UNC /74) 7.15 1,65 95 0,9-1.2 3,7-4.1 0.205
OAoB O170 7.3 2. 2 96 0,4 1,6 -
XQabXnop0I 8.9 1,6 25 0,85 -- --

SKtay: (1). Material. (2) . specif.ic gravity/weight -y, g/cm3. (3).

Coefficient of linear exlansicn 1U5 a on 10C tetween 0-1000 C. (4).

r. " "
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Coefficient of thermal ccaio~c;.Lwity X, kcal/seh0 C. (5).

Moaulus/module of elasticity 1U-6 1, kg/cu 2 . (6). Mcdulus of shear

10-s G, kg/cm z . (7). Pcisson ratio. (8). Steel carbonic. (9). Steel

nickel. (10). Cast iron. (11). Ccper. (12). Erass. (13). Brcnze.

(14). Nickel. (15). Aluminum. 116). Zinc. (17). Tin. (18). German
I silver.

[

4,
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Page 1148.

IN I

JAW.
#1

* Fig. 62. Allowable stress Cr steel St. 3 in dependence on

tempe rat urR.

Ksy: (1) mq/cmz.

4.7 ITk1

MirJ0t - YUi/ Uffmj*iAvk
,7AE~C2,S~Mf . 4 455h/*im

3-

Fig. 63. Allowable stresses in different steels in depending cn

tquperature.
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Key: (1) kgf/mm2. (2). Seamle.Es forged drums and forging-carbcn. with

2.5o/o mi. (3). boiler plate cartcn. with 2.5cIO Ni. (4). Tubes

jointless. a) medium carton. c) low carbcn. Scft boiler plate. (5).

Molybdenum. steel (C-MoI sheet, tuces, fcrgings. (6). Tubes and

sheet. (7). Sheet. (8). lubas K f/mm 2 .

Page 149.

It is necessary to )eep in mird that the allowable stresses

(Fig. 62) includs the tctai stresses/voltages which can arise from

all loads, which effect ca the apparatus, namely: a) the internal

pressure; b) impact loads, involving a sudden change in the pressure;

c) the weight of apparatus ano ccntaining in it working media under

operatinq condition; d) the load, caused by the tossing; e) the local

stresses, called by the Ficx ups and the rings; f) a difference in

the temperatures.

Usually in the ca~culaticn uben selecting of the

relationships/ratios of alLowaule stresses it is customary tc assume

that R - R

I? - 1,8R,;

where R- parmissible tensile stress; Rd- permissible compression

stress: R- allowable stress or tne bend; R,- permissible shear
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stress; R,- permissible cruamiiing stress.

Tha graph of the persissitle cperating stresses/voltages for

diffarent carbon and allcy steels at temFeratures mcre than 350oC is

given on Fig. 63.

Th-a graphs cf a charge in the impact tcughness and limit of thi

strpngth of different steels in the depsndence cn the temperature are

given on Fig. 64 and 6!.
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a'7E-

* 4.

fee.. fm soV xvWj N 400 Y' '

Fig. 64. Changes of thf impact toughness of steels in the dependence

cn the temperature.

* Key: (1). Impact toughness, kq/cm-z.

Fig. 65. Change of limit ct strength of steels in dependence cn

tsmperature,.

Kpy: (1) kgf/mm2 .

Page 150.

With the work of apjaratuses cr their parts cn compressicn

either buckling is ccnelaerfed al.so the effect of elevated

Itsmpiratures on the statlity ot thle walls cf apparatus or part
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itself by the method of itducing/aescending ccmputed value of the

yield point and modulus cf elasdticity of material.

The graph of a change of the yield point in the dependence on

the temperature for the commcn carbon steel is shcwn in Fig. 66.

The graph of a change of the modulus of elasticity in the

dependence on the tampezatuxe fcr the common carbcn steel is given in

Fiq. 67.

Taking into acccurt the effect of ccrrcsicn on the strength cf

apparatus, usually increase thickness walls by value C, taken within

the limits from 1 to 3 m.

§ 29. Nonferrous metals and alloys.

For manufacturing different jarts of apparatuses and vessels are

used extensively nonferrcus mials and their allcys: copper, tin,

aluminum, zinc, bronze, trass, etc.

hq parts, working medium cf which it is sea water, and also

parts, which undergo the effect of sea water and air, which contains

moisture, are manufactured fica tne red copper, the bronze, brasses,I=tc. For the wIlded cr scidexed jarts is applied copper sheet M3 and

7
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14, rolled brasses and trcnze LCo2, LS59-1, LE2, L90, BrAMts9-2,

etc.; for the castings - copper, Dronzq and brasses of the

predominantly following trands/marxs: BrCTsI0-2, BrOTs8-4, BrAMts9-2,

etc.

Tubes from the nonfer.ccs metal are applied only pulled cr

seamless-rolled cn GGST 494-52 and 617-53, and copper-nickel - on

GOST 2203-43.

The basic mechanical iroiert1es of nonferrcus metals and their

alloys with normal and at dafferent temperaturxs are given

respectively in Tables 3S aEd 4C.

'S
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1700 I

gL- o, 7

W, ?0 lo ,, t T 0 10V Z0 A5 4 X ,ft r

Fig. 66. Changs in the yiEid icint of ccmmcn carbon steel.

Ksy: (1) kg/cma2 .

Fig. 67. Change in mcdulus ox elasticity of ccmmcn carbon steel in

dependence on temperatuze.

Key: (1) kg/cmz.

PI
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Page 151.

Tables 39. Mechanical xc~erties ox nonferrous metals and alloys.
(1) Z ; riec 7 paa P TOReb -npeAej, Ulk) npeae 6 )D,,O0C,n

Ha,,wenosazae 1a ,4 pea.ea t3) flpe~e.i £4I OmocaTea.'-} " Ha,,aiaS ie eeI flea TIO)CI
Hamtoa ic p()qlOCtJl TeKy-fcCTil H! MHoey.lat-, H~ail.leftOauue np oqocrts T¢eyqecm t moe yznle(-

is mapxa MseTL13.a I T y, HO e I, ii isapa MeTa.I.a fO , =y, ea se -
1141I cnaaUa b, ie SlA. cnsaaa 0z./ .gIw %/

24() 7 0()19 (A) 7 (A) 16 (A)

Meb ] 40-W (T) 38 (T) 6 (T) vTomnai 26 (m) 13 (m) 44 (m)1',,190

17 (A) - 8 (a) 34 (n/T) 30 (n/T) 20 (n1)

I i (r/) 8(a) 4(a)
He2 80-90 70 42-52 (a) 28 (A) - 4 (4)

4-,2 ( ) 4 1( ) 5 33 (m) 0 (a) )H e. 45-42 (0?) (4-2 oT) 6-'(t) ! 5 T -1 ,

_______J_68 52(T W 12 (T)

(9) 8-11 (M) -8 i) 32-40 ()-

A.m nntHsI 15--25 (T) 12-24 (i) 4-8 (T) 32.8 (A) 12 (A) 35.5 (i)Ia?%VHb 36 (m) It(. 49 (u)
9-12 (a) - 11-25 (a) J162 (M)

,. 2 68 (T) 48 (T) -

C Neu ! 0,5 68
L___e_ III II J__ _lr, 30--,50! 16 15-16(;') 'i .UK0-3

0o.o, 25-4 i 45-60
_ _ _ _!_ _ _ _ _ _ _ _ I

75 36 (A) av (.1) 15,6 (A)

2-7 (.) (,) J1Mu 8_1 44 (m) .. 6') -

1.111, 10-12 (o) - 40-50 6) 5-63(r) 5-10 (T)

Key: (1). Designation end trand/maik of uetal cr alloy. (2). Limit cf

strength kgf/mm2 . (3). Yield kcint kgfim2 . (4). Elongation per

unit length 6, o/o. (9). Designaticn and brand/mark of metal or

allcy. (6). Pinchbeck. (7). Nickel. (8). Brass. (9). Aluminum. (10).

Lead. (11). Tin. (12). 2ic.

Ii

I I IIIIA .... ... . .. _ r. .. .. . .. . . .. .' '
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continuation table 39.

1131 . ~i' rautte I~)Has~ geinnrni flene fpeic-i O rHocuyeC.l-(I) ..W, 1peUc.1 hIpe. i Or,o,,.b- Ha"e "e n eh ia,'eTea..e it po',,oc r, Tce.y4cCr o .1 apka ticra.a i Po o""c. eky4ccr.e .oe ymaic-. a. a 14 a 7 .) . , hil cmiaoa 3 0, as, HI ite
!Mt.LM Cr~Vs ACI',,4 0.1 Z,.M I.. IS 0/0

0 25 (.4) 18,4 (a) 49 (w) - 60o 13a/ 1230() 65A) 1()
.laT)b 35 (m) 16,2 () 2 (pOU4-3 55 (T) - 10 (,)

J1070-1 I () 10 (T)
58 (T) 

<IDI

BPau13a 2o28I 2-10
35 (A) -2 (i) SpOI110-2

.qary~b 38 (M) 13 (m) 37 (m>)J1062-I
44() 18 (T) - o a 2

-P
8  41 20-23 12 6-15

34 (A) 15 (a) 27 (A) _ -

j.TaT'"b) 42 (m) 14,5 (a) 36-50 (mt) Bpo a

62 (T) 42 (t) 4-6 (T) pO010-1 20 14 3

30-50 (A) 20 (.1) 10-20 (A) MenhxHop81BpoH33 - 40 (w) HM30 38 14 23-28
5 () 35 (T) 0 ()

_____________ - -3,,a'ier e Gytci:
40 () 20 (.1) () - mirxitil (nir) - noayraepAimt

Sposna 50 (niT) 25 (nIT) 20 (i) () - Taep.MIlA (or) - OTrOlcximHbA"
6pAMu9-2 60 (T) 50 ( I) - JNTOR (o) - O6pa6oTaHblfi

Key: (8). Brass. (13). Ezcnze. (14). German silver. (15). Value of

letters: (m) - soft; (t) - hard; (i) - cast; (p/t) - semihard; (ot)

annealed; (o) - machined.

Page 153.

The strength of ccpper witn ar increase in the temperature

considerably is depressed and according to expsrimental data

comprises:

flrp ieunepaType. *C' . "10 50 100 ,50 200 2-50 215 361- 451 .5;%
nlpotoctu. ........ .. 100 98 93 91 M3 79 75 66 51 :3

A,
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34/

Allowable stresses tcr ccpper and brass in the dependence on the

temperature are given into tables 41.

For copper and brassing permissible tensile stresses compose

approximatly/qxemplarily b7o/o of the allovatle stress fcr rclled

stock.

Allowable stresses cn the tend for annealed copper in the

dependence on the tespexature are given intc tables 42.

For the apparatuses ana the Farts, which work at temperature

more than 250 0C, use/applicaticn ci copper and brasses is not

recommended.

Thq results of the tansil tests of nonferrous metals at

different temperatures are giver in Table 43.

if'
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Table 41. Allowable stresses icr ccpper and trass at different

te.mperatures,

___ __ ___ __ ___ __ 120 01 I0 16 01
I= /-'110 4 I I ' 030 3I J"I0

Aonycxae.ioe nanpamaene zue me 4401 40 1001-

Alonycxe ioe Imanpax.eimne ;ta JaTy- I W 47-51 45145403 I I '11!ny ~ lca 
2  Iu 5( 450 425 400 375 .3,0 :..

K-y: (1). Tempprature. (i). Allcwaale stress fcr copper kg/cm2.

(3) . Allowable stress fcr brass kg/cM2 .

Table 40. Mechanical Properties of Nonferrous Alloys at
Different Temperatures

Tenepa- 20 200 300 400
?ypa, eC - ~ z -

Maps , g3= . = - =

01.[1--2 25 is 20 is 13 14 14 13

SpAMug?! 4%., 6N 20a &3, - 32 - 44 -

J1062-1 38r 206 29 - 28 - 10 -

ki)Meab 22.9 - - - 13.2 - 8,5 -

0U8-4 20 14 17 - - - -

HMKCICtCaMN 04o aqcu : • 2- WOR 8 3t.M A ; S -- a12nll; r - tvrgnA.; e - jHOii w iooxlib.

Key: (1) Temperature, °C; (2) Brand of aterial; (3) Tensile strength

, kg/mu 2 ; (4) Yield strength , kg/mm ; (5) Copper; (6) Sub-
scripts denote: a - cast in earth; e - rolled; r - soft;
e,- chill cast.
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Page 154.

Tabla 42. Allowable stresses cn tne bend for annealed copper in the

dependence on the tempezature.

T nepairypa CTenw. Ilonycxaeuoe manpazenue0 ) C ay m rK6 R,* itl"

120-140 4,7
141-160 4,4
161-180 4.2
181--0 4,0201-2,20 3.8
221-240 3.6
241-250 3.3

Key: (1). Temperature cf wall. (2). Allowable bending stress

kgf/,m.W.

*1
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Table 43. Results of the tensile tests of nonferrous metals at
diferent temperatures.

(1) 5, -t . 4 v"t .4avil
Melaa MA~i z

( -- , ,-l - - - - " -;

npu ,500C 60o !0 14 37 ToNZe.ffhaM 310 260 39 97
o~ov2vweHfla 4100 1 180 19 27 Aaaiin.13.5 76 32 88

800 .1) 7 9 nP" 350* C 403 125 42 99

510 55 45 99

20 -19:30 26 72 600 35 42 100

(Y9 195 44-80 26 66

HIIKC.b. 309 4480 31 67 20 275 40 74

SoTwmeni, g 4565 : 020 20 31 (9) 53 175 45 72
npH 900 C 593 2060 15 25 Oo, 100 105 4,5 82

800 920 11 18 omrAceliloe 153 65 41 97

1000 400 I 15 np W C I10 45 10 12
______207 25 0 0

0 1130 5 7
(/o) It- 725 8 15

uI.K. 350 500 7 to 20 135 31 100

wro wenull 247 225 6 II CSNHLU, 82 80 24 100
np 2000 C 330 125 8 15 OTOmeulb.l 1350 30 33 100

405 3 2 2 1 pUPI ooC 195 40 20 100
265 20 20 100

Key: (1). Mtal. (2). eE perature. (3). limit cf strength kg/cM2 .

(4). Elongation per unit lungth. (5). Contracticn. (6). Brass,

annealed at 500 0 C. (7) . Alumiru, annealed at 35OoC. (8) . Nickel,

annealed at 9000C. (9) l Iin, annealed at 500C. (10). Zinc, annealed

at 200 0 C. (11). Lead, ancealed at 100 0 C.

Pagp 155.
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For manufacturing the sapQrata parts of apparatuses and vessels

cr for their coating are applied in the limited quantity nonferrous

mqtals as, for example, rickei, aluminum, zinc, tin, lead and so

forth, atc. Zinc is applied mainly for the prctectors/treads of

apparatuses, which undergo destruction under the action of galvanic

currents. Aluminum is used icr manufacturing cf Farts 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

manufacture of the parts of shipbcard heat exchangers.

The cast iron in the majcrity of the cases are made frc gray

cast iron as densest ard least aubjected to acticn of corrosion, and

also pdssessing good castabilities. Cast ircn parts can be used fcr

the apparatuses, which wcrk under the pressure nct more than 6

kg/cmZ, also, at temperature of working medium not more than 200 0C.

The use/application cf cast iron parts fcr the apparatuses, which

undergo the effect of sea water, is not allowed/assumed.

Tha sizes/dimensiens of cast iron vessels must nct exceed 600 im

in diameter and 400 c cn the capacity/capacitance.

A\
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The cast cast iron covers/cap . the drains of condensate and

cthar parts of apparatuses and c€.ferent fittings are made frcm gray

cast iron (on GOST 1412-5L4)%ncse tasic propEcrties are given into

tables 44. A great use in tke a~paratus construction find cast irons

cf brands SCh18-36, SChi4-44 aLd SCh28-4E.

'i
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Tables 44. Mechanical Frcpd=tes cz castings frcm gray cast ircn.

( ripe;1'C.1 Pus ' C .a oija.vio)- -- --

APORHOCTU spo socrm TsepAoctb npi paCCTOHII q
M ma R&papU, sA S3rus no BpHeJalm NieWAy onopaM.-v : =It.

me e e go sens 6 00 600 30=

C412-28 12 28 1;3-22' 6 50
C415-32 Is .32 1&1-229 8 2.5 f,3

C1I8" 18 36 170-229 8 2,5 70
C421-40 21 40 170-241 9 2 75
C424-44 24 44 170-241 9 3 KI

C428-48 28 48 170-241 9 3 100
C132-32 32 52 197-248 9 3 ItO

Key: (1). Brand/mark of cast ircn. (2). Yield strength, kgf/MM2 , is

not less. (3). Ultimate treakiny strengtk kgf/mz, is not less. (4).

Hardness acccrding tc ErineLl. (5). Bending deflecticn, mm with

distance between supports, mm. (6). Ultimate com[ression strength,

kgf/u,2 .

Page 156.

A change of the limitocf the strength cf the bend of cast iron

in the dependence on the tempzatuie acccrding tc experimental data

is given in table 45.

Allowable stress fcr tea cast iron:

R, - R& -20W - 250 pLcv'.

For cast iron of average/mean quality the allowable stress on
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the bend can be accepted, in deending on the kind cf load and

surfacq condition, on atlaa 46.

Allcwabls stress in cast iron on the ccm ressicn:

Addition to cast iron wall taickness accept C=7-9 mm, fcr the

centrifugal casting by C=5 ma.

.1

I
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Table 45. Ultimatq breakiag strength of cast ircn in depending on

temperature.

'") I I I I ]Teaineparypa. *C 20J 200 300 4001 500 57

npe;e. npo4 HocT11 ma H3rH6. 231O 2380 2160 2190 1810 1 ,30

Kqy: (1). Temperature, GC. (2). Ultimate breaking strength, kg/cma.

Table 46. Allowable stresses cn the bend of cast iron in the

dependence on load and surtace condition.I: )*
(,) Hanpsxceme na x3rH6 Ra. xzc.A

PoA Harpy3K,, (3/)CM6e a 4Sregif (/)C ,IHTCHRON

KOpKII KOpK0o

cnIiam .g 510 420
[ .o3Kp0cT01IIt31 OT I1y.15 10 5taKCH- 340 280

M abHoro 3Haqe.1Ig

MC a 1io rCX 01 MaKCH.aAbmoro 170 140
OfpliItaTea bitOrO 31aqgcH i A0
MUiKCHMa.1bilorO no.iowadrre.1blioro
3HaqCIIIll

Key: (1). Kind of load. (2). Stress/voltage cn tend kg/cm2 . (3)

without the casting skin. (4) with the casting skin. (5). Steady.

(6). Increasing from zero to adximum value. (7). Changing frcm

maximum negative value tc maximuu jositive value.

Paqe 157.

4 31. Jointing materials ijacking).

A
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As the jointing materidls in the heat exchar.gers are applied

differsnt packing. Wher selectirg cf packing it is considered:

1) the character ct the jacyed medium:

2) operating pressure iD the apparatus;

3) operating temperature;

4) the duration of ccnnecticn to the disnantling;

5) the quality of jacKing surfaces (smccth, rough);

6) the width of the packang;

7) the thickness cl the jacking:

8) the force of the tightening of the bolts;

9) the position of the packing;

10) external agency cn the Edcking;

A
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11) thc property ci sealing material (strength, elasticity,

coefficient of friction).

In essarce all sealiaj materials are sukdivided intc three

groups:

1. Nonmetallic pads - ruD;er, paranits, cardboard, asbestos,

etc.

2. Metallic packing, manuzactured with pillar frcm metal or

allcy - ccpper, brass, steel, lead, etc.

3. Submetallic packing, wnicn have metallic xounting/case

(brass, copper, lead, zinc) and ncnmetallic center (asbestos,

rubber), or vice versa.

The mcst popular inciude tae zollowing sealing materials.

Rubber of the 2nd group, average/mean hardness from 7.5 to 11

kg/cm2 . It is commonly used as the packing/seal for the smooth flange

joints, which are contacted with tae cold and hot sea and feed water,

the aquious solutions and tne air at temperature frcm -30 tc +600C

'A



DOC = 80040208

and pressures to 3 kg/cz2 , and with the cloth packing - to 6 kg/cm2 .

Heat-resistant rutter of the 4th grcup cf average/mean hardness

with the cloth packing i_ ajlied for the temleratures tc 15CoC and

the pressure to 10 kg/cm2 .

Oil-resistant rubter oi the 6th group cf average/mean hardness

is applied for oils and tuel/jrcpellant at tempEratures to 600C and

Fressures to 3 kg/cm2.

Plastic rubber without tne harmful impurities is applied for the

everyday apparatuses, irtanued fcr the preparaticn cf drinkirg water

and food.

Sealing rubber is sanuiacturea any form and any sizes/diuensicns

in the form of ulates, ccrds cr rcund, square, quadrangular and

shaped sscticns/cuts. Ine zniciness of rubber platas without the

packing is from 1 to 4C vm and with the cloth packing from 2 to 15

Page 158.

Paranite is the mcst jeneral-jurpose and widely used sealing

material; it is applied tor packinq the surfaces, which are ccntacted

A
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with the cold and hot fresh and sea water, the krine, the acids, the

alkalies, tho water saturated and superheated steam, the air and the

flue gases at temperature tc 40LOC and pressure to 15 kg/cm2 .

Paranite is manufacturpd in tne torm of sheets with size/dimensicn tc

1500 mm and in thickress fxtcm 0.3 to 6 mm.

Cardboard is applied icr Fackings/sfals cf surfaces, which are

contacted with the liquid Erc~ellant, the lubricating oils, the air,

the ventilation gases and tbe arin~ing water at temperature tc 900 C

and pressure to 6 kg/cma; cardbcard impregnated - fcr the surfaces,

which are contacted with tha Kerosene and the gasoline at temperature

to 300C and pressure tc 10 kg/cm 2 .

Cardboard asbestos is afpiiad for packing the surfaces, which

are ccntacted with the hct yases, the gasoline and the kerosene at

temperature to 180 0C and pressure to 3 kg/c32 .

By fabrics cotton, unbleacbed linen, by hemp ccrds with the

grqasings by the red lead cxine and different mastics pack the

connections, intended fcr the lcw iressures, and the untreated or

slightly machined surfaces.

e

Copper ann.3aled is applied: brand 93 for packing the

connections, which arR ccatacted with the saturated and superheated

A
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steam at temperature to 500C and pressure tc 35 kg/cm2, brands M1 -

at temperatures to 350 0 C and pressure to 45 kg/cm2 , and also for the

Freon, carbonic acid, hot gases, tuel/prcpellant and oils at

t-mpsrature tc 200 0C ana pzessure 1O kg/cm 2 .

Iron soft of the type Armecc is applied fcr the saturatad and

superheated steam at temseratuxe tc 4500 C and pressure to 64 kg/cm2

and for other corrode media at temperature tc 450 0 C and pressure to

100 kg/cm2 .

Aluminum is applied for the media, in which is not dissolved

oxida of aluminum, and at very kign and low temperatures and high

pressures.

Lead is applied fcr jacking the conrecticns, which are ccntacted

with the acids, oils, liquid jrcpellant, gasoline at temperature to

100 0 C and pressure to 4C x/cm 2 .

Submetallic and riffled metallic packing are applied in the

dependence on their ccratzucticn/design for packing the connections,

which are contacted with he gases, the air, the water, the

fuel/propellant by oil, acius ard the like at temperatures of

60-2500 C and pressure frcm 5 tc 60 kg/cm2 , ard they are estatlished

on smooth surfaces of the connecticns, which frequently undergo
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disma ntlinq.

Tentative widths ard tanicknesses of packing in depending on

their diameter are giver in cale 47.

The specific pressuras, necessary fcr the deformation of packing

and that maximum perriss. ble, call their flattening, and alsc

specific gravity/weight cf the material cf packing are given in Table

48.

Page 151.

In order to detsrgina the conditions of nonextrusion of the

nonmetallic packing, pressea zetween the smccth flanges, they use the

formula
(D, + b) b ,f> D.p,

where D.- bore cf packing, cm; b - width of packing, cm; 6 -

thickness of packing, cm; a- the specific piessure on the packing,

necessary for the deformaticn, Xg/cm2 ; p - the design pressure of

mudium, kg/cm2; f - coefficient of the fricticn cf pad, equal to;

f=0.10-0.15 during treatunt V of the surface cf the flanges;

* f=0.05-0o.C8 during treatment VV or the surface of flanges.

A I - - - , '-... ., , . . .. ..-.' -: " , : '
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Table 47. Sizas/dimansicLs cf packing.

a e' v Hemea.l.lfqecufe. .v. (31 %1eraJUiqecwfe.,.A

IPOKAaZ.KH (aJ) ~
aid MUP1ap, TOAulmta wlpira TOJUMMa

Ao 100 5-6 1-1,5 3-4 1-i

100-200 6-7 1-1,5 4-5 2-3
200-400 7-8 1.5-2 5-6 3-4

.(7)400--600 8-10 1.5-2.5 6-7 4-5
Couame 600 12-20 2-3 8-12 5-6

K-y: (1). Diameter of packing, am. (2). Nonmetallic, mu. (3)

metallic, mn. (4) widt1l. 15) thic&ness. (6). 1c. (7). It is more

than.

Tables 48. Specific FrQs*urts on the packing.

YAeCA-oe .laaMeme Ha npoK.Iaaxy. (5-)
rpoaanOqUe k3,..) I/C42 YAUbat,1A nec.

MaTepI.Iaa- W M 3deodXoa3imoe wx SWU,,naintuce

*Ae4opsauii pacn.1uwtiu m.e

Pe3Una 2.6 1.5
'lapauNr? 30. 60 (,iam ra3o9) 315 1.!
KapT'. 20 - 1.0
Kapim. aceco- 40 - -

MeAb OTOXICeN- 750 980 8.9

Weso marxc - 1260 785
Counci (,L "Ito - 11,3

Key: (1). Sealing matpriais. (2). Specific pressure on packing,

kg/cM2 . (3) necessary Icz the datcrmaticr. (4) the calling

flattening. (5). Specific gravity/beight, t/23. (6). Rubber. (7).

LL



DOC = 80040208 FIGE i"

Paranits. (8). Cardboard. (9). Caraboard astestos. (10). Copper

annqalel. (11). iron (Ecft). (1i). Lead. (13) 30 and 60 (for the

gabos).

Page 160.

32. Insulation.

Basic insulation, usea for the insulaticr/isolation of heat

exchangers, are given in Tatle 49, containinG physical constants

insulation/isolation.
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Tables 49. Physical cerztaats of insulation/isciaticn.

(34 ()) op"Yan ,w.SOnag.BoceHTa YeriaoInPOSoA-

KxaAIM-qag CC 2a

B 1n"opowice 200 zfc
Hbjuea. ( B waoasums .350 Ac4.us X=0.0695+O,000083 tcp 350

1B WTyialyp~e 400 Ac4 uS*

COsu.11? B 0304snsi CO~ .c4.AtS 3 0,.736 +0.000162 tcp 40
SB wryKATypne 440 c;0

rNaAKHA C aCC6CCTOODWHN A=0.0'16 + 000w18 i'a
Tepua.ib xOj~hUf11 400

ro~pHponaHHLi1 I - 0, 05 1 + 0, 000219 tcl

Txau1b ac6eCTO- 1.6-2.0 K~.1 X =0,106+ 0000159 cp 400

(s.Kapoi, 3,3 KztN2  X ).0,135 + , O~ tcp 600

MaTpau. fl 99; fpit ToiuLIIII
11anoA111cIINili WA - i.5 IZ1. ) 4 0. 07 + 0.000 12 tcp 400

ubI0H~aeM 50 .u~v - 12, 5 ta I.msJ]_____________

Marpau. r1pit ionumme
iianoateusu 25 -v u7.5 tal.0 .04 ,012t2  5

asaO~lUeCNA 40 .vu-11. 2 YA007+.02t 4
COC1lOS 50 mm 13,4 K

3&*cb t - CpqANS Spj~m0W*ruNWX3& Tnweparyp& - C*J3AW@@*TytS = .U elPITYP lT*W0OC,

Key: (1) . Material. (2) . 4eight. (3) * Formula cf coefficient cf

thermal conductivity X, kcal/a-khouz OC. (4) . leaperature cf

stability, OC. (5). Neweli. (6). In powder. (7). In

insulation/isolation. (8). In filastering. (9). Scvelit £99 sp0 7-

mixturc of M90o, CaCO3, and asnastos]. (1C). 'Ihermal. (11). Sacoth

with asbestos rings. (1i). Cciruyated. (13). Fatric asbestos. (14)
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kg/m 2. (15). Cardboard (astestos. (16). with thickness. (17).

Insulation blanket, filled zy Newell. (18). Insulaticn blanket,

fillid with sovalit. (1g). deza - arithmetic mean temperature - is

composed of temperatures cf beat carrier and external surface of

wall.

Page 161.

Recently ever mcre %aae acceptance cbtairs the new means of the

insulation/isolation of mecnanisms, apparatuses and

conduits/manifolds - sc-called FcV - the formed fired vermiculite.

FOV is manufactured in the form of moldings - the rectangular

platis/slabs with the siza/dimensicn 10OCx5CCx3C-50 of mm and in the

form of the rectilinear ana curviiinear shells with a length cf 500

am, with thickness frcr 30 tc 7C ma and in bcre from 30 to 420 am.

For the diameters more than 13C-15C am tc acre expediently apply

moldings in the form of tue segments which car be established to the

tubes of different diameters; fcrttermore, segments are transportable

than shells.

The specific weight or the melded plates/slabs - 250 kg/M 3 , and

shells- 230 kg/M 3 .
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Tha coefficient of tne t-eral conductivity X cf articles, in

depending on mean temperature t,. is determined from the formula

- 0,07 + 0,o002t,

kcal/mohC.

Temperature stability cf articles tc 600 0 C.

The installation ct insulaticr/isolaticn by the moldings, which

have smaller specific weigat, ir ccmparison with Newell and scvelit

cf the isolated surfaces, is ircduced withcut the preheating and

requires only the small ameazing ct welds and joints. Work on the

insulation/isolation can be produced independent of the site cf

installation of the isclated articles.

The use/applicaticn of EOV as insulaticn in the form of moldings

makes it possible to ccnsiQerably reduce the labcr consumpticn of

installation works, and to also lower the wsight of

insulation/isolation.

As facing material tor thin asulaticn/isclation in the majority

of the cases serve sheets made c± jalvanized ircn with a thickness of

1 mm and sheets from alumitum-magnalium allcy.

".
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Page 162.

Chapter VI.

Calculations of strengtt.

Heat exchangers, as a rule, wcrk under pressure or in vacuum.

The parts of heat exchangers, utica are subjected lcads, are designed

in essence for the strerSta in depending on their material, operating

pressure, temperature and ircerties of medium.

In this section are given calculaticn formulas and methods of

determining the strong sizas/dimensions cf the tasic parts of

different apparatuses and vessels, relied on strength.

The calculation of vessels £rcm the nonferrous metals and the

alloys is produced by the same calculaticn prccedure, as for the

steel vessels, in this case necessary, just as for steel, to consider

all mechanical properties of tke material used.

:
...' A. . . . . .. mII '": -! . . 'T
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The order of the presentation of material

approximatsly/Qxemplarily corzEsponds to the sqquence of the produced

strass analyses of partE.

33. Calculation of cylindzical walls.

Thin-walled steel cylirders, suojected to internal Fressure.

The wall thickness cr cylinuer or tube

S + C .w, (213)

where p - design pressure, &9/clz; takes as the equal to the sum of

the operating prassure ct medium in the vessel and hydrostatic

pressure, if it comprises mcre thar 2.5o/c cf the wcrker; D. - the

cylinder bore, mm: * - ucaulus ct resistance cf weld; it is accepted

cn Tablig 50 in the dependence cn the construction/design of weld and

welding method; R, - pezzissible tensile stress, kg /mma; it is

accppted in ths dep.ndence Cn tne temperature cf wall onTable 51,

and the safety factors - in laole 52. C - addition to, the calculated

wall thickness, which ccnsaiders corrosion, tclerances, ovality, etc.,

mm; C=O. 18s with Spa,> 6.x ard C=I Is when Spm6 w..

A[
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Page 163.

Table 50. Values of moduli at resistance 0 in depending on the form

cf weld.

()8I B w a it c,,oco6 cupit 3 tewtx 4

bybma ra3o- .Am aewrpocuap~a
AclrI WOeMe 8BM C nO.uapkOA CO CTOpOI1bi 8epwuit i WEIa 0,95

ruffome W N,. cUpIiaae,-e C o0,2110 eTopo.,. no .xejo- 0.9
LUe CO CTOOHN sepHIIMi nO.aKKII HJIH KOIbua. flplac-
ruo ie xc OC mO9HOmy mera.may rio aceR ;iAmIe wee

CTKOebae Ulirbi. cnapHaaemie TOAbKO C OAOI CTOpOUIA
npoloJIhe 0,7
ntonepell,.,e O.d

(4. HToMra icc~aH coapKa noA c.iuem q1ioca
TixOR1bae lbi c auycToponitsti hpoapOm IO
TCrwmble wri.n cnapinaesi.,c TOaIbKO C 0,111) CTUpOHN 1)4

(PI' Koomlmueirr npoqiioc71 wa tu aw uez." I is

p. nanHmom Lue Taepaw npinoem ,,.3 CBapKe _eb__ 0._

Key: (1). Form of weld aza welding method. (2). Values. (3). Manual

gas- or electric welding. (4). Eutt welds with auxiliary welding frcm

the side of apex/vertex cf weld. (!). Butt welds, welded on cne hand,

but which have on the side of the top of backing/blcck cr rings,

adjacent to base metal all 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 bilateral

penetration. (11). Butt balds, ielded only cn the one hand. (12).

Modulus of resistance of weld tor copper. (13). With soldered weld by

brazing metal or to welding by copjr.

4
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Table 51. Values of permissibie tensile stresses during the

calculaticn of cylindrical lails.

R CTClIKII. R,l

6memee 230"--

Or250 4 I

t e TCl Hlil-

I ) o.ce 400 "; - Imembwce 3Haqe-
n? nn HHe o uiOwetIIH

The lesignations: h - he limit of the strength of metal to the

alcngation at temperatuze o± 200c, kg /mm2 ; , - yield stress of

mqtal at temperature t, kg /.2; ,, - creep limit of metal at

teamprature t, kg /mmZ; -o.A and ,n - safety factcrs in the relaticn

respsctively to the liuits of strength, visccsity/yield and creep

(they arc takpn accordirg to Tatl 52).

Kcy: (1). Temp-rature cf wall. (i). kg/mu. (3). Ncte. (4). It is

less. (5). From. (6). to. (7). It is more. (8). Is taken small value

of relations.

Page 164.

Formula (213) is afjlied tcr calculating thick-walled vessels,

which refer outside liametai tc tne internal nct more than value 1.5.
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During the calculation of the wall thickresses of the

cylindrical containers, sunjected to internal fressure at normal

temperature (cistern ard otner vessels, which wctk under conditions,

close to the body constructicrs/designs), permissible tensile stress

is received as equal tc

Rz-O,&, kg lmm2 (214)

whera 3 - yield stress ct metal with the normal temperature,

kg /im2.

Thin-walled steel cylindezs, subjected tc ambient pressure.

The wall thickness Lf cylinder or tube

4Rd + + + ++ CA, (215)

where p - external overizessuze, kg/cm2 ; D - diameter of cylinder in

light/world, cm: Rd -allcwable comiressicn stress, kg/cm2 ; I- length

cf cylinder (between the ertective rigid attachments), cm; C -

addition, cm: a - factcr, cbtained experimentally.

a
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Tabla 52. Values of the sataty iactors during the calculation of

cylindrical walls.

C") Kos**nune ia 3anaca
(') U. i,.p- cuap,,.e

(O6orpcaaembie o3om npH HaAlq"H H 4,5 2.0 1.15
OTCyTCTSIII 01"UepCTRH

) eo orpcoaete ra30.%I RpM IjahItqHH otuep- 4.25 1.9 1.10"
CeIII nMa Tpy6K ,IIGK H T. fl.
(SHeo6orpeaeaeme ra3om np HaAmqitE Ha- 4.0 1,8 1.0

eIKHO YKpCr[JIenKbIX oepcvfii .wn6o npu nuQTCVTCThIN

V 6ccWoBH14x Tpv6 3.8 1.7 1,1
S rpy6onposo.o" 4.0 1,8 1 15

Key: (1). Cylinders are weldred. (2). Safety factors. (3). Warmed by

gas in presence or ahsence cf hcles. (4). Ncnheated by gas in

Fresanca of holes under tubes, small hatches, etc. (5). Unheated by

gas in presence of reliatly fastened/strengthened holes or in their

absence. (6). For seamless pipes. (7). Fcr ccnduits/manifolds.

Page 165.

For the horizontal cylinders: a=100 - with the longitudinal seam

overlapping: a=80 - with tne longitudinal seam welded or with the

cover plates from both sidas.

For the vertical cyllaaers: a=70 - with the longitudinal seam

ovarlapping; a=50 - w.th tne loagitudinal seam welded or with the

cover platis from both sides.
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Breaking stress in tae clinazical containers, cylindrical

containars without rings ci rigidity whose breaking stress is lower

than tha yield point, and the ovality of less than 0.05 D,, rely on

stability with respect tc the ±czuula

R'V =r= (1-* j /c.60 .  (2161

Cylindrical containers without rings of rigidity whose breaking

stress is higher than the yield point, and ovality less than 0.1 D..

they are designed from the craula

- k3Icm". (217)

Here E - modulus of elasticity of material, kg/cm2 ; s - the wall

thickness of vpssal (witbout addition C), cm; r - the mean radius c-f

vessel, cm; - Pcissor xa-io; =,- yield pcint cf material, kg/cm2 .

The margin of the stanility ct the vessel:

wher p - external overizessure of medium, kg/c.2; m)4 - for the

vartical vessels; m>5 - for th nozizontal vessels.

!
!,
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Thick-walled steel cylinders, sunjected to internal pressure.

If the wall thickness cf cylinder exceeds 10o/o of the cylinder

bore, then its calculatica is prcduced according to the formula of

the thick-walled vessels:

S 11 +C C, (218):

whert r - an inside radius of apparatus, cm; $ - modulus of

r'.sistance of the weld; R, - Fexmissible tensile stress, kg/cu2 ; p -

intprnal overprpssurp, kg/cm2; C - addition which during the

calculaticn of the thick-wa.Lled cy4indars can be placed of thb equal

Sc zero.

If calculation is kroduced on allowable stress R,, selected cn

I the yield point ,, ther the wall tnickness cf cylinder will he

determinpd according tc tbe fcroula

=o( j- o R, - , (219)

wherR s, - yield point Cf material, kg /am2.

. Remaining designaticns the same as in fcrmula (218).

Cylindrical wall, included between the rings cf rigidity.
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If the apparatus, wkich wcrks under the external overpressure,

is equipped with the rinys cf rigidity, then the cylindrical wall

between them works on tbE hEnd.

Stress/voltage cn the bend in the cylindrical wall between the

rings of the rqidity:

+,0'-- V - kj/( (220)
0,643+ F s 1-p

where p - external overiressure, xg/cm2; D - diameter of cylinder in

the light/world, - s, - wall thickness withcut addition C, cm: fcr

valve apparatuses s.=s-C, zcr welded joints sl=*(s-C); F -

cross-sectional area of the ring of rigidity (cm2 ) without taking

into account addition C; p - Ecisson ratio (Table 38).

Rings of the rigidity cf cylindzical wall.

Load on 1 running ca of the length cf the circumference cf the

ring of the rigidity:

P oa+"-, kg/cs. (221)
03 F

Page 167.
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Critical load or 1 running cm of the circumference of the ring

3El (222)
pP-- kg/cm

whers E - modulus of Plasticity, &9/cm2; I - moment of the inertia of

the transvqrse ring cf rigaaity, cMOO; R - radius of ring on the

n.utral linq, M

Critical load on 1 running cm of the circumference of the ring

of rigidity, supported at several joints (ccn-idering its part as

circular arch with the sujorted ends):

Skg/c (2Ekg3)

where a - a central angle tetween the sufcrts cf ring in the

Fortions w
" La 180".

Reserve of resistancd to the indentaticn of the ring:

, q

Compression stress ia zhe ring over the diametric secticn/cut:

* Rd= -L- " kg/cm2  (224)

wr g .where DO.- outside dia~eter ci rany, see
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If ring is carried cut with ze ellipticity, which does not

exceed 1o/o of its ncmral bcre, then the maximum bending moment in

the ring can be determinea accotdirg to Fedctcv's formula:

MV= 66pi(yj) kqecu (225)

where p - external over~rzssura, k /cm2; I - distance between rings,

am.ca; r - inside radius cf apazatus, ee

Stress/voltage cn the bend in the ring cf the rigidity:

Ra=M k/e.(22-6)R. -"- kg/CD2 .

where W - a general/coxacn/tctal acdulus of section of the ring of

rigidity and adjacent tc it shell (with a length -15 cm), cMu.

Strength bending cf toe razaLning part of the shell can he

disre gard- d/neglected.

Total stress/voltage in the ring of the rigidity:

R,. '=Rd+ R& kg/cm2. (227)

I Page 168.

Tolerances for the cvaliti o welded cylinders are given in

Tabli 53.

Sy*
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Table 53. Toloqrances fcr tae ovadL:y of welded cylinders (acccrding

to the 4ata cf practice).

npugeTfmhvpe ulum3pa
D. wv Ao 200 201--" 301-500 01-o0

ACKo.c ,1a oua.b- 1.50 0.75 O
OCTb. % o D_

Ii

Kqy: (1). With the diameter of cylinder. (2). Tolerance for cvality

* c/c from D.

1 34. Calculation of the dishid tottous and ccvers/caps.

Bottoms must have a prcfile/airfoil of ellipse or curve, close

cne to the ellipse. The diagram cr constructicn by this curve is

given in Fig. 68.

Outside radius cf rne rraasfaz arc cf the hcttcm

, 2+h-V' (0.50,P + h -U0,50m-.,. A (228)

kn cutsido radius of the convex part of the bottcm

R, == (0.3DOI + h,- 0.5D~rn ,(29(05OPh'O. . M (229)

whars D. - outside diameter of Lcttou, mz; h - height/altitude of the

convex part of the bcttco ca external surface, mm.

L
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Fig. 68. Diagram of the plozing oi curves cf the dished bottcm.

Pag' 169.

Thq dished bcttcms whose different types are shcwn in FigS. 69,

70 and 71, must satisfy alsc the requirements, indicated in Table 54.

if

A
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S

LAI Me 4" 1,,,."f

Fig. 69. Anechoic dished bct¢ca

K;%y: (1). Began transfer arc and the beginning ct the cylindrical

part of the bottom,

fig. 70. Dished bottom ___ access. _

Fig. 71. Dished bottcm ihh aces.

patoftebotm

Key: (1). On thq straight line. (2j. Not less than 0.1 D1 on

straight line.

9

71
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,- Table 54. Design specifications ior the tottcas.

Baki ~ ~ 04 ~ Paccosaime ur Kpas o BTeIcS

*wnyiu'oR IBuyipc- Hapywih (-S) '3Ras PI3Za
aC M aNmua Mi1i pPAmyC paklyc ne- AO xpal Apylroro OT6Op-
no .apyw- B-nyK.oI pcioznodl ZhiHta (no o0rmcpcTms TOUNK
ior nosepx- 1ac .lHama AY IrNIMu npoeigiun) (no .poex. .a3oeoro

SOCTE R.- s r,, Wtii) oTuep-

He'ieee He Loee He veHee He xeuee Helelice He .jemee
0.2 D. D, %0O.j Do 0.1 D. jiameTpa s

me m.eHee .meiibweroI 2/k3  oxuepcTHN

I (npn HeyK-
peliUeHHWI
OTUepCTHRZ)

Notes: 1. Through hole sust De arranged/locatEd centrally.

2. Is not allowed/assumed arrangement of holes on transfer arc

cf bottom.

3. on cylindrical part is allowed/assuued drilling unit holes.

Key: (1). Height/altitude of tne ccnvex part cf the bottom over the

external surface of h. (i). Inside radius of convex part of bcttom.

(3). Outside radius cf transfer arc of bcttcm. (4). Distance from

edge of hole. (5). to edga cf oottcm (on prcjectiCn) a. (6). to edge

of another hole (on Frc3ecticn) x. (7). ;ricr to beginning of

flanging of through hole. (8). Not less. (8a). and. (9). Not more.

(10). Not less than diameter ot smaller hcle (with

unfastened/unstrengtherEd tcles).

A
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The wall thickness ci the aished bottom is determined from the

fcrmula

.Dpy +C , (230)

where A, - outside diamEtaz oi housing, mm; p - design pressure,

kg/cm2 (see value of p tc tne icrmula (213)]; y - fcrm factcr of the

A
bottom; values y in depending on zne value cf relation 7. and of
character of weakening hcttcu ty holes d are given in Table 55; in

the latter/last relaticn 2- a distance frcm the axis/axle of bottcm

to the axis/axle of hole, mm; d, d,, d1 (FigS IC and 71) - diameters

cf holes, am: is accepted greatest; z - p~rmissible tensile stress;

it is selected in depending cn the temperature cf wall acccrding to

the data of Table 56; C - additicn to the calculated thickness: C=3

am; for the anechoic bcttoms in caiculated wall thickness to 17 mm

C=2 nm and for the bottcas, manufactured frcm steel casting, C=5 am.

I
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Tablq 55. Valua of the icrn factor of bottcu in depending on its

sizes/dimensions and arrangement ct holeE.

O, ,uci,le CI_) OalTop op,,,J y
111COTba - .11111Ua Ha'inua C la30b-iMK iHAH kM II1 mepcTN IM

.11iieua K ravxoro c oT.oweHncm
ero iilam e, 1.l 61 pac- I+ d a

TPY cmaTpIae- - . p aw m
h moro KaK
. r.,. 0.1 10.2. ,o3 10.4 10,5 0,6 10.7

0.10 .. 2,05 2.20 2,40 2.50 2,75 2,90 3,10
0.22 1,5 1,80 2,00 2,15 2,30 2,50 2.70 2.85
0.21 1,40 1.60 1.75 1.95 2,10 2,30 2,50 2,65
0,25 1.30 1,50 1,65 1,85 2,05 2.20 2,40 2,60
0,26 .15 1,10 1,60 1.75 1.95 2.15 2,30 2.50
0,4 1.10 1.30 1 !,60 1,180 2,00 2,20 2,40
0,30 .00 1.15 1.50 1,70 1.90 2.05 2,25
0,40 0.75 0.90 1.05 1.20 1.40 1.60 1,75 1,95
0.50 0.75 0.I0 , 1,059 1,20 1.40 1.60 1,75 1,95

Notes: 1. "Anechoic" is called the bottom, which has no holes

(cutouts).

2. For intermadiate values a and -- fcrm factor is

determined by interpclaticn.

Key: (1). Ratio of the heignt/altizude of bcttom to its diameter.

(2). Form factor. (3). tc¢tcm anecnoic or of that considered as

anechoic. (), bottom wita tarcugh or other hcles with relaticn. (5).

aqual.

Page 171.

A
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The wall thickness cr tki s haerical bottcm

3== Pr . Am
200 R, ~~g

where r - an inside radius cf sibere, am; p, R, and C - the same as

in formula (230).

During th calculation cf the wall thickress of the bottcms,

subject to internal Fresiure at notmal temFerature (cistern and other

vessels, which wcrk undet ccnditicns, clcse tc body

constructions/designs), tae alicwarle stress takes as the equal tc:

R1 -- 0,6,, kg/cmZ

where , - yield point cf matarial at normal temFerature, kg/ca2 .

A
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Tabla 56. Values of allcwaDie stresses fcr calculating the thickness

cf bottoms and covers/ca~s, subjected to internal pressure.

Te3( 'I p (,onycxaeoe manpawcemme Ro. xzfA1 2

cOeHKII " °C U ranouaH- mnsn 1.)zN "IAOCKIIX
H[z 211at AAS JHIX ARM pbimex-

(, 8ele 2 .9 4,4 j-2
OTM250 1%) 400

i.23 1,9 1,4
It 1 t4 0S fomse 400 S . s. ". -. L.

The designations: -. - the limit of the strength of metal to the

elongation at temperature of 204C, kg /mzz; , - yield stress of

metal at temperature t, kq /oa2; ,- creep limit of metal at

temperature t, kg /mm2 .

Key: (1) . Temperature cf wall. (2). Allowable stress R. kg /mM2. (3).

for stamped/die-forged tcttcas. (4). for cast tcttozs. (5). fcr

fla*/plane covers/caps.

FOOTNOTE 1. Is taken stall value. !NDFOCINOIE.

Additional requirements fox the dished bcttcss.

-w

j
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1) Bottoms are considered as "anechoic" in the following cases:

a) when the maximum size of the unfastened/unstrengthened

cutouts it does not exceea 4s with the ccnditicn that the distance

t-twien the edge of cutcut and the edge cf bcttca (cn the prcjection)

comprises less than 0.2 D,;

b) when the maximum size or thne completely fastened/strengthened

cutouts it does not qxceed 8s and the distance between the edge of

cutout and the edge cf tcttca (cn the prcjection) exceeds 0.2 D,;

Page 172.

c) when the maximum size of tne completely fastened/strengthened

cutouts doss not exceed bs and tae distarce between the edge cf

cutout and by the edge ct bottca (cn the prcjecticn) it exceeds 0.1

D.;

2. The stamped edges of tarcugh hole reinfcxcement are nct

considered.

3. Holes in bottcms can be arranged/located cut of zone of

transfer arc at a distarca not less than s from end of this arc.

'A
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4. Hole in center cf flanved bottom outside can be carried out

by diameter to 450 mm witnout special strengthening.

5. Height of cylindrical sida cf bottom H must be equal at

thickness of bottom: tc 1J mm - not less than 25 mm, from 10 to 20 mm

- not less than 40 mm, mcra taan 20 mm - acccrding tc thickness cf

bottom, but not less than 50 mm.

6. Thicknass of cylindrical part of bottcm must correspcnd to

calculated thickness of cylinarical housing cf vessel of the same

diameter. In this case the turned edge must ccmprise not less than

C.9 thickness of bottom.

7. For welded bcttcas intc denominatcr cf fcrmula (230) is

introduced modulus of resistance ot weld 0, taken on Iable 50.

Cished bottoms, subjected tc ambient pressure.

The wall thickness cf tie tozzcm

c.4pD + (231)

where R4 - permissibla ccareassion stra.ss, kg /mm2 .

Remaining designaticns and structural/design requirements are

the sama as for the bottcus, sutjected tc interval Fressure.

'0
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Breaking stress ir the bDctoms, which wcrk under the amtient

pressur., relies on starility.

For the spherical tczcms

P K,) = 3  ( E ( )' kg/c 2 . (2

For the hemispheric ends

Avrkg/cu 2 . (233)

Here E - modulus of elasticity of material, kg/cmz; M - Poisson

ratio; s - the wall thickness of bottcm, cm; r - the mean radius of

bottom, cm; kl=1.5; k2 =40 - for tna stamped/die-forged bottoms from

the whole sheet; k,=1.1; Kz=2J - for the staufed/die-forged bottoms

from the welded segments; k,=0.75; k2=12 - tcr the tapped bottcms of

the wqlded segments: as - yield icint of material, kg/cm2 .

Page 173.

The margin of the stability of the tottcz

P
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wherq p - external overEzessure, kS/cM2.

Plat covers/caps, subjected to internal pressure.

The plate covers/caps, subjected to internal pressure (Fig. 72),

are designed from the fczmuia

, r0, l8P,(,3- r +-- e - a + 1,48P6 Ig +

+PR ACA:, (234)

where a - stress/voltage in tte cover/cap, kg/cM2 ; s - thickness of

cover/cap, cm; r - radius of a circle of bolts, cm; C - addition, cm;

P6- load on all bolts, kg; a - distance frcm the axis/axle cf

cover/cap to the line Cf centers oi packing, cm; d - external radius

of the flang0 of cover/cap, cm; p - design pressure, kg/cm2 ; R -

radius of the spherical segment cf cover/cap, cm; 0 - modulus of

resistance of wild.

Allcwable stress in tte covet/cap is selected cn the basis of

the safety factors tc the elcrgation; for the limit cf strength

%=-,4, for thA yield pcirt 'Y---q
8 .

7;
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Fiq. 72. On the calculaticn of plate covers/capse

Page 174.

In the plate covers/caps the cutouts in diameter tc 50 i dc nct

require reinforcement with tke ccndition of the sufficient clearance

(not less than s) between the edge cf cutcut and weld, which connects

spherical segment to the flange c cover/ca . Hcles whose diazeter is

more than 50 mm are suk)Ect tc eigfcrcement.

Conical bottoms, subjected to inteinal pressure.

1. Vessel is found under internal pressure of vapors"or gases.

Maximum tensile stress alcn the generatrix cf the cone:

pD
/." C C os. kg/Cu 2 . (235)

- maximum t-nsile stress cn the circular weld of the cone:

I
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pD
4?"(s-C)cos kg/cm2 . (236)

2. Vessel is filled with liquid to specific maximum altitude.

Fig. 73 depicts vessel with a bcre of D, conical bottom with a

height/altitude of h2 and central hy angle 2a, filled with liquid on

the height/altitude of cylindrical part, equal tc h,.

maximum tensile stress along the generatrix cf the cone:

R'= 7D (- h, kg/cu 3 . (237)

2'(S - C) c;W.

Maximum tensile stress cn the circular weld cf the cone:

with h,<h 2 /3

R- 2 (S-C)Cosa (h,+h,) kg/c2 3  (238)

with h,>h 2 /3

R; 12(s - Cos (3k+h,)* kg/cM2 . (239)

.,o. In formulas (235)-(139) : p - internal Fressure in the vessel,

kg/cm2 ; D - bore of vessel, cm; s - the wall thickness cf cccical

bottom with tho additicn, cm; C - additicn tc the corrosion, etc.,
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cm; 0' - modulus of resistance of weld along the generatrix cf the

cone; *" - the modulus cf resistance of weld acrcss the generatrix cf

the cone; a - halves central angla in the degrees; 7 - the sFecific

gravity/weight of liquia, fg/cmZ; h, - the maximum altitude cf liquid

in the cylindrical part, cm; b2 - Aeight/altitude of conical Ecttom

from thi apex/vertex tc the hase/rcot, an.

F.

( I

KI
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Fig. 73. On the calculation of conical bcttcms.

Pag- 175.

3. Vessel is filled with liquid above mirrcr of which occurs

pressurq of vapors or gases. In this case the calculation is

conducted acccrding to fcrmulas |235) and (236), only instead of p in

them is substituted the total pressure of liquid column and Eressure

in the vessel (k@/cmZ).

35. Calculation of flat/plans walls, ccvers/caps and bottoms.

Flat/plane walls and ccvers/caps without the reinforcements.

Tha thickness of the rectangular wall, attached on the perimeter

(Fig. 74) ,/(i 74)S 0,53b Pb + C. aA, (240)• ~R. (I + -'

where p - pressure on tte wall, kg/cm2 ; b- smaller side of
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rectangle, am R& - allcwaDle stress on the tend, kg/cu2 , equal tc

-~ f or steel and f- or tbo nonferrous ailcys; here ~.-the limit

of the strength of materidl at c~Erating temperature, kg/cmz; a

largq side of rictangle, am; C -addition, am.
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V4-I

Fig. 74. Fig. 75.

Fig. 74. On calculation ci rectangular wall.

Fig. 75. On calculation cf alljtical or oval wall.

Page 176.

Thq thickness of the elliptical or cval vall, attached cn the

cerimetqr (Fig. 75),

2 b t, + C N , (241)

where a - a semimajor axis of elliise, ms; b - semiminor axis of

allipse, mm.

Hemaining designaticns the same as in fczmula (240).

Thickness of circular flar./plane covers/caps and bottoms (Fig.

* (76)

s=d + CA, (242)

A
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where d - a diameter of cover/cap cr bottom, cm; p - maximum

operating pressure, kg/cz2; k&- allowable stress on the bend, kg/cm 2

[see formula (240) ]; C - auditicn to corrosicn, cm [see formula

(230) ]; p - coefficient, aquai rc:

For the covers/caFs, rcilaly ccnnected cr the bolts or attached

to the flanges of housing (Fig. 76a), and alsc for flat/plane

bottoms, which ccmpose cna wbcle with the hcusing of apparatus (Fig.

76b) ... 0.162.

For the plates, rigidly attacned on their ccntcur/outlire ...

0.187.

For the forged (pulled) bottczs, which ccmrcse one whole with

th, housing or welded watn it rutt (FigS. 76c end d) ... 0.250.

For the covers/caps, which undergo prelizinary bend frtc the

tightening of bolts, with the Ere-cence of the sealing projection on

the covar/cap or the flanga of kousing (Fig. 76c) ... 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 be

not less than 1.25 the thinnest wall thicknesses of housing cr bottom

0.500.
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Fig. 76. On the calculation of the thicknesses of circular flat/plane

covers/caps ani bottcms.

Page 177.

Tha thickness of the ilat/ilarp stamped/die-forged bottcu with

the bent back adges, sxbjaczed to internal rressure (Fig. 77),
s= W -- dd +

(243)
where p - great design Ezassurd, xg/cm2 ; I&- limit of the strengtb

of material, kg /mmz: d - ocre cf bottom, mu; rt - inside radius cf

transfer arc from cylindrical Part to the flat/plane, mm. Value ri

must be not less than 1/1b d.

Round plats with tne ncle in the cqnter, attached on the
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external and internal ccntours/cutlines and subjected to bending by

the evenly distributed Icau.

maximum strz ss/voltaqe in tna plati:

R.,, k kg/cm(. (244)

Greatest sagging ci zan Elate:

, = . c. (245)

Here q - intensity of Icad, kg/cmz; r,.- outside radius of plate, cm;

s - thickness of plate, cm; E - modulus cf elasticity of material,

kg/cm 2 : k, - dimensicnless vclzage ratio, it is determined on Fig.

78, in depending on the ratio of an outside radius of plate r, to a

radius of hole r.; k2 - a dimensionless ccefficient cf the

sagging/deflection; it is datezmined on fig. 79 in depending cn ratic

r.and .

Initial data for the ploting of curves cf the dimensiorless

voltage ratios and sagging are the fundavental equations of the

thecry of the bend of Flates:

1) momental equaticn for the meridian cut;

<1 2) the equation of tne angle cf the tangent inclination of the

alast ic line;

3) the equation of elastic lane (equaticr cf sagging).

A
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I,

Fig. 77. On the calculaticn cf the flat/plane stamped/die-forged

bottoms with the bent tack edGes.

Page 178.

Flat/plane walls, fastenca oy spacing or anchcr bolts.

Wall thickness during the even distribution of the fastenings

s- CV" a2 +b .u". (246)

Wall thickness durirg the nonuniform distributicn of the

fastenings

s = O,5C (d, + dj Vp u.v, (247)

where C - the calculated coefficlent, taken on Table 57; p - great

design pressure, kg/cm 2 ; a - distance between spacing cr anchcr bolts

in cns series/row (Fig. 80), mm; b - distance between the series/rcws

of spacing or anchor bclts 1Ig. 8G), mm; dis - distance tetween

fastenings (Fig. 81), ma.
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07 ¢,44 - - -

J , , - -

(t) OMmOIewwe Tr/.,' c' ) Onyaaawie

Fig. 78. Fig. 79.

Fig. 78. Value of coefficient of k, in depending cn relation of radii

_..

Key: (1). Coefficient cf streaz/vcitage. (2). Relation.

Fig. 79. Value of coefficient ot K. in depending on relation cf radii

K* y: (1). Coefficient ct sagging/dlfflection. (2). Ratio.

f:,;

i.L, I r
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Fig. 80. Fig. 81.

Fig. 80. Evenly distributed ±as~eaings.

Fig. 81. Unevenly distriuted astanings.

Page 173.

Formulas (246) and (27) aze derived intc the assumptions that

the walls made of steel bdve lizat of the strength of material 3=36

kg /Imz. With accomplishing of bails with the large limit of the

strength of material their thickness must be reduced by the

multiplication of value Sc on V

If the temierature ci rte zedium, which washes wall, is more

than 230 0 C, calculation is ccnducted taking irtc account the

temperature.

Flat/plane wall, reintcrced ty stiffening ribs (Fig. 82). A

number of transverse and longitudinal edges/fins, and also their
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size/dimension and profile/airfoil are selected from the conditions

cf allowable stresses in tha material of wall and edges/fins. Usually

as the eidges/fins are ccrszdered argle plates.

Calculation is corduczed according to the greatest side. cf

flat/plane wall.

Let us introduce tte follwing designaticns: p - design pressure

cn the wall, kg/cm2 ; a - larce side of the rectangle of wall,

included between the edges/fin5, cm; b - smaller side of the same

rectangle of wall, cm; b - height cf edge/fin, ci; S - length of

edge/fin along the greatest sida o wall, cm; B - width of band,

oqual to side of rectangle, arranged/located alcng the length of

edge/fin 1, *ew

bI

I II I - I In-i -... .. I" I " I I
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Table 57. Values coefficiant C.

3maienws C YC.IOBHu padoma nuocHXa CTeHox

0.017 (,1jflu ohmiuaemmd ropasiiii ral3awtI H BOA1r M~iic, a xo-
Topme naeprbiarorcst "a pcab6., pacnoprnAe Wna allepid
6o~Ama n pacicabhiaiolcx

01015 -NJM TaKal w- cmOiox. no ite o.4hiaae.4hix ropqqH.%H r33aMII
0,0155 (SJIAa ombuaemuzx roptia'.hnt raja-4H it SoAOrt citolc, a xo-

Topue eeeprunibaioMcI Ila PC~b6C pacrnopithe null aiiiepue
6oWrU C Hapymoibmit railKa& 11.111 TO-icitbimn roio8Kainf.

0,0135 @LIa* Taxnz e CTCHOK, iSo ite omwaaacMML ropl'IIIMI ra3a'iMa
0.014. Q6)Ima cTeolOK, CXPCfIICIIIN T0,ibKO 311I2CIM ?PY6K!M4
0,013 (_jfl~ necomilaeatux ropsitoumnl ra3a.MI CTcHoi, HNIeIORuM

'Illiepri. cnaftelfubac raAxcame m cilpef.nawULII.vimahamit~s, ript
sTox Aitamerp itapyw6ior ClenAnioLleh snakibo paSCH ?,S paC-
cronHun mecIIAy allcepamit TAL roiuvu ah~bi paaana 2, TO0ILjHMb
CTCHKM

01,012 CI)AAM Ualmt We CMeoir. HO Jmamevp Itapy2jioi cxpenawouvcA
iwail6h pavea 3's paCOH Ac*,iay aiixepia S TOALUL1a
wagibw pia III, Tomutthbi CTCISOK

0.011 ("'AS. Taax WC( CTCIEOK. no jiaAaucp iiapy)4cHOi cscperaaxlujei
aj~Apsci 4!5 [X1CCOSIIHS mcN(Ay aIIecpamnk n iuaii6oii.

roautna11a KOTopoli paunaJ TOAUvnIc CTCIIKH a Xoropass (iPllKIC.
Raffa K il CICHXC

Key: (1. Values. (2). wcriciny conditions of flat walls. (3). For

washed by hot gases and water walls, intc which are screwed in on

threna spacing or anchcr bcIts and are unriveted. (4). For the same

walls, but not washed ty not gas~s. (5) . For washed by hot gases and

water walls, intc which are screwed ini cr thread spacing either

anchor bolts with external nuts cr exact heads. (6) . For walls,

fastened only by stay tubas. (7)'. for walls urreached by hot gases,

which have anchors, equi~ped with ruts and fastening washers, in this

case diameter of external fastening washer is equal tc 2/5 distances

between anchors ani thickness cf washer is equal to 2/3 wall

thicknesses. (8) . For the sase balls, but diaffeter cf external

fastening washer is equal tc J/5 distances between anchors and
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thickness of washer is egal to 5/6 wall thicknessas. (9). ?cr the

same walls, but diameter cf external fastening washer is equal to 4/5

distances between anchcrs dnd washer whose thickness is equal wall

thickness and which is riveted tO this wall.

Page 180.

F, - cross-sectional area ct edge/fin, cr2 ; X1 X, - centrcidal

axis of the section/cut cf the edge/fin; X2 X2 - centroidal axis cf

the section/cut of the taad cf the flat/plane wall; XX - centroidal

axis of section of band and edge/fin; 00 - axis/axle cf the tase/rcot

cf the band; Ix, - soccnd moment ot area of edge/fin relative to

axis/axle XtX 1 , cm4; it is determined from the tables for the

Frofile/airfoil accepted and tae size/dimensicn of the edge/fin; Z. -

distance of the apax/veitax of edge/fin frcm axis/axle XtX,, cm; s -

thickness of rectangular wall, included tetween the stiffening ribs,

it is determined by fcraula (2410), cm;

Yj - distance of axis/axle XX I from axis/axle 00

YA +s-Z cM;

Y2 - distance of axis/axle X2 X2 from axis/axle 00

F2 - cross-sectional a16Ed c the bard

F, -=Bs ca;
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Z - distance of the neutral axis/axle XX frcu axis/axle O0

z- AF, Y, + F;.Y- CAw;F,"1 + l.)'

a, - distance between centers XIX 1 and XX

a, -- Y, - Z c.M;

az - distance between certeis X2 X2 and XX

a,= Z - Y. c.s;

Y3 - distance of the outezicst filament frcm axis/axle XX

Yo-s+h-Z CM.

r '
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Fig. 82. On the calculaticn of the flat/place wall, reinforced by

stiffening ribs.

Key: (1) . On.

Page 181.

Load. which effects on the edge/fin and the band,

Q-IBP kg. (248)

Greatest bending acnant. whicb effacts or the edge/fin and the

* hand,

M~!-kgocu. (249)

Second moment of area cftLand relative tcaxis/aXle X2X 2

12-j- A (250)
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Second moment of azed cf eage/fin relative to axis/axle XX

1, -/x, + a2 F, CX,. (251)

Seccnd moment of are cf band relative tc axis/axle XX

2 - x + a2 F. cM. (252)

Total moment of the inertia or edge/fin and hand relative to

axis/axle XX

I =/ +12C c. (253)

Str.ss/voltage, which apears in the 3dge/fin from the acticn cf

moment/torque M,

R=_MY kg/CM2 ,  (254)

Stress/voltage, which aEears in the band from the action of

mcment/torque M,

R.-I kg/cm2 . (255)

walls and reinforcements of rectangular vessels.

During determininc cf the dimensions of rectangular vessels they

use predominantly the relaticnsh1is/ratics

2
• B--iVv-; L==7 B; If=TB,

IIII II I I I I . .T= -=1.. . ..... . I I -
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wher9 B - the width; L - lznagh; H - height/altitude; V - volume.

The pressure of liquid c the wall cf the vessel

p=0,85,H kg/cmz (256)

where y - the specific Gzavity/%eight of liquid, kg/cM 3 ; H - beight

cf liquid column, em.

V

"3'
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Page 1R2.

The wall thickness oi the vessel:

8R (2 + L2) + C (257)

wh -r:- L - length of wall, or .astance betwien upright struts, cm;

H - height/altitude ot wall, cr distance between horizontal

stifeners, cm;

R- allowable stzess cn the bend, kg/cm2 ;

C - addition to the ccrrosion, see

The moment of resistance ci the upright strut:

- 16RO , (258)

whera I - th sopecific gravaty/weight of liuid, kg/cm3 ;

L- distance between struts, cm;

H ,.. .. , ., -.. ', , -.
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H - height of vprtical wall, cm;

p,.allowable stress ca tne bend of the mat-;-rial of strut,

kg/cm2 .

At thez calculated aciain or resistance is selected the

corr-sponding s ;ction/cut ot strut..

L-ength of hori-zcntal sr-ifteaer or distance between

conne,:cti;ons/communicat6icns, waica iastan horizontal stiffeners, in

the oresence of one series/zov ct norizontal reinforcements on the

height/altitude:

Ra (259)

Lqngth of loweir hczizoatal stiffener or distancs between

conne-ctions/communicaticns, wa2.cn iastea lower horizontal stiffener,

in ths prnserc~i of two serras/rcws of horizontal reinforcements on

the haight/altituds:

4 J/'- C* (260)

Length of upper hcrizontal stiffener or distance between

conn:cti-ons/communiicaticns, waicn mastpn upper stitfqner, in the

pres--ncei of two sceries/rcws oi ncrizontal rainforcements on the

height/altitude:

4 VR& CA.(261)

hl+h
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Page 183.

Here W - momcnt of resistance of arizontal reinforcements, cm 3 ;

h, - distance from tae Dotto, to the lcwer horizontal

elcmqnt/csl, cm;

h2 - distance from tae oottom to the upper horizontal

el mant/cell, cm;

R.,T ani H - the same as in formula (258)

Th3 distance between ba nea.s/gullies under the bottom of the

vessel:

I=I,254sJ cv, (262)

whero s - the wall thicknass ot nottom withcut additivs C, cm;

Rb,, and H - the same as in rcrmula (258).

Mak
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During the calculation oi tau thicknesses of walls and bcttom of

welded rectangular vessel the acdulus of resistance of weld 0 it is

possibl- nct to corsidcr uadez the condition fcr the arrangement of

wld at a Jistance of 1/4 lignt/sian betwe-n the struts or the

beams/gullies where the tendina aoment has minimum absolute value.

Pectangular chambers/cameras, subjected to internal pressure.

The thickness of wall s ci rectangular chamber/camera is

d'.t-rminrd on thp stresses/vcltages, which apFear in the angle of

chamber/camera, and on the stresses/vcltages, which appear in the

most weakened section/cut of wall iFig. 83).

For the first case

50R ;70 4J+ VSM Ai
OUR

(263)

For thi second case

+'yIW (264)+, pI

I
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Fig. 83. On th: calculation oz rectangular chambsrs/cameras.

Page 184.

Here p - design pressure or meaium, kg/cM 2 ;

R - allowable strCss, K,/CQZ (it is acceFted ontables 56);

M8 - conlitioral banaia moment in the angle of chamber/camera

(rzf-rrid to th= unit cf lenyth and to the pressure 100 kg/cM2 ) ,

det-rmin=d according tc tna f3rmuia

t m 2 .4-P US

Ala- M2 
2

M1- the conditional nending moment in any place of the

designed side of chamber/cameaa (zeferred to the unit of length and

to the pr, qsure 100 kg/cm2 ) , determined acccrding to the formula

M. ma - M--

2 - hm+

m -half-w-idth in -.na ii~nt/.ocrld of the designed side cf
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chamber/camera, mm;

I- half-width in th ii nr/world of the side, perpendicular to

that esign-Ad, mm;

a - small distance from ztn iaternal surface of side wall to the

axis/axle of weakening (noi or wdid), mm;

- coefficieat of strenyth of weld, it is accepted on tables

50;

0' - coefficient cl deaxaainy bore surface, equal to

t-d
t

whsrg t - pitch of hcles, ma;

d - diameter of hcles, ma.

836. Calculation of the unlaszened/unstrangthened and

fastened/strengthened bclas.

Dnfasten' d/unstrengthened holes.

4f

Unfastened/unstrengtaeaea are considered: a) hole under the

rolling-out and thn thresa; n) hole packed with access or cther
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gatps; c) the hols, inlendz d for the connection of tubes, branches,

bushings and the like cn the victudls, if the ccnstruction/design of

welds does not provide the jcLnz operation of the welded

elements/cells with the vassel.

Tha permissible griartst diamaeter of unfasten3d/unstrngthened

* . holes d will be deterajued acccrding tc the formula

d,=8.l D ( I-= 8) .DA, (265)

where- D.-bore of housing, mm;

s - the wall thickness of housing, rm;

k - real modulus cf rtesistance of vessel, determined in the

formula

(x R,--p)s 0,99,

where p - design pressure in the housing, kg/cm2;

R,- permissible tensile stress,- kgf/m2.

Page 185.

In all cas-as the greatest dazaeter cf the
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unfastened,/unstrengther.ad aole sut not exceed

d..-0,6D. H d. --. 200 mm.

Key: (1). and.

For the elongated hcias value d maust be replaced by the length

of the large axis/axle ci oval.

In thq pr!senct in vssi of ths unfastensd/unstrengthened holes

the hydraulic test must be prcuuced under the pressure, which does

not qxcied 1.5p, otherwisi o! nol.a preliminarily they must be

fastqned/strengt hene d.

Fastened/strengthened hclas.

Th sizis/dimensicns of tna z~nforcamants of holes usually are

spl-cted from the follcwing relaticnships/ratios:

D>2d; b>2s; s<2,5st,

where D - an outside diaes~te of fastening ring, cm;

d - bore of fastening ring, ca;

' 7b=0.5(D-1) - thP width of tne rastening ring, cm;
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s - thickniss of the iasdnaiag ring, cm;

s- the wall thicxnass of housing, s--- C/7

The outside diameter of tte rastening ring is determined by the

formula:

D + (s,-C- +4 c+., (266)

where d, - a diameter oi hole in nousing, cm;

C - addition to ccrrasicn, ca;

C, - structural/desija or jrcduction addition, cm;

- modulus of resastdnca cz weld.

1. If reinforcement c: hcle is fastened tc rivets, then diameter

of reinforcing ring, determined according tc formula (266), must be

increased to n&, where n - number rf holes under rivets, intersected

by critical section/cut of reinforcement, and 6 - diameter of rivet

holas, cm.

2. Tf housing of apparatus is carried out unwalded or if with1 welded housing weld intersects ty tole, then in this case into
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formula (266) is substitut;i modukus of resistance cf weld 0=1.

3. I to small hol- is conndcted thick-walled branch connection

without fastening fingsr/pin, then satisfactoriness of reinfcrcement,

imparted by branch ccnnection to nole, can be checked according to

formula (266), in this case instead of size/dimension of d, is

substitut-d bore of trarca c¢nLeczion d. and for size/dimension cf

s t - height/altitud3 cf tranca connection, equal to 2.5 (s,-C), cm.

Page 186.

4. If hole has not circular, but elliptical or rectangular form,

then instead of diameter af hole d, into formula (266) is substituted

its grrat~st sizi/dimension (wica axception of cas;, presented in p.

5) and respectively is uezarmin.d greatcest outside dimension of

rz-inforcement of hole.

5. If on cylindrical houzi±g is arranged/located elliptical or

rectangular hole whose major axis jerpendicular to axis/axle of

cylinder (Fig. 84), then instead o± maximum size of hole is

substitutad qither its widta o or nalf length 112, in depending on

that which of values is more.

§37. Calculation of thE rivtied seams.
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The diameter of rivets is determined on the empirical formulas

for the single-sheet welds (overlakping or with one cover plat.):

d =Y/s- 0,4 cA, a267)

where s - a thickness ot sheets, see

Spacing of the rivets:

1) for the single-row wela (Fig. 85a)

t = 2d + 0,8 c.,€;

2) for the double-rcw weld with bussing arrangement of rivets

(Fig. 85b)

t=,6d+ 1,0 ci;

3) for the double-zcw welu with th- staggered arrangement of

r-itivs (Fig. 85c)

t = 2,6d + 1,5 cu.

Distance from the edga ot 4net to the cent.r of thi rivet:

a - 1,5d-- 1,6d ci.

DistancP between tne rows of rivats with their bussing

arrangement:

a, - ON, cm.

Distanca between the rows cf rivets with their staggered

ar. an gemnt :

Ia, - 0,6t ca.

Co fficiznt of weakenin ta6 sheets:

x - td

• i.
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Fig. 34. On the calculation oi to rqinforcements of holqs.

Pag 187.

Tha force, which falls cn I cm of weld length:

2 P zlcml (268)

Key: (1). the kq/cm

where p. - high design pressure in the housing, kg/cm2 ;

D - bore of housir.g, cm.

Tha permissible fcrce P must tot Pxcead:

for th. singl!-row welds xg/cm P<500

Fr thi double-row welds witn the staggered arrangement of
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rivets P=390-950

For the double-row welds with bussing arrangement of rivets

P=390-1000.

Specific sliding resistance:

k= Pt- z (269). u.;li 7 Kkis ~ s

Key: fI). kg/cm2 .

P-rmissible. spqcific sliding resistance for single-row welds

k700 kg/em 2.

I]
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4-41
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8i. 5. on the calculation, oi tba riveted seams.

2~e183.

e38. Calculation of tiates.

Tha wall thick~ness ci the tube

S- + C'N'(270)

where p -maximum operating pressure, kg/cmz;
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d - bore of tube, cm;

,- limit of the strength of the material of tube, kg/cmZ;

o - modulus of resi.stance of weld;

C - addition -o the cvality, the corrosicn, etc.;

n - safety factor, ejual tc:

f r the liquids ........ 4.5.

For vapor..*......... . 5.6.

For superheated steam..... 7.1.

Tubes in wall thicxn.$5s of i~ss than 1 mm for the shipboard heat

sxchangars are not applied.

Thicknesses and outside diaudters of tubes are accepted cn the

standards in thq dependerce cn the internal diameters and the

.ressurls.

Th4 recommands4 tu ea for the hiat exchangers are shown in Table

Ig
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98.

Th-- pass--?s of branch ccnaections, welds, branches and the like

-for the connection of tubes to thne apparatuses take as the equal to

the irte4rnal diameters fcr tbta iittings, tbh, fittings and thz-

conduits/manifolis (acccrding tc IU0ST 355-53, TabL4 59) whose strengjth

must bs selactpd in depending on conditional pressurqs according to

GOST 356-52.

AA
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Table2 53. Recomme .ndid tutes zor tile heat exchangers.

Haitaicimie Tpy6ox~C Isa~teTPM, M&eHrocT

Lin noilorrcaareaekH o.iAa8 17113 CTam06) 301-30

.' u TPro 16,13 J~laryHb( 494-52
.In 'taC.IooX.aIITeeI 5 10/8 MejbxIo (2 2903-43

16114 J ~aryiib 49Y- 52

1" no.arpe Teaii oib) 10'8sr~xo®223L
iIc.1e t'Mowxa~~pr~i 16/13 MeaTbC) 445

ILin icryiiiiiiao wr pcna 36/2 Mearib ) 617-53

1.19 n0UIaIio Teou ( ( A) 9086ayb ) 443

2 ste it-,. I.aAHre fuel 1018 e ab. (5) 2203-13 () o

caac ir/ond nsersyo an1 1 oa13 ofwtr.() era ive.()

(1y (1) .or vaporirn/ purosetor (12)o. For. a eters. (3).Fo

air coolqrs. (14l). For evaryday apiaratuses and cisterns with

tprehaeating. (15) . For ccails cf Frelieating oil and fuel/propellant.'

(16). For manometers.
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Pag 189.

For the fittings aud te ccnnecting piaces of the

conduits/manifolds, manutactured rzom steel, pressure conditional,

workers and test are given in lable 60, and from the nonferrcus

metals - in Table 61.

.1



DOC = 80040210 FA E

able 61. Passes conditicnal ror the reinforcement, the fittings and

the conduits/manifolds 6CST 355-5z with th . limitation on a

*V~n-C1-1158-52.

Amaaueip. ycaon.INz npoxoaos, .m (10

3 20 50 100 00 300 400 700

6 25 60 125 (225) (325) 4,0 0
10 32 70 150 250 350 500 900
15 40 80 173 (275) (375) 600 1000

Not;. The valuos of the intarnal diameters, included in the trackets,

it is pearmitted to apply only in the excepticral cases for the steam

line.

K'y: (1). Diameters of ir:arnai diameters, mm.

Tab!z 6). Pressuros for tac relniorcsment and the connecting Fi3ces

of the conduits/manifolds made ¢c the carbon steel (according to GOST

356-52)

A
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l a l ti.+ m . IUcz l .1, 2 (i la w i v i,, s p a io q u e i.,. o m a unm e mp ~ /r

CJ il Ime (BeO r nepaTpax cpem a C. h z!ac.
yc )oaawe * TenepaType 0 3I 3V 0 400 4 5 40P7.i e N ¢ zp ' 200I 01 5j 015

pa I fPt Ps P4'"IP Pis

,2 1,0 1, 0 0.7 0,6 0.6 0.5
2,5 .4 2,5 2.3 2.0 1,8 16 1,4 1.,1
4 6 4 3,7 3.3 2,9 2.6 2,3 , .'

6 9 6 5,5 5.0 4A1 3,8 3,5 2,7
10 15 10 9,2 8,2 7,3 6.4 5,8 4.5
16 24 16 I1 13 12 10 9 7
25 38 25 23 20 I1 16 14 11
40 60 40 37 33 .30 28 23 is
64 96 64 50 52 47 41 37 29

100 150 100 92 82 73 64 58 45
I60 240 160 147 131 117 102 963 72
2M 300 200 14 164 146 128 116 9)

50 i. 2.50 '230 205 182 16.0 145 112
430 320 294 262 234 205 185 14.1

52 401) -Wi 328 292 256 232 NO
1.2 1500 460 410 365 320 2900 225

Kpy: (1). Pressures, kg/cia. (2). Eressures wcrking greatest at

tem neratures media in C, xj/ca2 . (3). conditicnal. (4). test (by

water at t-mperaturi lcbez than 1,.C). (5). to.

Page 190.

Tqsting the wall thickness ot tube to the thinning with the bend

with a radius of is lise 1,5d,

2,S +do - r •(271)

where s, - the wall thickness oi tube after bend, mm;

s - thi wall thickness or tute to bend, mm;

Ai.

t1
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d,- outside diameter or tune, am;

r - bnding radius cf tuuv, as.

Testing tube to the oend. The bending deflection of the tube:

A =5 -E/ ce. (272)

where G - weight of tube with .iiqud, kg;

- distance between su.orts (diaphragms, tube plates), cu; L

is accepted not more than 1.5 a;

2 - modulus of elasticity cf the material cf tube, kg/cMa;

I - the moment of the ineztia of tube, cm4:

where d.- outside diameter at tube, cm;

C/dLd,- bore of tube,

f
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Tabi: 61. Pressures for zae reinforcement and the connecting pieces

of the conduits/manifolds ircm the bronze, brass and copper.

RaMCHNSI, KZc 2
1.42 ) auaeHn pa0oiwe H6GabhUue npw,, t

ycaornite npo6.we (8ooAf Teneparypa CpeAW B C, KZIC.X(Y)
npH Temnepalype o 200 250(5) N"We O) p___ __00 PIT

I 2 1 1 0,7
2,5 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 1
25 38 25 20 17
40 60 40 32 27
r6t 96 64 - -

100 150 100 - -

160 240 160 - -

200 300 200 - _
250 350 2 0 _ -

K;y: (1). Pressurqs, kg/ca2 . (2). conditional. (3). test (by water at

temporature lcwgr than 1OUoC). (4). Pressures working greatest at

tamperatures madia in oe, Kg/cA2 . (5) . to.

Page 191.

Maximum p.irmissib]e oeno~ai diflection Cf tube y.,,-2 w4;tib mm.

*1
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Number of free oscillaticns/vibraticns of the tube:

a'- 9 OAWcK., (273)

Key: (1). osc./s.

wher o - a maximum benalL9 de£laction of tute, cm; g=981 cm/s 2 -

acceleration of gravity.

Test hydraulic pressure of th4 heating and cooling tubes of

apparatuses and quite heat exchangers is designated according to GOST

2029-52.

139. Calculation of bolts and pins.

Complete effort/fcrce, wach effects on all bolts from the

fnternal pressur4 of meaium,

Q =pF Mz4) (274)

cf Ksy: (1). kg.

wherF p - the dssign pressure of medium, kg/cs2 ;

F - area, limited hy tne centerline of packing, cmA.

Calculated .ffort fcr cne boit with the arrangement of bolts in

A"
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tha circumfer-nce (Fig. 86):

Pe=Q le. (275)

K'y: (1) . kq.

Calculated effort/tcrce to tad most loaded bolt during the

arrangoemnt of bolts on taa aliipse or rectangle with the relation cf

*the sidis of rectangle a/s<1.5 (Fig. 87):

PS-;- W. (276)

Kiy: (1). kg.

Page 192.

Calculatzd effort tcr ond colt during the arrangement of bolts

on rectanglg with the relaticn ci its sides a/b>/1.5:

Pe = kptr K2, (27)

,N ay: (1). kg.

where k - the coefficient of the tightening cf bolt, which ensures

the I4nsity of connecticn wita tne compressicn of the packing;

k=1.8-2.0 at tsmpprature oz meaiuz is less than 300OC; k=2.0-2.5 at

t-mperatur4 of medium is lass than 300oC; k=2.0-2.5 at temperature of

msdium is mors than 3000C;
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z - number of bclts i

T,

where U - a perimeter cz tne line of the arrangement of bolts, cm:

for the circumference
U -= wD6;

for the rictang'l

U 2 (a' +b');

for the ellipsa

u-.rWV2 (a"+ ,);

t - distance (space) between the bolts, cm, taken t= (3. 5-41) do -

for oils; t=(4.O-5.0)d o - for tne vapor, the water, the air, the

fue 1/prop llant ;

a - large side of rectanjla (semi-axis of ellipse) between the

centerlines of packing, cm;

a' - the same bet'uen the centerlines cf the arrangement of

bolts, cm;

b - smaller side cf rectdn~le (semi-axis of ellipse) between the

axial lines of packing, cm;

I;.

4,
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b' - tha same bstweean the centerlines cf the arrangement of

bolts, cm;

D 0- diameter of a circi ci the arrangement of bolts, cm;

r - small distance from zne center cf surface to the axis/axle

cf packing, cm:

do - nominal diameter of the tolt

do = 1,13J + 0,5 c, (278)

wher. .- limit cf tane strrgth of the material of bolts,

kg/cm 2 ;

n- safetv factcr, taken:

For the precisely executea nClts and the bearing surfaces and

the soft jcinting material, aa also for the cases when it is known

that the material of bcits sati.sfies the technical specifications

. . . . . .. . . . . . . . . .. .. . 3

=or the wll machined cclts aad th. surfaces and the soft

Jointing material ...... 6.5
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for the bolts, not not coakletely which do not satisfy the

condItions, presentead wt n . ..... ........
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t t t

Fi. 86. On thp calculation ct tha bolts, arrangad/locatqd in the

circumference.

Fiq. 87. On calculation cf clits, drranged/located in ellipse or

recta nglq.

Pagqn iq9.

Stress/voltags in the stream of thi bolt:

R, - 1,27- , kz/cz', (279)

Key: (1). kg/cmz.

wherm d,- diameter of tolt cn the female thread, s
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Th,4 permissiblb icaas ana ztresses/voltages for the sealing

* bolts with tha metric thraad (without taking into account th-i

coefficient of the tighteainy at bolts) are given in Table 62.
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T b!- 62. P'4rmissibl.- Icads aaa stzssrs/voltages for -the sealing

bolts with tha metric tflt-aa.

£aveITp A onycKaeauaa .arpyjKa lonycKaesvoe i anpReHie

6oATa. a xz npp n PaRHOM ( KZfrM2 nPI n. pan oM )

, 5 6,5 5 6.5 8
18 12 9 6 -37 29 20

MI0 58 46 31 114 90 60

M12 140 110 74 188 148 99

M14 256 202 135 251 198 133

A116 441 319 233 313 226 165
M18 595 470 314 348 275. 184

M20 863 . 682 457 391 309 207

M22 1182 934 625 428 338 226

124 1425 1126 754 449 355 238

M127 2048 1618 1083 489 386 2.58

3130 2615 2088 1383 514 406 272

M136 4162 3288 2201 358 441 295

M42' 6067 4793 r09 591 467 313
M48 8329 6581 4405 616 486 326

Nnl-s: 1. Tabl, is given for tne oclts from th ccmmon bolt material

St.4 azd Stl 2). With tne use ct cth-r materials the Drmissible

loads and stresses/voltage6 for tbe bolts must be changed with

rssp~ct to a change in xha .Limits of th . strength of mater. als.

2. With incrsasr in zeampezat.L allcwabls stress in bolts and

pins must descqnd in acccraance with incidence/drop in limit cf

strength of material.

3. Sralinj bolts in I;amesEz 1- ss than 12 mm fcr shipboard
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apparatuses are not apFliea.

4. Upon consil: ratacCzr ic.Lc of tightering of bolts

p-rmissiblA loads and strsst- /vo.ragqs, indicated in tablea, must be

incr'as d to coefficiart ax titt~ening of bclts accepted.

K--v: (1) . Diame4ter of olt a.. (2) . Permissible load in kg with n,

equal. (3). Allowable stress ifn xg/cm 2 with n, equal.

Pag 194.

Calculation of the illet/shoulder cf Fir (Fig. 88):

thickness of the fillet/sncuiuer of tha Fin

c*0 (280)

K.y: (1). cm.

Diameter of tha fillaz/saculd~r of ths pin

d, 2 ' is. (281)

Key: (1) . cm.

of uniform strength conditions of fillet/shoulder and pin the

IAIA
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sizns/rimensions of filiet/shculdar must not te less

dG > 1,4d.

H ro R,,- allowable stiess in tae fillet/shoulder on the

shear/s-ction, kg/cm 2 , ara acc, zpea R,--O,6 R,;

ReM--allowable strass in tni fillet/shculder on the warping,

kq/cm2; it is received /?. - ,8 R;

R- permissible tensile stress, kg/cM2 .

Remaining designaticns tne same as in the calculation of bolts.

Th i Min4 mum distarces tetwe.a the bolts for the unscrewing of

nuts normal flat/plane ciia-ena w~rnchas are given in Table 63.

110. Calculation of flanges.

Thickness of ths clicuiax cast flange (Fig. 89)

j/6-ia: +C (282)

Key: (1). ca.
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4t ' - j

Fii. 88. On the calculati~c ct tae fillt/shoulder of pin.

Tabl 63. ninimum distances jiiee the bolts.

12 14 16 (18)1201(22) 24 27 31 36 42 48

t .26 31 35 .42 45 52 60 60174 71 82 92 106 19 132

t2 30 35 39 48 52 56 67 780 80 89 98 114 130 145

c 12 13 15 IN 2-2 25 25 . 30 303336 41 46 50

The iisignations: do - noainal diamstar of bclt, mm;

tj - distance between ceatirs during the r~moval/taking of the

kry/vrrnch upward, mm;

t2 - ]istance between centers of bolts during the removal/taking

cf kny/wrnch to tha side, mm;

c- distance from axis/axle of bolt to the wall, mm.

' ! i.
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P~gi. 195.

Thickness of circular weided tlangs (Fig. 90)

S=r s (t_ )d t + 1,2 cm. (283)

y: (1) . cm.

Formula (283) should De d-ilid cnly fcr mean pressures and

diam-iters, for other cases it is necessary tc use formula (282).

Thickness of th;e reczaagular (Fig. 91) or cval flange

s - +C CM (284)

Key: (1). cm.

Thickness of thl flcaziny flaag*- (Fig. 92)

s -- 1.225dI/(- -) + CA. (285)

Testing bending stresses in the critical secticn/cut of flange

(Fig. 93) can bo producau accordiag to the fcllcwing formulas.

.1

'Av
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FigQ. 89. On the calculaticn of tni circular cast flange.

vi;. 1O. On calculaticn cz circulaz welded flange.

CL

Fig. 91. On calculation cZ rectanyular flange.

Fig. 92. On calculation cf tlCatinj flange.

C'
d A

Fig. 93. On calculation cf critical section/cut of flange.

Pago 196.

.1"
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8Bndi-ng stress in sect.icn/cut AB on the flange ridge

3P,x Irg - Vr + s')' xzleCAl. (286)

K-,y: (1) . kg/cm2 .

3aen.Irig strass in secr-.on/cut AC on the grocv - of the flange

3Px1r (r + s , + r) S

Kp y: (1.kg/cmz.

Testing flanga joint to tne density is determined from the

formula

t -t (288)

where ar.<10 - for steel and trcnze;

ct- for cast ircn.;

9Aers s -thicknese ci zlanya, cm (in the presince of grccv.e in

thi critical saction/cut -za calcuilatsd thickness of flanga must be

incr--aseAd at th? d,?nth of groove)
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p - the design pressure oi medium, kg/cm 2 ;

a - distance frcm the cenaez cf bolt hcle to the wall (flanging

or ring) cf tube (arm ct o nd), ci cm*

P0 - calculated eficrt/fcrce per one bolt, kg:

z - number of bolts;

D - diameter of a circle cr coupling flanged tube (critical

s,.ction/cut) , cm;

k - coefficient of the ti atening of the bclts (see §39);

r- radius of the cuter edge of groove, cm;

s,- thickness of tlaage in the section/cut throughout the

groove, cm;

S 2 - thickness of tute in the place of its coupling with the

flan q, cm;

ro radius of a circle ci the csnters cf bclt holes, cm:

A
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r - inside radius of housing (tubs), of cm;

D - outside diameter if tlange, cm;

d, - diameter of toE cenzer line of packing, cm;

d- bor . of flarge, ca;

d - diameter of belt hcle, cm;

C - addition, cm;

t - distance between the ocls (space cf bclts), cm;

3=0.43 - coefficient fcz nae zianges, which are not subjected load

frcm the pressure of the packing/seal (flanges with the packing,

which pass all over end suriacu from th- action of the tightening cf

bolts do not test stress/vcitagE cn the bend);

9=0.6 - coefficient for ta. flages, loaded on the bend with the

act!in of tha sealing Exessura (fLangqs with the packing on the part

of th= 3nd surface)

4*6 _allowable stress cn tne bend, kg/cif;

.,&
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whjre 26- limit cz the _zrangth cf material, kg/cm2 ;

n - safety factor, taxen

For the steel flanges .. . ........... -6

for the bronze and trass i1auges ........ .6-7

for the steel and bronze casting,-........8

Page 197.

The calculation of flanges for rolling-cut, for thread, for

rivets or combinations c± them as produced acccrding to formula (283)

for the welded flanges.

Flanges for the brarcn ccnnactions cf heat exchangers are

accepted according to GCST to tae ilang s in the dependence cn the

internal diametqr and the ccnditional pr.ssure (GOST 355-52 and GOST

356-52).

J. Calculation of the tuae plates.
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Thi tube plates are one ot toe most critical parts of tubular

heat exchangers. Workiry conditicns of the tute plates depr.nd in

essence on designaticn/juzpcse ana constructicn/design of heat

exchangers.

In th- practici fcuvJ use ten stated belcw procedure of

calculation of differert ture kiates, based cn the theory of the bend

of plat.s taking into account the rasic special

fmatures/peculiaritis of zae design concepts of haat exchangers and

working conditions fcr tb--i.

Let us introduce the follcwitg convqnticral designations:

p - design prissure if mdiui, kg/cW2;

s - thickness of tne tuoe ilate, cm;

r - calculated paravater of toe attachments of the tube plate,

cm;

r, - radius of a circle ct tc1t holes, cc;

L1
'I|
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b - smaller side of tae rectangle, limited by the centerline of

bol4 holrs, cm;

b, - smaller s i-axis of the ellipse, limited by the csntoerline

cf bolt hol-.s, cm;

a - large side of the rectangle, limited by the centerline of

bolt holes, cm;

a, - s.=mimajor axis ol the ellipse, limited by the centerline of

-ol% hcles, cm:

D,- diameter of the cennar line of packing, cm;

'-outsidp diaet r ci rutes, cm;

n - number of tubes;

t - space of tubes bitn tneir laying cut on equilateral

triangle, cm;

tj - space of the arrangemen; of tubes in the serigs/row, cm;

I - space betwscn the s.ries/rows cf tubes, cm;

.1
A
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do - diameter of ccnnectxc(n/communication on the female thread,

cm;

z- numb: r of ccnnecticns/comsunications;

r.- radius of a ciccle ct tne arrangement of

conn~ctions/commuinicaticns;

c- distance betwdeeu the cen;.erline of bolt holes and axtreme

seZ4i S/roW of connecticus/ccmmunicdtions, arranged/located alcng the

* 1arga sidei of ractangle cr alliise, cm;

c- listanca between tie series/rcws cf

conn- cticns/communicaticns, arrangjed/located alcng the large side of

r~ctanglc or ;?llips-4, cm;

C3 - distance between ccnnections/ccmmunications in the

* slrieS/row, cm;

L - calculated bond length Naistance betiseen the planes of

framing), sA
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Page 199. 0.5 -.J

0) Cl0
28es,5.032 *2om5D6

80 omd

Fig, 94. on calculation oi circular tube plate, not roinforced by

connections/communicaticns.

Figq. 95. on calculation cr circular tubs plate, reirfcrced by

connictions/communicaticns.

Key: (1). openings. (2). opnajngs Zor ccnneCtions/communicaticns.

Pacps 199.

Th thickni.ss of tae cizcuiar, rsctangular and elliptical tubs

plat-s, not :reinforcsd 4,d :eintciced by ccoflections/ccamunications,



DOC 30040210 PAGE

is dctsrminsd frcm th-a rcrmula:

S r,/+C CA. (289)

The calculatpd parameter or tne attachment of tub;e olate r is

sr-lected onTab1is 6 in daenuin on form and metiicd of attachment.

c-ffici--nt ~,which ccusiaez ths methcd cf --he attachiimnt of

.hs -cub-- plate In lep rdanj cn its form, is selecte d on tables 65 and

A-
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IablV 64. Valus of th' calculacid parameter r.

*OPua Kt Cnoco4 3aKpenieHJn TPY6HoI AOCU (7 ________

jAs scpyraoik aiomi. nc noascpene iof (pic. 94) r
a noAxpentusoit (piuc. 95) casnasuu(

A . llpsmoyrojibsofi 3omtf. Hte rioaxipenueitiofi cDI-b
3M(Pstc. 96) (3p

ALas 3iAMnix'ieCXIcR a~octut, ne noRxperIjeHNoR cogu-b
3261M (*) r(k)

ARs npuuIoyroAbIIOA (psuc. 97) ntn 3xilnrInqecKORl AOCsn. C1 Ifin el
flonIpeTIAC11nio Ii KCPIMM WI.NS PacnOpHbMBI CU3354Ui

[(npI#IIHWaCTCs doaibwax aeASM1113s) )

K'4y: (1) . Form and methcd of zae attachment of the tube plate. (2).

For circular panel, not reinforced (Fig. 94) and rsinforced (Fig. 95)

by c-3nnictions/communications. (.3). For rect.angular panel, nct

roinforced by connscticns/ccamunications (Fig. 96) . (4i). For

elliptical of panel, nct reinfcrcai by ccnnecticns/communicdtions.

(5) . For rcctarigular (Fig. 0) cr ealliptical paneal, reinforcsd by

anchor or stays-holt Usacce~ted righ value) . (6) . or.

22 0*11 eiuia1

Fi-j. 96. on calculation cf rectangular tub,; plate, not reinforced by

conn-'icticns/colm3uficaticflS.

Ka:A.nJns ().IICieS
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Paga 200.

T Y Y T 4

1170

Fig. 97. On calculation ci rectanjular tube plate, reinforced by

~~~connc tions/comm unicat i n ..

Kmy: (1). Thicknmss. (2). opea;.ngs for ccnnecticns/communicaticns.

'4

K ),, . . :. .. . ..... .. . ... ' [
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(3). openings.

Page 201.

The values of coefficient oz A ra given as average values for

th= supported and jammed plate.

Thi coefficient of waaxaning the tube plate i is determined frcm

the follcwing formulas.

During thR laying cut of zubas on equilateral triangle

(290)

During-the corridcr oc cbeckered laying cut of the tubes

d2

S= I -0,785. (291)

Tha values of ccefzicient in depending cn the diameter of

tubes and their space, that bdVe great use/application, are given in

* Table 67.

Coefficient 6, considering a change of the specific load on the

- tube plate-in ths d,.pendencw cn the diagram of heat exchanger, is

determine=d on-fablls 68.7

j.
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Tbl - 65. Value cf ccefficienzcof 'P.

*oPva H ctocoO XKeCi3JIHNU Tpy6NoA ADCKM o.() ,mqe~

Zug upypOl AOCim. we ftoAxpeufleumoA can3su 0.5

An xcyrAOUA I.OCKN. n0Axpe~vkHoA allxePHIArn MAN 0,75
pacnopHb1mn CaaRn&[i (pNC. 95) (~)Q

A upamoro1bH&OiA OCXH~. He IloAKpeIferntOf CSA- nlo ?a6JI. 66
3S31, 3HaueHHe +. sepnercz 13 3lUHCHMOCTH 01 0190.
Ifltait ciopoit npnRM0yrOGIbHma alb (puc. 96)C.5)

(jaAS nMqeCXoIA .OCxu. He =oKpenxemIon can3s3H1.
2' 2 b4

Ann npS~ioyroJbHoA xt 3jA~un-rnqecxoI AocxiM, if01- tno Taft. 66
MI3MCHBOR aHlKePHNhaE wAi pacnopmIn casRimH. win-

qemite 4. rnadwpaecus B 3gBIICHMlOCTH 01 ollioweHits cr0-
poma npsieoyroihHImxa a maxu noayacit waninca a, x Pac-
CTORIUSwD C1 KH CS (it 60AMweC 6c.7nxhfe). pitc. 97(1

Key: (1) . Form and mettcd ct rastaning the tube Flate. (2) . Value.

(3) . For circular panel, act ranfcrced by ccnnections/communicatiJons

(Fig. 914). (4i). For circular janel, r;4inforced by anchor or trace

connecticons/communicaticns (Fi . 95). (5). Fcr rectangular panel, not

reinforcea by connecticns,/ccmmunications, value of is selected in

dsoandina on rslation cf sides cf rectangle a/b (Fig. 96). (E). On

table:s. (7) . For elliptical janfl, not reinfcrced by

connections/communicaticns. (8).* Pcr rectangular and elliptical

par.-l, roinforc-d by anchor cr stays-bolt, value cf )pis selclcted in

dsp zndi ag on ratio of Eida of recrangle a or ssm:1-axis of allipse a,

4-o distarncp of o~l or C2 (tc lar-ar value), Fig. 97
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Tab!i 66. Value cf ccefticient ci 4 for the rectangular and

-114tical pan-ls in dcjrnunq cn the relaticn of their sides or

s-mi-axzs.

1,0I 1.11 1.2j 1,3I1,4 1.5t 1.611.7 1.8 1 9 2.013,0 4.01 5,01
jiO10.3.3710. 41 l0.441O.47J0.491O.5lfr.531.5510 5610, 6010.6210.631O.6

Page 202.

Table 67. Value of coeffICIent S.

d,. 17 16 10

0=1-0,905 J t 22 20 21 22 12,5 13 1,35
___________ I .6010,47410,5210,42 j.J~i

I S - I I

7 ,0.4 .2 0,7 ,2104 0.46510.517

tI 22 26 26 26 15 15 is
= -0,78"5..- & , 9 2 1 I J2. -

S19 20 21 1 13 13.5
0. 46 106 10,&i0.63 10.58310, M1 0,6 1

.1
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j~-.tL ~Valup of ccefzjcjnt

Cxeua Tenaw06wmCmIIa wI n1Iow4eie Narpy3IcN0  j qu a

LIIN TPY6IrI.I 20COK .I1t601 t~OPUM C flyRCOAt V-o6pa3- 64 1
HuiI ipy6oK (pitc. 98A) iuut nyqKO~i npambix Tpy6oiC. 0AHN
KOHeU KWTO~bIX 3aicpefl.ieI a iiefl0ABH)4KO. a 8TOPOR -
a flaeajeRi rtpy6moii iocxe (pitc. 99) npm Ae~icTUHI.
IIarpVJII C Aao6oii CTwPa114(

Mita Kpyr.iMX TI)Y~IUX aucoK c flyqK0* npumiU1 TPY'
Oox. 01111 KoIeU KOTOPWAX CUCApd.CH a HiICAD4CHOi,
a 9iOPO) -.. R hI1BhI0HOR R Ca.1b~iIe TpyGIIO0l AOCKII,
c"IpellhIoiI C IvpuwKOR (Plnc. 100) I

ai) ntip AeflCTiiar plpy1ii CO CT~p0Hlb KP..,K rfY a

6) npit IciiCTDIHII Harpy3ic CO CTOPOHbi me)acrpy6- £ i d-/
tooro npocypanICTuaM

~las Kpyr.1iw TPYOHwUi .1COK c nyqxoAI zp*MbMX Tpy-2
60K. 3a ecn.-,eaiagx a liivx IICUOlUHlIbX TPY6IIUX n
Iocxax (pawc. 101) Hall1 0.iio11f 3 IflIIIX, flO;lHII)IOiI a C3aib- e I -
rnime. 10 lie CKpM3n1ilani C KPtdWNUA (PUC. 102), npH
3eicTmah iarpyAuss c .mioku cTmponi~t ~ ________

lasi flps.oyro.hh)hIX Tpy6IhIX .Aocoa C fPlpaMhIa d~a
Tpy6Ka'4a. .3KPen.ellHbiiH a IByx HenoaRIM~HhaX Tpva. c= 1-0,785.--
Hhil Iocxax (pinc. 101). ripa .leACTRIIH narpy3KH C ab160

l1.iai 3AwnlThi'eCmil TPY6i1aX AOCO C flPRA4MI Tpy6-2
K3%1".* 3aKPeht3IC"II3II 8 ZIBYX HeilOA8Hn)IuIX TPy614WX d?,f
Axo..ax (paic. 101). np.. iificiewu marpy3Kic c ;io~6oA 4ajbj
CTOPomdh (7)________

the i-asignatiors: a and k -siue or thz- ractangle; a, and b,

stimi-axis ofl ellips: , they dra accapted to the ceanter line of

packing.

K- y: (1) . Diagramn of heaz axcaanyer and load application. (2) . Value.

(3) . For tube olat-is of any fcrz with b-lam cf V-shaped tubss (Fig.

91) or by pencil of straignt linft tutzs whcss one,, end is attached in

fixc'i, mid by th,? secora i n z~caring tube plate (Fig. 99) under
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effrct of load from any side. (4). For circular tube plates with

p.ncil of straight lines tutes bhose cne end is attached in fixed,

and by the second - in acaile in gasket tube plate, fastened with

cov-r/cap (Fig. 100).

a) under the effect oi lcad from the side cf covers/caps.

b) under the Pff;ct of loaa from the side of inter-tuba space.

(5). For circular tube jlares wian pencil of straight lines tubes,

attached in two fixed tuta plates (Fig. 101) cr one of them, mobile

ones in gasket, but not fastened with cover/cap (Fig. 102) under

effect load from any side. 16). For rectangular tube plates with

straiqht/dircct tubes, attached in two fixed tube plates (Fig. 101),

under effect of load fica any side. (7). For elliptical tube plates

with st=aight/drect tutes, attached in two fixed tube plates (Fig.

101) under effect of lcad zrom any side.

Pageg 203.

For the design pressure of medium p is accepted tha larger

pressuri of working medium, waich effects on cne of the sides of the

tubp plate.

For vacuum capacitcrs the design pressure increases by I kg/cm 2,
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which considers tha grsatast ossiLli vacuum in the

capacitor/condenser.

For the vertical tube Lar-s at theiL relatively larger

dimensions and weight anc icw f z-sur;s cf wcrking media the design

pr:ssuri incrqases by tie total weight of tubes, if it comprises more

than 10o/o of the load, createa a iressure cf medium.

For the circular tube j;lates, reinfcrced by anchor or

stays-bolt, design pressure p takas as the equal to the given

specific load P'z, determined according to formula (296). For the

preliminaty determinaticn of tn taickness cf the tube plate from

formula (289) t.ntatively it is accepted:

p- (0,5-, 0,6).p Kz/cA' (292)

Key: (1). kg/cm2 .

Full load from the Fressuza oz working medium on the circular

tube plate

Q-O,785D,'p 1C2.(23 t,, (293)
ty Key: (1). kg.

'Al
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Fig. 98. Diagram of heat axCadar with the V-shapzed tubes.

-ij. 49. Diagram of heat excaanyr with floating tube plata.

Fig. 100. Diagram of hEat excndnqar with mobile tube plate and

co vqr/ca p.

Fig. 101. Diagram of heat zxcaanyar with twc zecurly fastanced tube

plat=es.

Fig. 102. D4 ag-ram of hzat jxcaicaj with motilc tube plate and fixsI

cov r/c a.

A
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Fagp 204.

Load, which falls tc tue arcaor stays, arrangid/locatad cn the

circular tubg plate,

,(,0 ms. (294)

+ 1['r- I 34, (-rg

Load, which falls tc tub- iate,

PS= Q - P, I. (29).

Key: (1). kg.

Given specific load cn the circular tube plate

A C/C 1  (296)-

K-y: (1) . kg/cm2 .

Load, which falls to one connectica/communicaticn,

Pe =.= P1 (297)

V %y: (1) . kg.

Tha advantageous reldtion ct the radii cf a circle of the

arrangement of ccnnecticEs/ccamunaications rc and bolts r, is within

the limits -. 045--,5.

Po-.sson ratio j is acceaprc:
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for steels ............. 0.3

For brasses . .......... 0.33

0.314
Fcr thi bronz ; . ........

Th4 spacing or anchcr stays, which fazt r rectangular tube

plat.s, are designed frcs the sgaliest secticr/cut of

conn~ction/communicaticn zor tne icad, which falls to the area,

supported by connection/communacation.

Onc serips/row of ccanecticns/communicaticns along th_ line cf

centers to establish/irstall is nct recommended.

Allowabli stress cn zaa bend in the tute plata is designated

according to the forffula

R "
Rb -Lb .(298)

Safety factor no wZtn resFecz to the lower limit of the

strongth of matsrial oo of tai tune plate. at operating temperature

of medium to 200 0 C is accepted

no )4.

Paga 205.
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At high-r tampgratuxis tne value of ultivato strength is

acc=pteI at i orsscribeG/ass jnea calculated temperature with the

subsquint tasting of strsses/vol-cages on the yield point of

matprial @3; saf.ty facTcr in tis case must te not less than 1.8.

Adlition C to ths aiaus tcierances Cf rolled stock, treatment

and for the corrosion ct tne zute ilates, etc.: A

CM

for the thickness of panels tc 2.0 cm ............... 0.1

For the thickness of panels frcm 2.1 tc 4.0 cm..... 0.3

For thi thickness of panels trom 4. 1 tc 6.0 cm ...... 0.3

For the thickness c panels azo more thar, 6.0 cm. 0.4

Thi smallest thickness of tha tube plate in the place of the

rolling of tubes, frcm the ccnditicns of guaranteeing of strength and

density of their rolliny-out, must not be the less outside diameter

of tha tubes:

[ The smallest thickness or tae tube plate in the place of

w-akening by its grocves, grocvGs and its snvelcpment under the
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packing/seal flingos must not tE less:

sale Zal S V -1.57y

The thickness of t~e sealing hart of the welded tube plate must

b- dasijnad just as flank.

l+ing strisses/vclages in che bridge cf tube plate, Fig. 103

(between four tubes), iz prcducea according tc to the formula

P a a/cA',() (299)

Key: (1). kg/cm2 .

whor! L- half-sum of tne sidis of the rectangle, fcrmed by fcur

tubas:

1 - 0.5 (t + t).

The det.rminazicn c± vaiuss z, and t2 see in Fig. 103.

Testing the reliability or tastening the ends cf the tubes

against their extracticn is roducad according tc the formula

P1 :(300)
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*Fig;. 103. On thc) calculati.cn ci ta,; brili~o of the tube plat !.

Page3 206.

Th-1 araa b,?twe,4n fccz LuLriz i (in Fig. 103 cross-hatched) is

for th"- tubps, arranged/locamea on Pquilatpral triangls,

f/.0,8660' - 0,785d. cM's;

-for ths tubss, arrang-4d/locatf-a ia ths ccrridcr or checkered crde-r,

f- t14 - 0,7854 C.2

Allowabl stressqs ca the extzaction of tubes must be net more:

R.,.,40 'g/cin? for thz tanss, rolld in thie cylindrical holes;

R" . 5 kq/cm2 - for zaa tuoes, rollel and flanged from one end;

R.8,1-670 kg/cm2
-fcr tha zuoes, rolled andi flangad from two
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st~rs/voltag- in th ancncr stays is letsrmined

R2~ ~ m R, O.Kdz M 08 C/J4. (301)

by Key: (1). or kg,/cm 2 .

Allowable stress in tna aacnor stays during the hydraulic test

cust not axcsel

R. x/L O (302)

Kqy: (1) . kg/cmz.

where- 2, yield poin- ci mat_ ziai, kg/cm2 .

Breakizvj stress on the bucxling in stays-bolt:

R== 2 cI~2 (303)

Key: (1) . kg/cmZ.

RadiUS of inertia cf ccnii~ction/communication of tho round

cross-s action

*A Cie.

Th-3 modulus/module c.- tha rozzal elasticity E is accepted:
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for steils kg/cm2 . .............. ( 2 . 0- 2 . 2 ) . 1 06

For brasses ....................... (o.65-1.0).106

For the bronze .... ................ (0.9-1.2).106

Staibility margin in stays-toit with the buckling

-=;> 4.

Pagq 207.

Here by R, is ix~liad pfrxzssibls compression stress, equal to

permissible tensile stress.

For the purpose of a reducticn/descent in the thermal stresses,

which appear in the tube plates, ard alsec the tubes in the places of

thc-_'r rolling in th: hcusings o ta. heat Rxchangers, which have

rigidly by them is mcre than 1 z tte silt of the working under

conditions relatively higa temperatures, it is necessary to produce

testing the ccmnqnsaticn capacity cf apparatus and in the necessary

cases to provide for the installaticn of coEpensators.

S42. Calculation of thp compensaticn capacity of apparatus.
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If in the tube system of djaratus straight/direct tubes are

rollad in two tube plates, ri idly fastaned with the housing ¢f

apparatus, then in this cas, snculd be manufactured the verifying

calculation of "he ccmpensatica capacity of a~paratus.

Thi. elongation cf tha nousing of apparatus under the action of a

diff3rence in th- t.irccratures:

K, -,,( - tJ C.M, (304)

where a, - a coefficient or tai liiear ixpansion of the material of

housing on 10 C;

-- length of housinu (usually is acceptsd the distance between

the tube plates), cm;

- mean temperature cz tha wall of hcusing, oC;

to - temperature cz aparatus during the assembly (it usually

takes as the equal to 15-20°C), 0C.

The elongation of the tunas of apparatus under the action of a

difference in the tempeatures:

'Is all' K(, - .,. (305)

whirz a, - a coefficient oi te llaear ixpansicn cf the matarial of

tubgs o3 1 0 C;

-"
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4--- length of tuhes (distance between the tube plates), mm;

- mean temperatuze of the wall Cf tube, OC;

to - temperature cr aj azatus during the assembly, OC.

Difference in the elongaticns between the elongations of housing

and tub-i (amount of strain):

UA1 , - U' C. (306)

In obtaining U of jositive the tubes additionally are

dilated/extended under the dcticn cf the elcngaticn of housing. In

obtaining -i of negative the housing additicnally is dilated/extended

under the effect of the elongation of tutes.

9nd secticn.

I.
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Page 208.

The effort/force which apiears in the tube (housing), called by

the elongation of housing (tures), according tc the law Cf Hccke:

p IEK 9 (307)

where E - modultus of elasticltj of the material of tube (housing),

kg/cuZ:

F- cross-sectional area ct tube (hcusinS):

F -,0 o785 (d2.-d.2) c s,

where d, - outside liameta: cz tube (housing), cm;

d.- bore of tube (housing), Cyn.

* The effort/force, which ap.ears in the tube (housing), called by

the intqrnal pressure:

A j
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P2 =o,78,dWp , (3o8)

whera p - internal pressure in the tube (housing), kg/cm z .

Total effort/force in the tune (housing) from the action of a

differeice in the temperatures and internal Fressure:

pl.=,,ps S rig. (309)

Total strass/voltage cn the treakage in the wall of t.,'h

(hcusing):

R .. P. . ,/CM2. (310)
rF

If obtained values P,,. and R,. are irsignificant, then

compensator on thq appaxazus it is not required.

Compensator on the apparatus is establisbed in such a case,

when:

1) total stress/vc1tage cn the breakage in the tube or the

housing .xceeds allowatle strass, i.e.

ecy > Ros,
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vher-_ R... - allcwable atras. in the wall of tube (housing), cf

kg/cm 2;

2) the effort/fcrce, which aiears in the tube, exceeds the

permissible load on the extraction of the ends cf the tubes, i.e.

Pc. > P..,.

wher. Pma, - permissible icad on rue extracticn of the ends cf the

tubes: p..=R...-d.Y K.;

R,,,- allowable stresses cn the extraction cf the ends of the

tubes (see page 206) , Cf kg/cm2

, - the outside diareter cf tubes, cm,

y - depth of the rcliing-out cf tubes, cm.

According to the elFarimental data the safety factor of

rolling-cut n, i.e., the razic cf force P5., which extracts the

roll.d tub., to pewrmissitla &caa P on the extraction of the ends

of the tubes composes 2-25.
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Pagp 201.

For the approximate computaticns of effcrts/forces and the

stresses/voltages, which aepear in the tube frcm the temperature

elongaticns, can ba reccamended the follcwirg simplified formulas.

Thq force, which a laezs in tne tube, in the absence of the

compensation for tempezature eicngations apircxizately is determined:

for the steel tubes

P-75ds kg; (311)

for the brass tubes

P-57ds kg. (312)

The compression stress or elongation in the tube from the action
* I

of tsmparature slongat!cns in tre absence of the compensation for

tube is determined:

Ifor the steel tubes

4$

d1i
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R - 241 kg/vcz (313)

for the brass tubes

R-18at kr-./CR 2 • (314)

The bending leflecticn of tube in depending cn its elongation

approximataly shares

y =,VO,375IA*+y,-y, . (315)

Here At - incr~ase in tke ttmfrature against the assembling,

0C;

d- the mean diameter cf tube, cm;

s- the wall thickness ot tub*, ca;

1 - length of tube, am;

Jr" Al - difference ir the elctgations cf hcusing and tube, am;

Ui i. .
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- initial sagging/deflicticn of tube, mm.

43. Calculation of tIe aijarsicr bellows.

The expansion belicws bita the necessary calculated values is

depicted in Fig. 104.

The wall thickness cf tie lens

s 0,67H/T CA, (316)

where H - a projection of sizes/dimensicns rl, r2 , 1 lens (Fig. 104),

cm;

p - internal pressure in the compensatcr kg/cm2 ;

I - allowable stress cn the tend, kg/cm2 .

The complete effort/force irci the internal pressure, received

by the walls of the lens

Pe = 0,785p(ef - d2) , (317)

where d, - diameter of the lens cf compensatcr in section/cut AA, cm;

S.d, - diameter of lers in section/cut BE, cm.

"!*
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Page 210.

Force from the internal iressure, which disrupts the wall of the

lens cf ccmpqnsator acccrilag tc tue diaaeter of lens d1 in

sec+icn/cut Ah:

P P. (318)

The reaction, ccmriesxvi tae wall cf the lens cf compersator

according to diameter d," in secticr./cut EB:

Ps=P.-6A k . (319)

The force, which akears iz tne comFensator from the defcrmaticn

cf one lens to value +-Ax--C.5t2 (with the Freccmpressicn or the

elongation of lens on *-Oz):

f Ax__ k,(320)

where Ax - an amount of the defczmation cf cne lens of the

comFensator;

E - modulus of elasticity cf the material of lens, kg/cM2 ;

SI,,p0, 262 d,s' - moment ct the ierrtia cf the cross section of the wave

of lens, rectified on its aveLdge/mean diameter, cm';

dV.pO,5(d%+dj)- tha mar eiameera cr the lens cf compensator, cm;

'I
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"b- coefficient of the conftiuration cf lers, cm3 ;

Ea- coefficient of the confjiuxation cf lens, cM2 ;

Zs.- the reduced lencth of the wall of lens, Cm.

i,
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ff A1

SI -

Pig. 104. On th- calculaticn ci tbh expansicn tillows.

Page 211.

Values of the coefficients c configuraticn and reduced length:

1. For case of r1 r,; t {j:

X-n f, -' 8 , + [r,(r,++ +Pji[i ++) +

+ 2 (r. + 1) r, + -!- r2JJ4

Ea -£ a {(.+ _2)r2+ (2r, + 1) + r, r(r. + )+ 2r,J;

ES -- [±(r+. ,)+ ,].

2. For case of rira:r; lto:

=,- 4 r-3 + +, ,+- ] +,[ -(r + t +
1 2

+ 2(r+ I) r + -Lr

Ea.n (Q - 2)r + (Zr + ) 1+ r [:(r+)+2rl?;

Zs=-a(-F+ .
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3. For cas1 of r 1 ra; 1=:

2b• 43 - r. + 2rr, + TLr2

Z:a = nI(= - 2)r2 + r, (-r. + 2-,));

S. = -4i (r, + r,).

4. For case of r1 =ra=r; I=C;

Zb- 4,71nr3 ;

Za = 6,28nrz;

Es. = 3,14nr,

where n - number of half-lenses in compensatcr.

Pinching moment/tcrque, calied by the defcrmation of the lenses:

M_- _- X9 yCEa. (321)

Bending moment in tba critical section/cut cf lens (section/cut

AA) ;

* M.=PJH--M. KCM.. (322)

OEM
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Page 212.

Bending stress frcs zn6 action of mcment/tcrque in the critical

section/cut:

___.,-p t ,,cU2 , (323)

where IA=0,262 Is' - mcmen. oi the inertia cf lens in critical

sacticn/cut, cm4 .

Bending stress from the irteiral pressure:

o0.45ph' ky/CM2 . (324)

Total bending stress:

R----R;+ff, kg/cm, (325)

Plus sign is - with tan ucix cf comuensator on elongaticn.

Minus sign is - witt the wcrx of compensatcz on compression.

Stress/voltage cn tka oreakage ftom the irtqrnal pressure:
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R, - _2_ L ,9/c,,z. (326)

Resulting stress/vcltage in the critical secticn/cut

R, -I + k! kqc/C. (327)

Axial force in the kousing cf the afparatus:

P"=PB+P, ag. (328)

Stress/voltage in the wall oi lens in the place of fastening to

the housing (section/cut EB):

.4t (329)
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Page 213.

Chapter VII.

EXAMPLES OF THE CALCULAIICNS OF ThE STREVGTS CF PARTS.

~ 44. Calculation of the strenytb cf tho walls cf hcusing.

Cylindrical wall.

Initial data for the calculaticn.

Material of the hcusing of fuel heater: steel st. 3.

Calculated (working) pressure of saturated steam in the housing A
Bore of housing D,- 283 xv.

We accept.

j y0,8- the modulus of resistaace ot weld (on Table 50) ;

.- 38 k /im- imit of tas strength of steel St. 3 (on Table 33):

/,-4,25,- safety tactcr with t,<2AYC (on Table 52) ;

1A
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C=1 mm- additicn.

The allowable stress

RS -8,9XgMg2.

The wall thickness ci tka cylinder

a= p +. 26.283

We accept s=6 am.

Flat/plane wall with ths stitenin ribs.

Initial data for the calculaticn.

Material of the flat,'lane wall: CpaP-l-:3-

Material of stiffening ribs (angle Flate): steel st. 3.

Design pressure on tue wall: p=1 kg/cuZ.

Large side of the flat/,laze wall: 1=15CC ma.

I
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Smaller sid' of the flat/plane wall: c=1300 mm.

Page 214.

ke accept.

Number of ridges/fins 4icnj tb larger side n,=5.

Number of edges/fins alcng the smaller side n2=4.

Profile/airfoil of angle ilate on OCT 10015-39 N 6/4.

we determine (on the tatles).

Limit of the strength cf ccjer -=--20 0 0 kC/cX2.

Yild point of ccrer 2==700. xg/cm2 .

Limit of the strength cf steel St. 3 a;-3800 kg/cu z .

Yigld point of steel St. 3 a=2400kg/cz-

Side of the ractargle, included between the stiffaning ribs:

a Ii =3m 260 .-

n2+14+
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Second side of the rectangle

1 1500b--at-+--=r- = 250 Amg,

The thickness of the tlat/jldne wall, included hetween tke

stiffening ribs

s=O,53b+C=0,322V
R/a,~ +(I,+3.E5* Vfrbk+-~aa 440(,1 +-i

+ 0,3 = 0,755 c.m,

where R,=440ok31/0%- the allowabIE stress cf ccpper (on Table 41);

C=03 cm - addition takin intc account weakening cf bore

surface.

Ae accept s=8 mm.

* Lat us designate (see Pig. 62).

, X - cantroidal axis ot the secticn/cut of edge/fin (elbow);

X2 X 2 - centroidal axis cf the secticn/cut cf the band of the

flat/plare wall;

XX - centroidal axis ot tb section/cut cf band and edge/fin;

00 - axis/axle cf tle Lase/root cf band.

*1
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From the table of assortment for angle plate N 6/4 we determine:

Height/altitude of edge/t±n (angle plate) h=6 cm.

Cross-sectional area o edge/iin F1=5.72 cm2.

Distance of the a~ex/vertex cz edge/fin frcm axis/axle XIX I

qqual to Z0=2 cm.

Second moment of area cf edge/fin relative to axis/axle X1 Xj
,. 20,3 ¢m .

Distance of axis/axle IIA, from axis/axle CC:

Yl-/+ s-Z.=6+0,8-2,4,8 cu.

Distance of axis/axle XZA2 trcm axis/axle CC:

Y, - 0,5s= 0,5.0,8 = 0,4 cA.

Page 215.

Width of the bard cf wall, bhich receives lcads along the larger

side I of rectangle,
aB-1.4.T13 ,.

2 2
Cross-sectional area ot the Land

s P3 -Bsm 13.0,8 10,4 cv,

A
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Distance of the neutrai axis/axle XX frc axis/axle 00
Z= PIY,+F2Y 3.72-4.8+10.4.0,4

FI +F* 5.72+10.4 1,96cm.

Distance bRtween centers IIt, and XX

a -Y-Z 4,8- 1,96-2,84 c.w.

Distance between certers X 2 2 and KX

a.-Z- Y2,= 1,96 -0,4 = 1,56 cM.

Distance of the outermost lilament frce axis/axle XX

Y-s+h-Z-=0,8+6-1,96=4,84 cM.

Load, which effects cn the edge/fin and the band,

Q- p= 13150.1 - 1950 5"

Great.st banding mcment, whics effects cc the edge/fin ard the

band,

LW Q, i. 193 ' 150

T212 24 400 244OO ,

Second moment of area Cf Dand relative tc axis/axle X2 X 2

BA 13.0.88
- ,- - 0.55 c*W.

Second moment of area of tdge/fin relative to axis/axle XX

- It =/. + a,F, = 20,3 + 2,84'.5,72 = 66,6 cal.

!he second moment ct area cf tand relative to axis/axle XX

I=,I + aVP,= 0,55 + 1,56 - 10,4 25.95 Cam.

A $
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Total moment of the inertia of edge/fin and tand relative to

axis/axle XX

I ==11 +1 1= 66,6 + 25,95 = 92,55 CM4.

Page 216.

Stress/voltaga, which apjears in the edge/fin from the action cf

roment/torque 3,

MY9 24400.4.84R,==-T-= =1275kyg/cmz.

Stress/voltage, wtach apiears in the band from the acticn of

mcment/torque H,

MZ 24400.1,96 = 1 gCu
R= -T== 9,s =516 9/cm2

Safety factor in the edandin
5o 2400

R= = -7 1,88.

n,= 0=0 = 1,36.

§ 5. Calculation of the strength of covers/caps and bottoms.

, I= ..
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Convex stamped/die-forqed cottca.

Initial data for the caicuiaticn.

laterial of convez tcttcm cf the housing cf the preheater of the

water: steel st. 3.

Calculated (workirg) ire-sure of vapors in the housing p=2

kqlcM2.

Outside diameter ct nousing D,. 558.w

We accept.

ob=38kg /mm2 - limit of tha strEnjth of stee1 St. 3 (on 'table 33):

C=3 mm- additicn;

y=1.65- coefficient cz factor of shape cf bottcm (on Table

55) ; for the anechoic bcttca in tna ratic of the beight/altitude ofu.e-

bottom h to its cutsidf diametexD, ̂when --- 022.

Allowablq stress witn t< 500C (on'ablie 56)

I

(1
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R: 2 ,9 2,9= 13,1 X9/cM2.

The wall thickness cf tle dished bottca

s= P-- -R-+C 2 .3 371 Ai.
-200JR, - dOI,

We accept s=4 mm.

Page 217.

Flat/plane circular cover/cap.

Initial data for the ca.lculaticn.

material of the flat/piace cCver/cap: steel st. 3.

Calculated (it is wcrking) iressure p=2 kg/cm2.

Diameter of a circle cf the arrangement cf bclts d=620 mm.

We accept.

:,,,38kg /mmz - limit of the strEngth of steel St. 3.

p=0.3 - for the ccvers/caps, which undergo preliminary bend from

the tightening of the tclts [see icrmula (2L4),'.
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C=2 mm - additicn.

Allowable stress or tan Lend ton-fable 56)

,3.2 T2 1 1, 9 x~/2 2 .

Thickness of the flat/ilane circular cover/cap

s d + C = 62 F-,/ + 0,2 1,595 c.

We accept s=16 mm.

Plate cover/cap.

Initial data for the calcuLaticn.

laterial of cover/cap (cast): steel 55L.

Calculated (it is ucrKIny) iressure in the cover/cap p=32

kg/cm2 .

We accep' (on the made crawin /draft).

Radius of he sphericai secuent cf cover/cap H=70 cm.

A
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External radius of the flange of cover/cap d=42.5 cm.

Radius of a circle cf the arrangemert cf belts r=39.25 cm.

Distance from the azis/axle cf ccver/cap to the line of centers

cf packing a=36 cm.

Load on thc bolt |iro, tune caLculation cf bolts) Po=8350 kg.

Number of bolts z=2.

The wall thickness cf ccvei/cap s=5.5 cu.

Addition for the cast covex/cap C=0.5 cm.

The modulus of resistance ct weld (it is absent) 0=1.

Page 218.

Bending stress in the ccvsz/cap
£ -3 0 , 1 8P~z (r3- al) pR

-R, -- [ + ,48Pz Ig -L + 2 (---

3I[ 0 18.8350.28 (39,252-362)
- i4(55-,51 42.52 +

39_25 32.70 0)
+ 1,48.8350.281Ig + 2.1 940 327c.02 .

I \ 1,-,5 C/A
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Key: (1) . kg/cmu.

* .Safety factor in the cover/cat on ultimate strength

- 6,4,

where :-6000 kg/cm2 - limi Cf the strength cf steel 55L (on rable
i 29)o

46. Calculation of bc.ts and pins.

Calculation of the shark ct bclt.

* ~Initial data for the calculaczicr.

material of the bcits: steel 35X.

Design pressure in the cylindrical chauker/camera p=3 2 kg/cm2.

Diameter of a circle of the arrangerent cf bclts D6=78.5 4.

Diameter of the centerline cf packirg D.,=7-2cii.

L.1
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Complete effort/fczce, which dffects on all bolts from the

internal pressure of medium,

Q -0,785D0,P=o0,78572.32,130000 jig.

we accept.

Quantity of bolts z=i8.

Coefficiant of the tiqhbrnang of bolt k=1.8.

Calculated effort cr cne tolt

WQ 1.8-130000 1.
-- 28 8350 I 5

Distance between tke r¢cits (s-iace of bclts)

t R=.± 3.14-78.3z

2F8 i8,8C.
Page 219.

- The nominal diameter ot the bclt

do , ,13 + 0o5-1, 1 5 +053, w
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whera %=9500 kg/cma - limir Ot te strength of steel 35Kh (on 'able

37)

n=6.5 - a safety tactor ict toe well machined tolts.

We accept d 0
= 3 cm.

Stress/voltage in tka rcd cf the bolt

R,.1,27-1-27 -"M=1620 kq/cm2,

where d.-2,56cm - diameter c tcl along the female thread.

Calculation of the fillet/shculder of pin.

Initial data for the calculaticn (from the calculaticn of the shank

cf bolt).

Material of the pir: stea. 35bh.

Calculated effort fc¢ one pin Po=8350 kg.

Nominal diameter ct pin do=3.C cm.

"I'
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The thickness of the til1et/shouller of the pin

1.Rc, 14.I3-..5 10,08 cN,

where Rcp - permissible shear stress:

R ,6R.=o.6 -0 o '0 - 875 X/c3Z;

aj=9500kg/cu2 - permissitle tensilc stress;

n=6.5 - safety factcz ±cr the well machined pins.

4e accept -E - 10 ,l mm,We0

The diameter of the fillet/shculder of the pin
d, I,;7p L - , .. 3,

do do'~~p 32 +3,3c,
where j, - permissitle cruali.an stress

R.= 1,8R, .1,8-- ,8-2630X9/CM2.

3e accept d6== 1,4d=1 1,4.30 42 w.

Page 220.

47. Calculation of flarges.
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Round cast flange.

Initial data for the calculaticn.

material of the flange: steel 45L.

Limit of the strength ct steel 45L: 45500 kg/ca2.

Calculated effort fcr cne rclt (from the calculation of bolts)

Po=8350 kg.

Diameter of the critical section/cut of flange (from the made

drawing/draft) D,--4 cm.

Arm of bend a=4.25 ca.

Number of bolts z=2 .

* The thickness of the cast tlange

._1/*8P;~i- _ i*'e50*4,25.28
--O E+C -T"3'5R -,I4.74.-.1, +0, 5 5 c.o

where R& - allowable stzess ca the bend:

4----- 5 =690 £g/cin;

I-- --8
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n=-8- safety factor fcr steeL 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 flavne: steel st. 4.

Limit of the strenyth cf steel St. 4 on 'able 33 a&m4200 kg/cm2 .

Calculated effort/fcrce ca pin Po=2C8 kg.

Radius of a circle cf tbe arrangemert cf pins r0= /.S75 e.44.

Space of pins t=8.3 ca.

Diameter of hole undar the Fin d=2.9 cm.

Paqe 221.

1+*
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The thickness of tnze welleO circular flange

•. P PO r e. - r) ts VR&(t-d)d +1,2=

=0, 43 840(8,3-2.9-)2, + 1,2-- 1,52 cm,

where R. - allowable stress ca the bend:

10- =840 ,H/cmz;

n=9 - safety factcx cf re flange;

f=0.43 - coefficient tcr the flanges, which are not subjected

load from the tighteninc of bclts.

we accept s=16 mm.

Rectangular flange.

Initial data for the calcuiatIoD.

Material of the flange: steel St. 4.

Limit of the strength of material on Table 33 &=4200 kg/cma.

Calculated effort/fcrce tc the bolt Po=324 kg.

V. , ... .,
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Space of bolts t=.S cm.

Diameter of bolt hcle a=1.3 ca.

Arm of bend a=1.5 ca.

The thickness of rectangular flange will be determined

6poa + =2/+.3,4. 50,75 cm,$ ¢t--d) k V --- 840(5.9-1 ,:J)1.8I+~ 07

where Ra .840 kg/cm2 - allowat6if staess or the bend;

k=1.8 the coefficiiEt Ci the tightening cf the bclts;

C=0.1 cm - additicr.

We accept s=8 am.

, 48. Calculation of the tube ilates.

Circular panel without the aronors.

Initial data for tha calculatict.
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Material of the tute ilate: crass LC62-1.

Design pressure p=-2 r/lcmz.

Ralius of a circle cf zke arrangemert cf bclts r1=39.25 cm.

The mean diameter cf kacirg )np= 72 CM.

Cutside diameter cf tures el .4 AA .

Space of the arrar ement cf tubes on the triangle t=21 cm.

Number of tubes n=890.

W- determine.

Limit of the strength of maerial (cn 1akle 39) a,= 3 8 0 0 kg/cm2 .

Coefficient of the attachaent of the tube plate (on fable 65)

f

Coe.fficient cf ekeniny rte rube plate (Cr blep 67) €=0. L7L .

A
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Page 222.

Coefficient of a change in taa specific lead for the circular

tubp plate with the Fercil cf szraight lines tutes (cn %'blepW68)
d= I 1.&"890 == 0,563.

Tha safety factcr c. panal is taken n=4.

Allowable stress in tne tute ilate

R =2 = gc3800Ro, =950 Xg/c22.

The thickness of the tube plate

S r1  +003=5,,55ci.,
$;.=rI  + .C = 39,25 J/o5-o.9,50 +0,3 5,85 cm,

wher = C=0.3 cm- an addition.

We accept s=60 ea.

Circular panel with the anchcrs.

Initial data for the calculaticn.

laterial of the tule jat*: steel 30.

MONa

,,' ....
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Material of conngcticns/ccmaunicaticns: steel 35 A4,

Design pressure p=36 Kq/cm2R.adius of a circle of the

arrangement of bclts r,=31. 5 cm.

Radius of a circle cf tte arzangemert ct anchors v&I,. CM.

The mean diameter cf pacgizy .0 = 5. s rA/.

Diameter of connecticn/comautication alcrg the female thread

do=2.54 cm.

Calculated bond lerSt is L=13.5 cm.

Number of ccnnecticrs/communications z=6.

Outside diameter cz tubes 4 -_ /.t4.'t.

Space of tubos cn the zrian.ie t=2.2 cm.

we determine.

L i
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Ultimate strength zaterldi (Cn Iablev 34) C6 - 9foOkg/cmZ.

Pcisson ratio fcr stsel (cn fable 38) p=C. 3.

Coafficiant of the attacament of the tube plate with the anchcrs

(on fablev 65) qi =. 75.

Coefficient of weakening the tube plate (cr Tatle- 67) 0=0. 52.

Coefficient of a cnanpe in specific icad cf V-shaped tute (on

1rblv 68) £ = I.

The safety factor cf the tube plate is taken n=4.

Permissible: stress in the tube plate

R1=-~ 48M2O ky/cM2 .Ra, .. A =  4 -0 0

Page 223.

Specific load on the tube Ilate we prelizinarily accept

p;=O,55p= 0,55.36.= 19,7 kycmZ.
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Th . thickness of tne rtuh jiate preliminarily will be determined
|/ V/ o.75-.,9.8r- 37,75 0.1200 4,94 cm = 5 cm.

Load, which falls cc ccmnncticn/communication,

P ,p ( 4 j )

,'o 'aI \ 3 d,02 (I - ,

3,14.36(31,752- 14,52)2
1[ 3175 1 14 53) 1 , ] 3',5'6l-,,)-I. 7"'- + - )(31,752-145 s  S',52)].5I

8{[ 2. 14,52 In 31,7n( 5 3 31 -1 2 35 2)

=41000 KZ.

y: (1) . kg.

Full load on the tuta ldze and the anchcr stays

QO0,785D2,p=0,785-56,52.36.=90300 K c.

Load, which falls tc the ture plati,

,P$=Q-P-90300-41000=49300 .

Giv.n spacific load ca tic tune plate

P2  49300 k9C.,3,79 D2 0, 7-8 - = 56 J -J/ 5A"

" 7hT.4 thickness of th(E tute j dte

s,/ + C 31,75 1..,.._. + 0.3z5,2 cm.1R 210
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where C-0.3 - an additicn.

We accept s=52 mm.

Stress/voltage in the anchcr stays

R _____, 0 0. .2,52 1350 Kj/CM2.

Safety factor in anchor in the anchcr stays
js m b 9500

130 7,

where *;-9500 kg/cM2 - limit of the strength cf the material of

conn ections/comunicaticns.

Page 224.

Rectangular panel without the anchors.

Initial data for the calculation.

Material of the tute plate: brass LS59-1.

design pressure p=5 Ky/cma .

Large side of rectaryle, limited by the centerline of bclts,
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a=53 cm.

Smaller side of r~ctdnal., limited ky the centerline of tolts,

b=12.2 cm.

Outside diametgr ef tutes A-., M.

Space of the arranreant of tubes in the serias/row tt=15 cm.

Space between the series/rcus of the tubes vith t2=1.25 cm.

Number of tubes n=189.

9e determine.

Liwit of th-a strengta of material (cn Itlev 39) .,,.35M kg/cmz .

Relation ---. 2 4,34.

Coefficient of the attachment of tute heel Fads (in ,rblee 66 in

dIspnding on relation a:b 9=0,625.

'1 Coefficient cf waxeniA4 the tube plate (on ralev 67) 0=0.583.

.. .
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The coefficient of a cnarge in the specific load for the

rectangular tube plate vita toe pencil of straight lines tubes (on

,Orao ,," I ego--)-- 1.02.189 -.=0,77.8) z = 1-.-0,7852 -:21- 0,785 I. 2-07

lhe safety factcr ct tha tub. plat% is taken n,--4,5.

Allcwable stress in the rute jlate

R& L-,780 kg/cmz.

The thickness of thE rube ilate
1=bJ/ +C= 12 ,2 V /O O77' 40, 1 0,99

where C=O.1 cm - allowarca.

We accept s=12 sm.

* Rectangular panel with tke archcrs.

• Initial data for the calcuiaticn.

Material of the tubE jlate: steel alloyed.

Slaterial of connecticns/ccamunicaticns: steel 35 kA

.1
'5'

ta
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Des.gn prqssure p=lO Kj/cm2 .

Paqq 225.

Large side of rectangle, limited by the centerline of bclts,

a=264 cm.

Smaller side of rectanyla, limited ty the centerline of tclts,

b=111.6 cm.

Number of series/rcws cf ccnnictions/ccauunications n1=2.

Number of connecticrs/cc&uunications in series/row n2 =9.

Distance between the axial &clt holes and the extreme series/rcw

cf connections/ccmmunicaticns c,=40.6 cm.

Distance between tte serias/rcws of connecticns/communicaticns

c2=30.4 cm.

Distance between ccnnecticts/communicaticns in the series/row
- c3=25.2 cm.

Diameter of connecticn/ccuaun~catior alcrg the female thread
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* d0=3.08 cm.

Outside diameter cz tures do=1,4 c..

Space of the arrangement of tubes in the series/row tl=2.1 cm.

Space between the series/rcws of the tubes with t2 =1.9 cM.

Number of tubes n=6100.

Th9 width (greatest) of the designed secticn of panel is

r=c,=40.6 cm.

a _264

Relation 26 .

Coefficient of the attacnaent of the tube plate (on tables 66 in

depznding on a:cl) , t=0,63.

Coefficient cf weakininS the tube plate

T- 1:- 0,785 d2 I - 0,785 - = 0,614.

Coefficient of a change in the specific load fcr the rectangular

tuba vlate with the pencil of straight lines tutes (on 7rble* 68)

s-I -0,785.46 =0,682.

; I
"- I 7 1 W .1 , 6I
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We determine (on the tarles).

Limit of the strengtn ot alloy steel at temperature of wall

tcv=4CO°C, *=3600 kg cm2 .

Ultimate strength stonFed -15X: a&9500 kg/c z.

The safety factor cf tne tute plate is taken nfl4.

Allowabla stress in the tute elate

~~-j-- = 9 0 0 =g/cmZ'.

Thq thickness of the tube ilate
s= P + C-40,6V o,'6'&"680.+ +0,2-3.8 ca.

where C=0.2 cm - an addition.

We accept s=40 so.

Page 226.

Load, which falls tc one ccanection/comuunication,

, =0,5 (c, + c,) cp -0,5(40,6 +'0,4) 25,2.10-8900 kg.
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Stress/voltage in tha ancher stays

p, 8M IM k0c2
S,7&5., O - kg/cmZ

Safsty factor in ccEnecticrs/ccmmunicaticns

.9M =7,9.
R' 1200

49. Calculation of th6 comjensation caFacity cf apparatus.

Initial data for th3 calculaticn.

Pressure within the housing oi apparatus p=O.8 kg/cm z.

Temperature of medium in the intertube space t,=116.30C.

Mean temperature cl zediua in the tubes cf aFparatus t2=75
0C.

Temperature of apparatus during assembly t3=15 0C.

Temperature of surrcunding air t,=300 C.

material of the hrusing: stael St. 3.
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Material of the tuces: crass.

The length of tubes and acusings is 1=1.8 m.

Diameter of housir D--0,55 .

Ths wall thickness cz the tuh~s with sj=1 as.

The wall thickness C' h"uSing is S 2 4 mm.

We determine (on ablee 3d).e ccefficient of the linear expansion

of the material of housirg ca 10C, 0,=1.25@1jcs.

Coefficient of the linear exiansicn of the material of tubes on

S1°c, 02=l.9g-O s ,

For determining the teaFerature ct wall we accept.

Heat-transfer ccefficient from the vapcr to the walls of housing

and tubes with am=6600 kca.l/m OC.

Heat-transfer cceficlert ircm the wall cf housing to the

/

i\1
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surrounding air 22=10 kcal/ma OC.

Heat-transfer coefficient frca the wall cf tubes to the water

ae=4)O0 kcal/m 2-hour oC.

Page 227.

Coefficient of the taormal conductivity cf brass XI-90

kcal/m-h 0 C.

Coefficient of the thermal ccnductivity cf steel X2=50

kcal/m-hOC.

Temperature of the internal surface of the wall cf the tube
%.t + A 1  4000-75 +GI6.116,3

IT 7- 4U00+ 6150 ~100,C,

where t IA s=.. I , 9 00
A,=,

-L =+ 5.0-0 1 -1- 6150.

Temperaturq of the external surface of the wall of the tube

t i I+- A 7" 16.3+66000000 261
-+ '00 66o~o00. 101IC,

where

XI4O+ 0 i-1- =0,000261.

lean temperature ct tne wail cf the tute

, =-O,5(t, + t )=0,5(100 + I01) 100CC.

Temperature of the anternal surface of th. wall cf the hcusing

A!
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- t, + A 4  6600.116.3-+ 10.30
" dt+4I M_0 T 10 1.6,2C,

where A. I+0.0+ 1 1

Teiperaturi of the external surface of the wall cf the bcusing

t. +t___ 116,3 +3010-0.000232 =
I +f t  = I + 10. 0. 0-L7',D2 -=II PC

w h a vi

Bs,-L - + + 0. 0004 0,000232.

Mean t.mFpraturq cl. the wali cf housing
e . =0,5 (tj + t,)= o,5(1l2+ I6)z 11C.

Elongation cf tube unaer tke action of a difference in the

t-mperatures
U., -m 111t,#. - ti) =-- 1,9 -10- 6 •1,8 r(0- 15) -= 0,0029 al=2.9 mm.

Page 228.

Elongation of hcusiry uDdez the acticn cf difference of

t- mFA atures
tMmp=ral = l (t., - t,-25. I03 .1,8(116 - 15) =0,0)227-2,27 Atm.

Difference in the elongaticns of tubes and hcusing

W -AL -s - 2.9 - 2,27 = 0,63 t.w.

The effort/force, whicn ajieais in the hcusing, called by the

elongation of the tubes

P, a._ 0.63 69.3-2.2.1skg,
IS =53500 kg,

I' i__ii__Ill ____ (;),
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where F. - cross-secticna area of housing, equal to

F. -it(D. + s.,) s. 3,14 (55 + 0,4) 0,4 = 69,5 cA2;

E=2.2.1064 - modulus of elasticity cf steel (cn Tablee 38).

Effort/force, which appears ir the bcusirg from the internal

Fressure

Ps=O,785"D'-P=0785.55'.0,S. 1. 900 cg.

Total effort/force, whica appears in the hcusing,

Pe - P, + Ps = 53 50 + 1gOO 400

Total stress/voltage cL the reakage in the wall of the housing

I=m- =- j80 g/cm2.

Effort/force, which aklears in the tube, called by its

con ressicn,

9.
p4  0,053.0.47. 1 • 108- " 0 -= 165 k9.

.1i

A
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where F, - cross-secticcal area or tube, equal (with its

average/maan diameter d.-|5c.w)

Feraea3.14.1,5. 0,a 1et0,47 d.;

2t=1.0-106 kg/cm2 - the uodulus or elasticity cf trass on-ratleu 38.

Page 229.

Th-i permissible lcad on tae extraction cf the ends of the tubes

P,-R P.. rdy=40"3,14.1,68.2400 kg,

vhqre R.,-40 kg/cm? - a.1ciaDle stress fcr the rolled tubes (see

page 206) ;

d,.a1,6 c - outside diameter ci the tubes;

y=2 cm - depth cf Lclling/laijing tube.

Ths need of applying the ccmpensator is determined from the

fcIlowi. g relaticnshps/ratics

R-800<R. M9O 9,/cM 2,

where R0-90 kg/cm z
- aICWdCiE str.ss in the wall of the housing
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P4m165<P.u-4O Jig.

On th allovablp strasses and the Icads cn this apparatus of

compensator it is not rEquired.

§ 50. Calculation of tte axparsicn bellous.

Initial data for the calculaticn.

Material of the lensas: stEel st. 3.

Prassure of medium in the compensatcr p=4 kg/cm2 .

Diameter of the hcusiny cf aEaratus (cvr the mean section)

d2=55.4 cm.

Amount of the defcz1aticn cl ccmFensatcr A=0. 126 cm.

Sizes/dimensions of ccmoenaatcr we accept.

Number of lenses in ccmaenzatcr z=1.

1~J
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Ciameter of the lens cf ccmiensatcr (over the mean secticn)

d,=69.6 cm.

E-1aii of bending ct 1;nses r,=rz=r=3 cm.

Wave height of the lens

H-= 0,5(d, - d,)- 0,5 (69.6 - 55,4)= 7,1 cx.

Thq straight porticr cz tne lens

1-H-2r= 7,I -2.3- ,1 cm.

The wall thickness cf the lens

s=0,67.tH P==0,67.7,Io=0,32 c,

where R,=900 kg/cm2 - the allcwaclie stress accepted for steel St. 3.

We accept s=4 mm.

Page 230.

The amount of the defcrmation of one lens during its preliminary

compression on

20126--- l .i-- ,4-0,063 cA,

where plus sign is - wcrk ot lers cn the elcngaticn;

m

I minus sign is - operamicn ci lens on ccu ressicn.
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Effort/force from Lhe izternai pressure, received by the walls

cf lans,

Pe= 0,785p (dr - d.) = 0,785.4 (69,6 - 554) =5500 kg.

Effort/force from the irternal pressure, which disrupts the wall

cf lens according to diaeter di,

dt 5500 69,6 kg.
PA=P* d,0 + ,069,6+ 55.4-30-'o

The reaction, ccamrfssing the wall cf lecs along diameter d,

Pa=Po-PA =55s0- 60=244 kg.

Tha maan diameter cl tte lens of the ccmuensatcr

dp = 0,5 (d, + d2) = 0,5 (69,6+ 55,4) = 62,5 cA.

Moment of the inertia cf tne cross secticn of the wave cf lens,

rectified according to its sean diameter,

, ==0,262los = =0,262.62,5.0,4 -1,05 cA.

Coefficients of tte ccnfaquzation of lens for case of rg=r 2 =r

and U0 according to the data ct g 43:

vi

"1!
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+b) ( + ,r*+fr-r)+ T] 13%

+ r[ (r + I?' + 2 (r + 1) r - 4I

+ 3.1 3S)z 403,2 cx 3;

a- -- 2) r + (2r + L) 1 + r li (r + 1) + 2rj --
,,2 ((3,14 -2) 31 + (23 + 1,I) 1,1 + 3 13,14 (3 + 1, 1) +

+ 2.31 w- 149.2 cAe,

Paqq 231.

Th reduced length cf wali cf lens for the same case

Z%-n(tr + 1)-2(3. 14 .3+ I,I) 21,04 cA.

Here n=2 - number is hali lens in the cczpensator.

The force, appearing in tbe ccmpensatoz frcm the deformation of

cn P lens to value +-Ax, is determined frcm the fcrmula

pj = EI. h 2.2.1,P1.05.0063
-- US149.22 1040 KZ,-5 ; 403.2- 421

Key: (1). kg.

where E=2.2*106 kg/cm2 - modulus of elasticity of the material of

lens.

Pinching moment/tcque, caused by the deformation of lens,
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Z ZaP, 149.2.1040

£ m 2.21.04 =6 ycm.

Bending moment in tha critical section/cut cf the lens

(section/cut AA, Fig. 1C4)

MAA-H-A,_=.1040.7,1-3680=3720 Kgc,.

Moment of the inerr2a of lens in the critical section/cut

IA- 0,262d* O ,262.69,6-0,4 = 1,16 cO.

Bending stress from tha acticn of 2cment/tcrque in the critical

section/cut

R.MA' 3720.4 yc.
_ .1,_ _640 k/c 0.

Bending stress from tne internal pressure

R- 0.5JP,, 0.45-4-7.12

Total bending stress

RR+R40+ 512kgc 02

- "
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where the plus sign - %ita tne work of ccmpensatcr cn the elcngatica;

minus sign is - witt the wcrk of compensatcr on compression.

Stress/voltage on the treakage from the irternal pressure

R, p d 1 4".6.348 g /C m.

Page 232.

Resulting stress/vcltage in the critical secticn/cut

R-VR2 W2 - )T~h~ /2o6+ 34e = 1250 k g / Cua..,= + bI,

Axial force in the housing cf the apparatus

P + P,,- 2440 + 1040=3480 kg.

Stress/voltage in the wall cf lens in the place of fastening to

the hcusing of the apparatus

. 3480 kg/cm?.=R, - = 3-4 50 •
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Table 1. saturated water vaicz (according tc the temperatures).

((7) (2) scsp

Z2sAeHKH flap naps ?I Mset

ansi M*Jg A;1K S Kn f54/nas IUI~

0 0. 006223 0, 00 1000 206,3 f0.00485 0 W.73 597.3
2 0.007193 0,001000 172.9 0.005% 2,0 .598,2 396.2
4 0.0082S9 0,001000 *157,3 0,00636 4.0 599,1 595.1
6 0,009532 0.001C00 137.8 0,00726 6,0 M9,9 593.9
8 0.010932 0,001000 121,0 0,00826 8.0 600,8 592,8

10 0.012513 0.001000 106.42 0;C0940 10.0 601,7 591.7
12 0, 014 2r- 0,001001 93.84 0,0106 12.0 602.6 590.6
14 0,016289 0.C01001 82,90 0;01206 14, 603,5 589,5
16 0,0(8528 0,001001 73.39 0,01.163 16,0 .604,3 588,3
I8 0,02103 0.00100Y2 65,09 0.01516 18,0 605.1 587.1

20 0.2183 0,001002 57.84 0,010-29 20,0 606.0 586.0
22 0o Iros 00010002 51,50 0.01942 22,0 606.9 584.9
24 0.03041 0. C01003 45,93 0 .02177 24,0 607,8 583,8
26 0.( a3426 0.001003 41,04 6,02437 26.0 606.6 582,5
28 0. 04 -53 0,.X)1004 36,73 "0.011723 24.0 E09.5 581.5

.30 0. 0-f112'5 0.00100-1 32, 93 0.0G337 30,0 610.4 580.4
32 0,04847 0. 001 C05 29.57 0.06W82 32.0 611.3 579.3
34 0,06-123 0,0U1006 26.60 0,03759 34,0 612,2 578.2
36 0.06057 0,001006 23,97 0,04172 36,0 613,0 577.0
38 0.06755 0, O01007 21,63 0.04623 38.0 613.9 575,9

40 0,075120 0.001008 19,55 0,05115 40.(4 614.7 574.7
42 0,083W 0,001009 17.69 0,0=63 42.0 615,5 373.5
44 0,09279 0,001010 16,04 0.06234 44.0 616.4 572.
46 0.10284 0,001010 14,56 0,06868 46.0 617.3 571,3
48 0,11382 0,001011 13,23 0,07559 418,0 618.1 570,1
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50 0,1258 0.001012 12,040 0.08306 50,0 619,0 569.0

55 0,1605 0,001015 9,578 0.1044 55.0 621,1 566.1

60 0,2031 0,001017 7,678 0,1302 60,0 623,2 563.2

65 0.2550 0,001020 6.201 0,1613 65.0 625,2 560.2
70 P.3171 0,001023 5,045 0.1982 70.0 627.3 557.3

75 0.3931 0,001026 4,133 0,2420 75.0 629.3 554,3
80 0.4829 0.001029 3.408 0,2934 80.0 631,3 551.3
85 0.54 0,001032 2.828 0.3535 85.0 633,3 548.3
90 0.7149 0.001 036 2,361 0,4235 90,0 635,2 545.2
95 0.8619 0,001010 1,982 0501.5 95,1 637.2 .512.1

.100 1W032 0.001044 1,673 0,5977 100.1 639.1 539.0
103 1,2318 0,001047 1.419 0,7047 105,1 640,9 535.8

110 1,4609 0,001052 1,210 0,8254 110,2 642,8 532,6

115 1.7239 0,001056 1.035 0.9652 115.3 644,6 529.4
120 2,0245 0,001060 0,8917 1,121 120.3 646,4 526.1

125 2,3666 0.001065 0,7704 1.298 125,4 648.1 522.7

13I) 2.7544 0.001070 0,6683 1.496 130,5 649,8 519.3

135 3.190 0.001075 0,5820 1.718 135.6 651,4 515.8
140 3,6. 0,00t080 0.5087 1.96 140.7 653,0 512.3
145 4,237 0,001085 0,4461 2,242 145.8 6,4,5 508.7

130 4,834 0,001091 0,39M 2,547 151.0 656,0 505,0
135 5.540 0,00109% 0,3466 2,885 156,2 657,5 501,3
160 6,302 0,001102 0,3068 3,2.58 161,3 658.7 497.4
165 7.146 0,001108 0,2725 3.670 166,5 660.0 493,5
170 8,076 0,001114 0,2426 4,122 171,8 661.3 489,5

175 9,101 1,001121 0,2166 4,617 177,0 662,4 485,4

180 10,225 0,001128 0,1939 5,157 182.3 663,6 481.3

185 11.4506 0,001134 0.1739 5,750 187.6 664,6 477,0

190 12.800 0,001142 0,1564 6,394 192,9 665.5 472,6
195 14.265 0,001149 0,1409 7,097 198.2 666.3 468, 1

.
A
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200 15.857 0,001157 0.1272 7,862 203.6 667.1 463,5
0 17.585 0.0011CA 0.1151 8,688 209.0 667,7 458.7

230 19.4-56 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 23.639 0.001190 0.08606 11,62 225.4 669.1 443,7
225 26,007 0,001199 0,07837 12,76 230.9 669,3 438,4
230 28,531 0.001209 0,071-17 13.99 235.5 669,5 433.0
235 31.239 0,001219 0,06527 15,32 242.2 669,7 427.5
240 34,140 0,001'229 0,0,-X67 16,76 247,8 669,5 421,7
245 37,244 0,0012410 0,05462 18,30 253.6 669,4 415,8

250 40.56 0,001251 0.0,006 19,98 259,3 669.0 409.7
255 44,10 0,0012fN3 0,04591 21.78 265,2 668,5 403.3
216 47,87 0. 001276 0.1'4215 23,72 271,1 667.9 396,8
205 51.87 0.001289 0,03:72 25.83 277.1 667.3 390,2
270 56,14 0OIj0102 0, 033.0 28,09 283.1 666.3 383,2
275 60,66 0.001317 0,03274 30,53 289,2 6652 376,0
280 65,46 0,t0132 0.03U13 33,19 295.4 63,9 368.5
285 70,54 0.Uui.Jl 0,02774 3i.05 301,7 662,4 360,7
290 75.92 0.uWl;u 0,02-I4 39,15 308.1 660.7 352,6
295 81.60 O,C01J4 0.02351 42.53 314,6 658,8 344.2

300 87.61 0,001401 0., .02164 46.21 321.2 656,6 335.4
303 9.3.95 0.001425 0.019902 50,20 328.0 654,2 326.2
310 100,62 0.001147 0,01,132 54,58 334.9 651.4 316,5
315 107.69 0.001472 o.u1tt3 59,42 342.0 648.3 306,3
320 115.12 0.001499 0,01315 64.72 319.2 C44,9 295,7

3125 122,95 0. U!529 0,01117 70.57 356,7 C41.0 284.3
330 131.18 0,00130)2 0,01297 77,10 3t4.5 636.7 272,2
335 139,85 0,001599 0,0118-1 84,46 372.5 631,8 259.3
3410 148,96 0.001639 0,01078 9'2,76 380.9 626.2 245.3
345 158.54 0.0016o6 0,00977 102934 389,8 619.9 230,1

350 168, C3 0.001741 0,00881 113,6 399,2 612.5 213,3
&Z 179,21 0.001607 0,00787 127,1 409.4 603,6 194,2
3c0 190,42 0. 001USI 0. 0UL694 144.0 -120.7 592,6 171.9
365 202,21 OO02u 0.00599 166,8 .134.1 578.2 144.1
370 214.68 0,002220 0,00493 2.03,0 452.0 556.7 104.7
374 225.22 0, 00.00 0,006347 288.0 485.3 512,7 27.4

* Key: (1). Temperatur4 t cf 0 C. (2). Saturaticn Fressure p atw(abs.).

- (3) . Spqcific volume of water at saturation pressure 99 m3/kg.

(4). Specific volume of valor 9 M3/kg. (5). Specific gravity/weight

cf vapor y kg/M 3 . (6). intaalpy (enthalpy). (7). liquid q kcal/kg.

S9) vapor i kcal/kQ. 9) . heat of vaporizatian r kcal/kg.

mom --- .
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Iablq 2. Saturated by vatar vap~c ion the pressures).

c3) ( 5 .,. q)
(J] (Q) Y ,IQ-hOU (

Oasem.( ' ciN YMaEaihu YMtAb..M"' (TencotAepmanie) Ten.ws
Teusep- Te lOAM .6b..

awime- ,."uOCM:' naps

P 141,A 1 q I r
IC V, ,,met 5.1.1 aAagz xMaa.1Ifa aA' z

0 01 6.7 0.001000 131.60 0,00760 6,7 600.2 !93.5
0.015 12,7 0,001001 89.63 0.0111li 12.3 602.9 590.1
0.02 17.2 0.001001 68,25 0.01465 17.3 604.9 57.6
0.025 20,8 0,001002 55.27 0.01809 20,8 606.4 W., 6
0.03 23,8 0,001003 46,52 0,02150 23,8 607.8 584,0

0,04 28,6 0.001004 33.46 0.02820 28.7 609.8 .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 0.01134 35.8 612,9 577.1
0 08 41.2 0.001001 18,45 0.03420 41.2 615.2 574.0
0.10 45,3 0,001010 14,95 0,06689 45,5 617.0 571.6

0.12 49.1 0.001012 12.59 0.07943 49.1 618,6 569.5
0.15 53.6 0.001014 10,20 0, 9b04 53,6 620.5 566.9
0,20 59,7 0.001017 7,789 0,12% 59.7 623.1 563,4
0,23 64.6 0.001020 6.318 0,1583 64,5 625 ,0 560.5
0,30 68,7 0,001022 5,324 0,1878 68,7 626.8 558. I

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,
0,..i 78 3 0.001028 3.641 0,2746 78,3 630.6 552.3
O fO 80,9 0.001030 3,299 0.3031 80,9 631,6 5.0.7
0,60 8,5 0,001033 2,782 0,3595 85,5 633.5 548,0

0,70 89.5 0,001036 2,408 0,4153 89,5 635,1 545.6
0.80 93,0 0,001038 2,123 0.4706 93.1 636,4 51.3.3
0,90 96,2 0,001011 1,903 0.5255 96,3 637.6 -41.3
!.0 99,1 0.001043 1,725 0,,5797 99.2 638.8 5i9, 6

121 101.8. 0.001045 1.518 0.6337 101,9 639,8 5,37.9
2.2 101,3 0,001017 1.45 0,6873 104,4 640.7 521. 31.3 106,6 0 ,001049 1,3,50 0,7407 106.7 641.6 ,5A4.9

1,4 1087, 0.001051 1,259 0,7943 108.9 642.3 533,4
1,5 110.8 0,001052 1.181 0.8467 111,0 643.1 -"-,1I
,6 12 7 0, 00 1054 1,111 0 9001 113,0 F43.8 3 ,, 8

1.8 i110.3 0. (0)0107 0. 9954 1.0016 116,6 6 1. ,1 . T2.5
2.0 119.6 O,.W1060 0,W018 1.109 1I9,9 6 W. 3 52,li.4
2,2 122.7 0.00106O3k 0.8248 1,212 123.0 W-|73 52 1,3

-2.4 123.5 0,001065 0.7603 1,315 123.9 648.3 522.4
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2.6 128,1 0.001068 0.7055 1.417 128.5 649.2- 520.7
2,8 130,6 0.001070 0,6581 1,520 131.1 650.0 518.9
3.0 132,9 0,001073 0.6169 1,621 133,4 650.7 517.3
3.2 135.1 0.001075 0,5807 1.722 135.7 651.4 515,7
3.4 137.2 0.001077 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
3.8 141.1 0.001081 0,4942 2,024 141.8 653.3 511,5
4.0 142.9 0.001083 0.4709 2,124 143,7 653,9 510,2
4,5 147.2 0,001088 0,4215 2.373 148,1 655.2 507,1
5.0 151.1 0,001092 0,3817 2.620 152.1 656.3 504,2

5.5 154,7 0,001096 0,3491 2,871 155.9 657.3 501.5
6.0 158.1 0,001100 0,3214 3.111 159.3 658.3 498.9
6.5 161.2 0,001104 0.2981 3,356 162.6 659,2 496,5
7.0 164,2 0,001107 0.2778 3.600 16,5.7 659.9 494.2
7,3 167,0 0.001111 0.2603 3.843 168,6 660.6 492,0

8.0 169.6 0,001114 0,2118 4,085 171.4 661.2 489.8
8.5 172.1 O.U01117 0.:.312 4.327 174.0 661.8 487,9
9.0 174.,5 0 00 1 1:-0 0.21S9 4,568 176,5 662,3 485,8
9.5 176.8 0 o0112-'3 0,2079 4,811 179,0 662,8 483.9

10 179.0 0,001126 0. 190 5.051 181,3 663,3 482.1

I I 1.2 0.001132 0,1808 5.531 185,7 664.1 478,4
12 137,1 0,001137 0.163 6,013 189,8 664.9 475.1
13 100.7 O.00114:1 0.1540 6,494 193.6 6VS.6 472,0

14 194.1 0,001148 0.14.14 6,974 197.3 666.2 468.9
15 197,4 0.00 It15J 0.1312 7.452 200.7 666,7 465.9

16 200,4 0,001157 0.1261 7.930 204,0 667,1 463,1
17 203.4 0.00 1102 0,1189 8,410 207,2 667.5 40,3

18 206.1 0,O01ti6 0, 1125 8,889 210,2 767,8 457,6
19 208,8 0,001171 0.1067 9,372 213,1 668,2 4,55.!

20 211.4 0,001175 0,1015 9,852 215.9 668,5 452.6

21 213.9 0,001180 0.0676 10.34 218.6 668.7 450,1
22 216.2 0.00118:3 0,09245 1082 221.2 668,9 447,7
23 218,5 0.001187 0. 88-19 11:30 22,8 669,0 445,2
24 220,8 0,001191 0,08.i.S6 1 1,78 226,2 669,2 443.0
25 222,9 0.001195 0.08150 12,27 228,6 669,3 440.7

k -

p.
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26 225,0 0,001199 0,07838 12.76 230,9 669.4 438.5
27 227.0 0,001203 0,07M51 13.21 23i,2 669.4 4;:6,2
28 229.0 0,001207 0,07282 13.73 235,4 669.5 434,1
29 230,9 0,001211 0,07032 14,22 237,5 669.5 432.0
30 232,8 0,001214 0.06797 14.93 239,6 669,6 430.0

32 236,4 0.001222 0,06370 15,70 243,7 669,6 42.3,9
34 239.8 0,001229 0.05995 16.68 247.6 669,5 421.9
36 243.0 0,001236 0,05654 17,69 251,3 669,4 418,,1
38 246,2 0,001243 0.052 18,68 254,9 669.2 414.3
40 249,2 0,001249 0,05077 19,70 258,4 669.0 410,6

42 252.1 0.001256 0,0M29 20.71 261,8 668,8 407,0
44 2R,9 0.001263 0,04601 21.73 26.5,0 668,5 403,5
46 2.57,6 0.001269 0.0139-1 22.76 268.2 668,2 400.0
48 260,2 0.001276 0,0424.3 23,79 271.3 667.9 ."'J6.6
50 262,7 0,001283 0,0'Rr26 24,61 27,1.3 667.5 393,2

. 55 268,7 0,001299 .003639 27,48 281,5' 666,6 W3'.5.1
.60 274,3 0.001315 0.0W13 30,18 288,3 665.4 377.1
65 279,5 0,001331 0,03036 32,94 294,8 661.0 169,2
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 3.54.0

80 293,6 0,001379 .*,02405 4,58 312,R &59,3 .116.5
85 297,9 0,00135 0,02"2I3 .44..8 318,4 6.57,6 3W9,2
90 301.9 0,001412 4),(Y2096 47,71 323,8 655.7 ;31.9
95 35.9 0,001423 40.01w .50,89 329,! 67-3,8 324.7

100 309,5 0;001445 0.01&16 .1.17 334,2 651,7 317,5

110 316.6 0.001480 0.01638 61,05 344.2 647,2 303.0
120 323,2 0.001517 0,01463 68,35 353,9 642,5 28,8.6
130 329,3 0, 01.57 0,01313 76,1 363.1 637.2 273.8
140 335,1 0,001600 0,0112 84,60 .172,7 631,7 259.0
ISO 340,6 0,00164 0,01066 93,81 381,9 625,6 2.13,7

160 345,7 0,001693 0.00063 103.9. 391,1 618,9 227,8
170 350,7 0,001748 0,00868 113.2 400,4 611,5 211.1
180 35,4 0,001812 0,00780 128.2 410,1 602,8 192,7
190 359.8 0.001890 0.00197 143.5 420,4 593,0 172.6
200 364,1 0,001987 0,00618 161.9 431,3 381,4 150.1

210 3M,2 0,002130 0.00.35 186,9 444.5 565,9 121.4
220 372,1 0,002360 0,00436 229,0 463.0 .542,3 79.9

Ky: (1), Saturation preS~urE p at.t(abs.). ( ). TemFerature t oC.

(3) . Specific volume cf bat-r at saturation Frqssure 2, mi/kg. (41).

Specific volqme of vapcr - . 9 /2i. (5). Specific gravity/weigEt of

vapor 7 kg/M 3 . (6). Enthaliy (gntaalpy). (7). liquid q kcal/kg. (8).

vapor i kcal/kg. (9). HEat of vaporization r kcal/Kg.



DOC = 30040212 EAG - t'

Page 240.

lab!- 3. overhcated water vapcz.

It 0,05 0.06 0,08 0.10 0,12 0,16 0.2D 0.30 0,40

v, 31.31 26.08 19,56 15,64 13,02 9,76 7,797
60 1 623,9 623.9 623,8 623,7 623,6 623,4 623.2
80 3.3.19 27,65 20.74 16.58 13.81 10.36 8,277 5,507 4,123

i 633.0 632.9 632.9 632.8 632,8 632,6 632,5 632.1 631,7
v X-.08 29.23 21,92 17.53 14,60 10,95 8.752 5,826 4,365

100 1 642.1 642.1 642.,1 642,0 641,9 641,8 641.7 641.4 641,1
1 36.96 30.80 23,10 18.47 15.39 11,54 9,226 6.143 4.604

120 1 651.1 651.1 651.1 651,0 651,0 650,9 650.8 650,6 650,3
u 38,95 "32.37 24.28 19,42 16,18 12,13 9.699 6,459 4.842

140 1 660.2 660,2 660,1 660,1 660,1 660,0 659,9 659,8 659.5
* 40,73 33,94 25,46 20,36 16,96 12.72 10,17 6.776 5,079

160 I 669,4 669.4 669,3 669.3 669,3 669,2 669,1 669.0 668,8
u 42,62 35,51 26,64 71,30 17.75 13,31 10,65 7,092 5,317

180 1 678,6 678,5 678,5 678,5 678,5 678,4 678,3 678,2 678,0
, 44.50 37,08 27,82 22,24 18,54 13,90 11,12 7,407 5,.553

200 1 687,8 687,8 687,8 687,7 687,7 687.7 687,6 687,5 687,4
v 46,39 38 65 18,99 23.9 19.32 14,49 11.59 7.722 5,790

M. 1 697.0 697.0 697,0 697,0 697,0 696,9 696.9 696,8 696,7
a 18,27 40,22 30,17 24,13 20.11 15,08 12.06 8,038 6,026

240 1 706,4 706.4 706,3 706.3 706.3 706.2 706,2 706.1 706,1
2 50,15 41,79 31.35 25,07 20,89 15,66 12,54 8,352 6.263

260 I 715,4 715.8 715,7 715,7 715,7 713,7 715.6 715,5 715,5
0t 52.01 43.36 32,52 26,02 21,66 16,25 13.01 8.667 6,500
2 725.2 72,5,2 7-5,2 725,2 725,2 725,2 725,2 725.1 725,1
v 53,92 44,9.3 33.70 26,96 22,46 16,84 13,48 8,983 6,736
301 73-1.8 734,98 73-1.8 73-1.8 734,8 734.8 734,8 734,7 734,7

,.5, 0 46,50 3.1.68 27,90 23,25 17,43 13,95 9,298 6.971
320 i 7.14,4 7-14,4 744,4 744,4 744.4 744.4 744,4 744,3 744.3

3 57.69 48,.07 36.05 28.84 24.03 18,02 14.42 9.612 7,2071301 754.0 754.0 751.0 75.4.0 754,0 754,0 754,0 754.0 733,9
36 v 59.57 49,64 37.23 29.79 2482 1861 1-.69 i 9,926 7.443

30j 763J,8 7103.4 763,8 763.8 763.3 7r)3,8 763.8 763.8 763,7
9, 61.46 51.20 34.41 30.72 25.60 19,20 1.5.36 10.24 7679
301 773.6 773.6 77-3.6i 77.1,6 773.6 77l3.,6 r77-,6 773.6 773.,5

4 a 63.33 52,78 ,39,59 31,67 26.39 19.79 15.83 10,55 7.916
400 1 -3.. 7M, 4 7,%:3.1 7I,.I 7,3,47 ,4 7S3,4 783,4 783,3

4 65,21 51.3.5 .0.76 32,61 27,17 20,37 16,30 10,87 8.151
793.3 793.3 793.3 793.3 793.3 793.3 793.3" 793,3 793,2

4 67.09 5,5,92 41.9-1 33,55 27,95 2096 16,77 11,18 8,387
440 03.3 0.3 E0.3 03.3 03.3 03.3 603,3 803.3 803,2

64.98 57,.48 43.12 34.49 2,4,74 21,54 17,23 11,50 8,623
460 1 813 3 813.3 813,3 813.3 813.3 813,3 813,3 813,3 813,2

o 70:t6 59.05 4.1,J0 35,43 29.5.2 22.13 17,70 11,81 80.
460 1 823.4 823,4 823,4 823.4 823.4 R23,4 823.4 823,4 823.4

- 72,74 60,62 15.17 -M.3-S M30.31 22.72 1,17 12,12 9,03
NOi t ., 3,6 833.6 I3t6 E33.t M 336 3,h 833.6 833,6 8336

Iv 77,.IS (4,55 48,41 3.73 32,27 2-1,20 19.35 12,91 9,68'
, 8 3 859,3 859,3 859,3 859,3 S59,3 859,3 859,3 859,3

!A -
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0.50 0,60 0.70 0,80 0,90 1.0 1.2 1.4 1.6
ec

o 3.487 2,902 2,4841 2,169 1,925 1.730
100 1 40f 80, 60.2 I639,9 6a39,3 6.92

,,o 3,7 3.063 2.6231 2,292. 2,03,5 5 ,21 1,3001 1.135, 649,9 9. 1749.4 692 6,0 64d, 5 648,0 '617.5
3.870 3,223 6 2,760 2,413~ 2.143~ 1.926 1,6021 1.371 11.197,

140 L 693 659.2 9,0 658 8 65816 M58.4 600.,0 6.57.7 6.57.3
4.060 3,382 2,8961 2.5.32 2" 2.021 1.683j 1, 4401 1,25A

16()0 668.6 668.5 668.3 66, 6.0 667,8 1667.5 667,2 .666,9
v 4,25 3,540 3,033 2,652 2,356 2,119f 1.763 1,5091 1,31 ~

280 1 677.9 677,7 677,5 677,5 677,3 677.2 676.9 676,7 1676,4
90v 4.410 3.70 3,169 2, 771 2,462 2,214 1,84~3 1,3781 1,37b'1 687.2 1687,1 687,0 686,9 686.7 686,6 686.4 686 1 '683,920 4.62 3.8-58 3,30 2,8 2,568 2.310 1.923 1:6471 1,4W322 696.6 696.5 696,4 696.3 696.1 696.0 695,8 695.6 1695,4

24 . ,4812 4,06 3,440 3,00 2,673 240 2,002 1,7151.2499
5, 008 4,174 3,576 3,127 2,779 2.5W0 2,082 1,783 1 ,53t.

£0 715,4 715.3 715,3 715.2 715.1 715,1 714.9 714,7 714,5
209 5,197 4.3131 3,711 3,246 2,884 2,595 2,161 1,851 1.,61f,

£ 725.0 724.9 724.9 724,8l 724.7 724,7 72'4:, 724,3 724.2
Q 5,387 4.489 3,847 3,364 2,989 2.690 2,240 1.919 ' 1,67Th300 1 734.8 734.5 734.5 734.4 734.3 734.3 734,2 734,0 733.9
v 5,577 4.646 3,982 3,482 3,095 2,784 2,320 1. 9A7 1, 73301 744,2 744,1 744,1 744,0 743.9 743,9 743.8 743,6 7.13,.5

34 9 5,767 4.804 4.117 3,601 3,200 2,880 2.399 2,056 1,79K301 753,9 753,8 75j,86 733, 7 753, 6 753,6 7,3.35 753.4 ;71.3,3
36 S. W) 4,962 4.252 3.7-20 3,305 2,975 2,478 2.2V231 1, &5j

1 763.7 763.6 763,6 763.5 763,4 763.4 13 763 763. 1 Ti3
380 6,141 - .,118 4,388 3,88 3,420 3,068 2,556 2 1901 1.9V

1 773.5 773,4 773.4 773.3 773.2 773,2 773,1 7713,0 773.0
v 6,3a3 5,277 4,522 3,956 3,515 3,163 2,635 2,2.58 12.975
1 783,3 783,3 783,2 783,2 783,1 783.! 783,0 783,0 7m*2.9

4- 6,521 5,434 4,657 4,074 3,62 3.257 2,713 2,3251 2.034
1 793.2 M0,2.2 793 1 793 M,1t 793.1 793,0 793.0 792.)

440 v 6,710 5,591 4,M 4,191 3,725 3.352 2.792 2,39~3 '1. 0.
1 803,2 803,2 803,1 803.1 803,1 803.1 803,0) 803,0 802,~)

46 .9 .3 ,2 ,0 .I ,4 ,7 813,2 813,2 813,1 813.1 313,1t 813,1 823.0 813,0 822-,9
i~7,087 5,90 5.061 4,427 3,93 3,540 2.950 2.52f 2,211

1 823,3 823,3 823.3 823,3 823,2 823,2 823,2 823.1 1323,1
in: V 7, 27M 6.063 5, 1 9C 4,5W) 4,040 3,6r35 3,028 2,595 2,27(l1 &33, 5 M3.5 833,5 833.5 33,4 8M3,4 8W3.4 833.3 1&13,3

55 7.74 6,454 5,532 4.840 4,302 3,871 3,225 2.765 2,41-
1 859,3 859.2 859.2 859.2 859.2 859,2 859,2 859,1 18359,0

So41:
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1.8 2.0 2.5 3.0 4,0 ,0 6,0 7,0 8,0

1,.00 6  0.903120 647,0 646.3
140 ? I.062f 0.9.55 0,760 0,630

1 656.9 636.5 655.6 654 .
!60 I 1. 1001 0:8001 0,664 0,494 0,392 0.323
666.6 666,4 b65,3 647 663,1 661,3 659,4

0. 1,61711 1,053 0,840 0,698 0520 0413 0,342 0,291 0.252

676,1 675.9 675,1 674,5573,2 671.7 670,1 668,8 667,3

v 1,2251 1,102 0,879 0,730 0,545 0,43.3 0.359 0,306 0,..
00 1 6,7 65,4 684,8 684,2 68.3.0 681.7 680,6 679.5 678.2

22 1.278 1,150 0918 0,763 0.57 0 ,376 0 . 0.280
220 i 695,2 693 0 694.1 693,9 692,9 691.7 690,7 689,7 688.7

24 1.33-' 1.1981 0,957 0,796 0.594 0.474 0,393 0.33 0,..
240 704.8 704,6 704,0 703.6 702,7 701.7 700,9 699.9 699,0
260 , 1.385 1.246i 0,995 0,828 0,619 0,494 0.410 0.3,50 0,305

i 714,4 714,2 713,7 713.4 712,6 11,7 710,9 710.1 709,3
280 1,4& 1.2N4 1.034 0,860 0,643 0,513 0,426 0.364 0,318

2 724,0 723.9 723,5 723.2 722.5 721.8 721.1 720,3 719,6
3 1.491 1,342 1,072 0,892 0.668 0.. W 0,443 0,379 0,331

'0 733.8 73.3.7 733,3 733 0 730.4 131,8 731,2 730.5 729,9

1 1.543 1.390 1.111 0.9241 0.67 0..Z2 0.459 0,.393 0.34.3
0 743,4 743,3 743.1 742.8 7423 741.7 741,2 740,5 740,0

1 l.598j 1.437 1,149 0.956 0:716 0,572 0.475 0.407 0,35
340 753,2 0753,1 732,9 752.6 752,2 151.6 751,1 750,6 750,2

: I, 0I 1,485 1,1,47 0,988 0,740 0.591 0,492 0,421 0,367
3 763.0 1762,9 762,7 ;762,5 762,1 761,6 761,1 760.7 760.3

3 1,702 1,532 1,225 1.020 0,764 0,610 0,508 0,435 0,380
380 i 772.9 772,8 772.6 772.4 772,0 771,6 771.1 770.8 770.4
400 1.735 1,579 1,263 1.0.52 0,788 0,62 0,524 0,448 0,392

.782,8 78 .7 782.5 782,4 732.0 781.6 781.2 780.9 780,5
420 1.807 1.627-i 1.301 1,084 0,811 0.649 0,540 0,462 0,404

4 792,8 7912.7 792., 3792.4 792.0 791.6 791,3 791,0 790,7

1 , 60 1.6741 1.3.391 ,115 0.835 0.668 0.55 0.476 0,416
802,9 80" 7 8 01. 5 802,4 802,1 801.8 8o01,5 801,2 800,9

460 1,91:3 1:7211 1.377 1.147 0.4.59 0,6K7 0,572 0.490 0,4

812,8 812.8 12.7 812,5 812.3 812,0 911.7 811.4 811.1
480 1 ,65 1.769 1,413 1,178 0,883 0.7 0.588 0.503 0,44

£ 823.0 S'23. 0 822,9 82 27 822.5 822.2 821.9 821,6 821,3
2.01i 1,61, 1,433i 1,210 0.907 0.725 0,604 0.517 0, 3

.500 i 833.2 833.2 .93,1. 832.9 832.7 832.4 832.2 831.9 831,7
v 2,0J L. 1.864 1.490 1.242 0,930 0.7.44 0.61 0.531 0.46
i m43,4 843,4 643,3 843.1 842.9 842,7 842,5 842.3 842,1

2,1501 1.9,15 1,5471 l28Di 0.961 0,772 80,.643 0,551 0.48.
8 59.0 158.9 8588 85. 7 858.5 858.3 8 58.1 857.9 857.7

, 5 .
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C 9,0 10 12 14 16 Is .20 25 30

0.223 0.199
180 L 665.5 663.8

0,235 0.210 0.173 0.146
20 i 676,8 675.4 672.9 670,0

0,247 0,221 0,183 0,15 0,1.34 0,118 0.104
1 687,5 686.5 684,5 682.3 679.8 677.0 674,4
o 0. 0,232 0,192 0,163 0.141 0,124 0.111 0.096 0,070

240 1 698.1 697,2 695,4 693.5 691.4 689.3 687,2 681.4 675.0
p 0,270 0.243 0,201 0,171 0,148 0,131 0.117 0.092 0.073

260 1 708,5 707.7 706.0 704,4 702.6 700,8 699,0 694,2 68.9,9
v 0.282 0.253 0.20 0,178 0,155 0.137 0.122 0.096 0.079

280 1 718,9 718.2 716,7 715,2 713,7 712.1 710.6 706.5 702,1

v 0,293 0,263 0.218 0,186 0.162 0,143 0,128 0,101 0.08.3
3 1 729.3 728.6 727,3 7M5,9 724.7 723,3 722.0 718,5 714.9

3 0,304 0.273 0.227 0,193 0,168 0.149 0.1,11 0.106 0,07
3 739,5 738,9 737.7 736,5 735,4 734,2 733,1 730.1 727.0
3 0.315 0,283 0.2-M 0,201 0.175 0,1551 0 1397 0110 0,0.1

340 i 749.7 749,1 748,1 747.0 746.0 744.9 743,9 741.2 73.,.
v 0,326 0,293 0,243 0.208 0,181 0.161 0.144 0.114 0,094

360 1 759,8 759,3 758.3 757,4 756,5 753,5 754.6 732.2 749.6

0.337 0,303 0,252 0,215 0,1S8 0,166 0.149 0,118 0.09.
380 1 769,9 769,5 768,6 767.8 767,0 766,1 765.2 763.1 760.4

v 0.348 0.313 0.260 0,222 0.194 0.172 0.154 0.123 0.101
400 1 780.1 779.7 778,9 778.2 777.4 77b.6 775.8 7 771. 9

0.359 0.322 0.268 0,22 0.200 0. 177 0. 159 0.127 0. 10 7
420 i 790.3 789.9 789,1 788.5 787.4 787.1 786.3 784.7 782.9

0 ,1.369 0.332 0.276 0.236 0.206 0.18.3 0.164 0,131 0.I0I
440 800,5 800.1 719,5 798,9 798,2 797.6 796.9 795.4 "9J.7

0,380 0.,42 0.144 0.243 0,213 0,188 0.169 0.13 0. 112
4001 810.8 810,4 809.9 809.3 806.7 80.1 807.5 06,1 1 04.5

4 0,391 0.352 0,293 0,259 0,219 0,194 0.174 0.139i 0.1I5
1 821.1 820.8 820,3 819,7 819,1 818.6 818.1 816.8 815.3
v 0.401 0,361 0,301 0,2.57 0,2'25 0.199 0.179 0,143 0.119
1 831,5 831,2 830.7 8.0.2 829.7 829,2 M28.7 827.4 826,1

0,412 0,371 0,.09 0,264 0.231 0,205 0,184 0.147 0,122
*1 841.9 841,6 841,1 840,6 840,1 839.7 839,3 838,1 836.9

4 0.423 0..1W 0,317 0.271 0.237 0.210 0,189 0.1.5 1 0. t2."
1540 852.3 852.0 851,6 851,2 850.7 150.3 849,9 849.8 847,7
0 0,428 0,385 0,321 0.275 0.24J 0,213 0,192 0,153 0.I2
1 857,5 857.3 856,9 856.5 85,.0 856.6 &5.2 84,2 8.1:I

'Ii, = . r = .,~ l- .%
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u 0,063 0.05.3 0.0457
260 683.S 678.0 671.6

S i0 ,6 0.o0568 0 ,o194 0 0o433 0,0A 41
280 i 697.8 693.0 687,9 682,7 671,0

u 0.0700 0.0602- 0.0526 0.0465 0.0371 0,0303 0,25c300 1 711.1 706.9 702.5 698,4 689.0 678.7 667,0
32 0.07,35 0,0634 0. -, 0,0493 0.03 0, 0,027t320 £ 723.6 720,2 716.3 712.9 705,2 697,1 688.1
3 , 0.0768 0.0664 0,0584 0,0519 0.0421 0.0351 0,029340 735,6 732.6 729,5 726.5 720.1 713.3 706.1
3 0.0800 0.069-1 0.0610 0,0544 0.0443 0,0371 0.0317
3 747,1 74-1.5 7.12". 0 739.4 733,9 728.0 721.9
u 0,0832 0,0722 0.0636 0.0568 0,0464 0,0391 0,033

380 i 758.5 756.2 753.9 751.7 746.9 741,8 736,5
0, oR63 0,0730 0,06621 0,0591 0. 04M 0,0409 0,0352400 769.8 767.8 765.7 763.6 759.3 754.8 750.3

. 0,0894 0,0777 0,0686 0,0614 0,0505 0,0426 0.03
420 781.0 779,1 777.4 775.4 771,5 767,4 763.4

0 0,0924 0,0804 0.0711 0,036 0,0524 0.0443 0,0.9440 792,0 700,3 788.7 786.9 783.4 779.8 776,1
0.0954 0.080 0.0734 0.0638 0,0542 0.0460 0,0396

460 4030 01.5 799,9 798,3 795,2 791,9 788,6
0.09V'3). 0.0.%56 0.075b 0.067 0,0561 0.0476 0,0412

480 813,9 1812.5 811,1 800,7 806,8 803,8 800.9
, 0.101 0.0982 0.0781 0,0700 0.0579 0.0492 0,0421

500w 824.8 823,5 822.2 820,9 818,3 815,6 812.9
0.1041 0.0908 0,0804 0.0721 0,097 0.0508 0.0441
3520 r-)5,7 831.5 83.1. 832.1 829. 7 8'7.3 824.7

S 0, i070 0,09.13 008.27' 0.0712 0.0614 0,0523 0,0451
si 846, ti 845,'5 - 8.1.1, 1 M133 $41,1 838.8 83. 4

0 :10M41 0.09.16 0.8 0.0752 0,0623 0,0531 0.0461
550i 832.0 1851.0 8.19.9 848.8 846,7 844.5 842.2

v O,15 O,1008 0.0894 0.0803 0,0666 0,0568 0,0494
600 i 879,3 878.4 877.5 876.6 874.7 873.0 871.1

u 0,1225 0,1070 0.0950 0.08OW. 0,07-08 0.0605 0,052750 i .'006.7 90.5.9 (,X3, 904,4 902,9 901.4 899.8
So,r-, o11 0,1004 0,0002 0,0750 0,0641 0,059

700 934,3 9,. 7 ..U. 1 93.4 931,2 929.8 928.4

7OO



DOC = q0040212 EIGE 59.

Page 245.

Continuation Table 3.

90 100 120 140 160 180 200 220

320 .0234 0,019
320 6 677.7 666,0

V 0. 00-5 0,0M2 9.0168 0,0125340 698.2 689,4 669.1 642.,

3 0,0274 0.0240 0.0187 0,0147 0,0115 0.0o8
360 715.4 708.6 692.8 674.5 651.8 620,3

390 0.0291. 00256 0,0203 0.0161 0.01 0,0108 0.0087 0,0066
731.0 725,3 712.7 698,7 682,4 663,6 640.3 607.0

V 0,0,.1 0,0271 0.0217 0,0178 0,0147 0,0123 0.0103, 0,0086400 1 745,5 740.6 730.1 718,7 706,0 891,8 67.5,8 657,0

? 0.0322 0,0285 0,023 0.01! 0,0159 0,0135 0.0116, 0.09420 759.1 754,9 745.9 736.3 725,9 714,7 702.2 68b 8

¢ 0.0336 0,0298 0.0242 0,0201 0.0170 0.0146 0.0126 0.0110
440 i 772.4 768.6 760.7 752.4 743,6 73.1.2 721.1 713,5

460 0.035 0,0311 0,0253 0.0211 0,0180 0.01W5 0.0,35 0,011.
785,3 781.9 774,8 767.4 759.7 751.6 743.2 :734.2

0,036 0,032 0.0261 0,0221 0,019 0,0164 0.0141 0.0127
480 1 797,8 794,8 788.4 781.7 774.9 767.8 760.6 752.8

00 0.0376 0.03 0.0274 0.0231 0,0198 0,01721 0,01511 0.01353
810.1 807.3 801.5 793,6 789,5 783.2 :7767. 0.

0.0407 0.0364 0.0299 0.02M 0,0218 0,0191 0.0169 0.0151
50 1 840,O 837.7 833,2 828,4 823.6 81 .7 813.7 -08,5

u 0.0437 0,0392 0.03231 0.0274 0.0237 0,20 01Ol.5 0.0167600 1 869.3 867.4 863.6 859,8 855.9 851.9 847.8 843.7

V 0,0467 0,041 0,0346 0,0294 0.0255 0.0225 0,0201" OO1
1 898,2 1896.7 893,5 890.3 887.0 883.8 880.4 876.9
7 0.0495 0.0444 o.o368 0.0311 0.02721 0.0240 0.021, 0.0191

'00 ' 927.1 925, 923.1 19203 917.6 914.8 9119 909.0

The designations:

- specific volume or vapcr, aS/kg; i - enthalpy (heat content)

cf vapor, kcal/kg; p - ird urd, atm (abs.); t - temperature, 0C.
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Table 4. Physical parameters o. water valor cr the line of

saturation.

YAQubh$S KosOaieum Ko "Hume, n flmMMW- K mema-
Teune- flaue-. YZeAbIMa ?eneum- TefAonpoSoa- reMnepaTYPOl. ecras Irmqecxag
p tVpa " iot 9oc MOCTH npSlIICTH MWOCTh MKOcrb

I °C aa y KZ4I. Cp 10*1 U li IC I'P
,,a.4x °CBA.IAI-Vas *C , 92/e £ MOA. gmi f'Jcex

100 1.03 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 2,02 1,121 0,50 2.37 42,7 1,36 11,88

130 2,75 1,496 0,52 2.40 30,9 1.40 9,17

140 3.69 1.966 0.55 2,45 22,6 1.44 7.18

150 4.85 2,547 0.57 2,59 17.4 1.51 5,80

160 6.30 3,258 0.60 2.64 13.50 1,55 4.67

170 8.09 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 3.22 4,37 1.78 1,82

220 '23.66 11,62 0,82 3.33 3,50 1,83 1,54

2.30 28.531 13,99 0.87 3.44 2,83 1,88 1.32

240 34.14 16.76 0,95 3.66 2,30 1,93 1,13

250 40..,6 19.98 1,01 3,88 1,92 1,98 0,974

2C0 47.87 ?3,72 1.08 4.10 .1.60 2.04 0.843
270 56.14 28,09 1,1. 29 2.10 0,732

?S0 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

310 100.64 54.58 1,88 5,8D 0.56 2,37 0,425

3.0 115.12 64,72 2.20 6,33 0,44 2,45 0,372

330 131,18 77.10 2.56 7,00 0.35 2,55 0.325

340 148.%. 92.76 2.80 8.00 0,108 2,67 0,282I.0 168.3 113.6 4,00 9,20 0,203 2,82 0,243

160 190 42 144 0 5.00 10,60 0,148 3.03 0,207

.70 214,68 203.0 7.00 13.20 0,093 3,45 0.169
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K~ey: (1). Temperature ci VoC. . Pressure p atm~abs.). (3).

Specific gravity/wgigiht 7 &g/Mi3 . (4). specific beat a r kcal/kg

0C. (5) . Coefficient of thernal ccnductivity 102 X kcal/m-hour OC.

(6). Coafficiant of therga. dittusivity 103'o E2/b. (7). Dynamic

viscosity 10'6 kges/m 2. (8). Kinematic viscceity. (9). 113/..

ai
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Physical parameters of cverhealcad hater vapcr.

~~)

MN 140 150 40O ?SO 300 340 J80 149 4*50 100 540# 9

Fig. 1. Heat capacity cz superheated water varcr.

Kry: (1). kcal/kg 0C. (i). kcg/c.3 . (3). kg/cia.

Aw
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ti

r- I I -

70140 760 Z& 6 0 4 5 *DViie3~e

Pig. 3. Coefficient cf dynamic viscosity of cverheated water vapor.

Ka.y: (1) kgos/m3 . (2) . kg/cao.



DOC = 80040212

Page 248.

Table 5. Physical Farauetars ior the dry air at p=1 atm(abs.).

Teunal- YaIeabanI TeIL.O. ( HE 4KINmI fluuauqeaMMNC
1,qT.1mpoeoa - I ltlepalypeG.. 3r q10r4b

paTpa 9" uKoio b No"" npoSlOou m 10. w imoet
1oC 7 aZ1' Cp 1(p.x11

t *OC ISCA-.at *C A*'I N%.CtR. As

-180 3.685 0,2,50 0.65 0,705 0,66 1,76
-150 2,817 0.218 1,00 1,45 0.89 3.10
-100 1,984 0,244 1.39 2,88 1,20 5,94"
-50 1.534 0,242 1.75 4.73 1.49 9.54
-20 1.365 0,241 1,94 5,94 1,66 11.93

0 1.252 0,241 2,04 6.75 1.75 13,70
10 1,206 0.241 2,11 7.24 1.81 14.70
20 1.164 0,242 2,17 7,66 1,86 15,70
30 1,127 0,242 2,22 8,14 1,91 16,61
40 1,092 0.242 2,28 865 1,96 17,60

50 1,055 0.243 2,35 9,14 2,00 18,60
60 10'25 (,243 2,41 9,65 2,05 19,60
70 0,996 0,243 2,46 10.18 2,08 20,45
80 0,968 0,244 2,52 10,65 2,14 21,70
n0 0.942 0,244 2,59 11.25 2,20 22,90

100 0.91 0,244 2.64 11,80 2,22 23,78
120 0.870 0.245 2,75 12.90 2,32 26.20
140 0,827 0.245 2,86 14,10 2,40 28,45
160 0,789 0.240 2,96 15,25 2,46 30,60
ISO 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
2.50 0.651 0.249 3,42 21.2 2,85 42,8
.300 0. 596 0.230 3.69 24.8 3.03 49,9
350 0,549 0.252 3.93 28,4 3,21 57,5
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
600 0.400 0.,260 5.00 49, 4.00 98,1
800 0.32,5 .266 5,75 68,0 4.54 137,0

,loon 0.268 0,272 6,55 89,9 8.05 185.0

1 1200 0.23 0.278 7,27 113,0 5,50 232.5

1400 0.104 0,284 8.00 138,0 5,89 282,5
1600 0.182 0.291 8.70 165.0 6.28 338.0
1800 0, l6 0.297 9,40 192,0 6.68 397.0
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Key: (1). Temperature t o. (i). Specific gravity/weight 7 kg/m3.

(3). Spicific heat cp xcai/kg oC. (4). Coefficient of thermal

conductivity 102 X kcal/m-aour QC. (5). Coefficient of thermal

diffusivity 102a mz/h. (6). Dynamic viscosity 106 ji kg-som2 . (7).

Kinematic viscosity. (8). 32/s.

.,i
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Table 6. Physical parameters cz wdter on the line of saturaticn.

0)Ic~ (3)1 C*l) '% KO'IV*. () - K -=,
J = * iY'' q" Ix=, xI. Ka.

mas-e Rnua Yaena- ireneawo- TeulnepT- ,luecsiw cc uesr
rTYeNu- etc UA eIlxa ?snAftp'- ?CmooepU. IilIAHCr F mOe

0 ec 'P~ Ic 
U,,t= 1Wq I&K CO

=
M to-C

1 999.8 1,012 0.474 M 182.5 1,790 -0,63
S 999. 1,006 0.494 133,0 1,300 +0.88
1 998. ,(04 0,515102,0 1.000 2.07

30 1 9j5. 6 1,003 0,531 5,3 M7.7 0.803 3,04
40 1 992,2 1,003 0,545 5.5 66.6 , 59 3.90

CO0 1 988,0 1,00,3 0,557 3,6 56.0 0,556 4.6
60 1 983.2 1,004 0,567 5,8 18.0 0.479 5.3
70 1 977.7 1,006 0,574 5.8 41.4 0,415 .5.8
80. I 971,8 !.C07 0.580 5,9 36,3 0.366 6.3
90 I 965,3 1,009 0,585 6.0 32,1 0,326 7,0

100 1.0.1958,3 1.010 0,587 6.1 28.8 0,295 7,5
110 1,46 951,8 1,012 0,589 6.1 26,0 0,264 8.0
120 2.02 94,1 1,015 0,590 6,2 23,5 0.244 8,6
130 '2,75 934.8 s .020 0,590 6.2 21.6 0.226 9.2
140 3.6 926,1 1,025 0.589 6,2 20.0 0.212 9.7

150 4,81 Di6,9 1,032 0,5R8 8,2 18.9 0,202 10,3
S, 1 0,587 62 17.7 0,191 10,8

170 18,08 897.3 1,048 0,584 6,2 16,6 0,181 11,5
1o 10 22 86,9 1,057 0,583 6.2 15o6 0,173 12.2
190 12,80 876,0 1,066 0,76 6,2 14.8 0,166 12,9

00 15.86 864,7 1,078 0,570 6,1 14.1 0,160 13.6
210 19,46 832,8 1,10 0563 6,0 13,4 0,154 14.6
220 23. 66840.3 1,11 0.W 6,0 12.8 0.149 15.6
230 28,53 827,3 1.12 0,548 6,0 12,2 0,145 16,7
240 34,14 813,6 1.13 0,540 5,9 11.7 0,141 17,9

250 40,56 799,2 1,16 0,531 5.7 11,2 0,37 19,4
260 47.87 784,0 1.18 0,520 5,6 10,8 0.133 21,2
270 56,14 767,9 1,20 0,507 5 10,4 0,133 22,3
280 65,46 750,7 1,25 494 5.3 100 0131 24.0

90 75.92 732,3 1.30 0,480 5,0 9,6 0.129 25.7

300 87,61 712.5 1,38 0,4&1 4.7 9,3 0,128 31,4
310 100,64 690,6 1.47 0,446 4,4 9,0" 0,128 36
320 115,126 67,1 1,57 0,425 4,1 8.7 0,128 40
330 131,186 40.2 1.72 0,402 3,7 8.3 0,127 45

* 340 148,96 609,4 1,95 0,376 3,2 7,9 0,127 61

350 168.63 572,0 2,2 0,344 2,7 7.4 0,127 69
360 190,42 524.0 2,43 0,306 2,4 . 6,8 0,127 112
370 214,68 448,0 2,68 0.252 2.1 5.8 0,127 314

...- - -- - . - -



DOC = 800410212 ,S/

Key: (1). Temperature t 0 C. (2). Pressure I atm(abs.). (3).

Specific gravity/weight I xg/z3- 14). Specific beat c..p kcal/kg

oC. (5). Coefficient of therual ccnductivity X kcal/m-hour oC. (6).

Coefficient cf thermal ccnduct.-vizy 101 a M2/h oC. (7). Dynamic

viscosity 106 ji kg-s/m 2 . (b). Kinematic visccsity 10' 6 m2 /s. (9).

Coefficient of 104 1 QC.

Is;

ii



DOC = 80040212 , GE

Page 250.

Table 7. Physical parameters cE turbine oil U1.

(1e)., M) -(1) (S)l ( (.I b23M ( I
Tenne. YAeabaWAu TenAO- R14K ( ((a bj (JI1Kr. TeftAOP- "TJdepa- A'..MM unnews . ~C1
PazPM i e ua SCMO TyponIXIB4IZ- 4.Ci TuqetK; rig ya

I' - p x mOCT IL a ILIA Is 06 3graep.
t "C 7 ,, oAI~N C sxa.f1&o'qd Inaeo-- "I C ,u'cw

0 912 0.422 0,1119 2.91 72500 780 105

5 909 0,426 0.1116 3.05 46200 500 68

10 905 0,43 0,1113 3,19 31300 340 46

1 902 0,434 0,1110 3.32 20950 228 32

20 899 0.438 0,1107 3,45 14800 162 22

25 896 0.442 0,1104 3,605 10500 115 15,5

30 893 0.447 0,1jo 3,73 7550 83 11,5

35 889 0.451 0.1098 3.87 5660 62,5 8,5

40 886 0,455 0,1095 4,0 4420 49 6,8

45 883 0.459 0.1092 4.12 3440 38.2 5,4

.50 8.0 0,4635 0,1089 4.24 2780 31 4,25

55 877 0,468 0. 1086 4,37 2235 25 3,62

60 873 0.472 0.1083 4,51 1825 20.5 3,05

65 870 0.476 0.1080 4.64 1515 17,1 2.62

70 867 0,4805 0.1077 4.74 1290 14.6 2,35

75 864 0.435 0.1074 4.86 1110 12,6 2.12

80 861 0,489 0.1071 4.9 939 10,7 1

88 M7 0,493 0,1068 5.11 - - -

90 854 0.4975 0,10675 5,24 - -

95 11 0,5015 0,10062 5.36 - -

100 848 0,506 0. 1059 3.48 - -

... .... -.... . -.



DOC 3 +0o00212 FAGE ($

Kay: (1). Temp rature t 0C. (2). Specific gravity/weight 7 kg/u 3.

(3). Sp-icific heat a Kcai/kq CC. (4). Ccefficient of thermal

conductivity X kcal/m-Ecur OC. (5). Coefficiert of thermal

diffusivity 104 a m2 / hour. (o). Viscosity. (6a). dynamic 106 p kg.

s/m. (6b). kinematic JC6 V 2 3 /S. (6c). in the Engler degrees OE.

"N
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Table 8.

Physical parameters cf turD1ne cii I.

Toone- . ( (2)BhUob

Temne- ?J*eAbHMSQ YeIIAO- ?enlaonlpO 1*ea Jl~lN INCI (eb rpj C
y . ?nypa. na ANN N CNA * 466

e r rS O O C T repoI ep cmlO - q cu 1 aq t t . rP A A )
0 Tn ocopnimiOa 4t ? q, . 3wrAeps

NId /MGt *C ggaAA-, j':c NI .c(l as v

0 906 0,426 0,1125 2,89 152800 1650 225

5 904,5 0.43 0,1122 3,03 92000 1000 13.5

10 g02 0.434 0,1119 3.17 59700 650 83

15 898 0,438 0,1116 3,3 38000 415 58

0 89 0,4425 0,1113 3,4-3 25 550 280 37.5

25 892 0,4465 0.1109 3,59 17700 195 26,5

30 888 0.451 0,1106 3,72 12680 140 19,2

35 885 0.455 0,1103 3.85 8920 99 13,9

40 882 0,459 0.1100 3,97 6740 75 10,2

45 879 0,463 0,1097 4.1 5120 57 7.5

50 876 0.467 0,1094 4,22 4020 45 6,3

55 872.5 0.472 0,1091 4.37 3210 3 5

60 869,5 0.476 0.1088 4.49 2510 28.4 4,05

65 866 0,48 0,1085 4.62 2070 23,5 3,22

70 863 0,484 0,1082 •4,74 1715 19,5 2,9

75 860 0.48M 0,1079 4.85 1445 16.5 2,6

80 856,5 0.493 0.1076 4.,97 1220 14 2,3

85 853,5 0,497 0,1073 5.09 1040 12 2,06

90 M50 0,5015 0,1070 5,24 - - -

9S 847 0.506 0,1067 '535 - -

100 844 0.51 0,1064 246L
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Kqy: (1). Tqmparaturq 11 OC. (2). Specific gravity/weight 7 kg/m3.

(3). Sp9cific heat aP kcal/kg OC. (4). Ccefficient of thermal

conductivity x kcal/m-hcuz oC. 5). Coefficiert of thermal

diffusivity 104 a m3 /h. (6). Viscosity. (6a). dynamic 106 p kg-s/m 2 .

(6b). kinematic 106 . (6c). in the Encler degrees OE.

0

I°
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Table 9. Physical parameters cz diesel oil.
Tables a. Physica

I(UuNCW T . (fo,,) ( P-)Temne.- Yzeabnwh * teo- TentA onP0- Ineps- m Wk-ou yc

paypo ee t xmOCTb JE 'I yponpeooa, ,,easa ?U.WcKa'r 0 flail
I T Jt 7 K mOCrm tO a ' I Hp. 3uaepe

-- v K4 ac .qeus/qac xg .Cf~ola' A0,WCE O

0 922 0.4225 0,1107 2,87 - ..

5 918 0.4265 0.1104 3,02 243000 2600 280

10 915 0,431 0,1101 3,14 141600 1520 200

I5 912 0,435 0,1098 3,28 89200 960 126

20 908.4 0,439 0,1095 3.41 57400 620 84

25 905.5 0,443 0,1092 3,56 37400 405 55

30 902 0.4475 0.1069 3.69 25700 280 37

35 899 0,452 0,1086 3,81 17400 190 26

40 895,5 0.456 0,1083 3.94 12300 135 18,4

45 892 0,46 0.100 4.07 9100 100 14

50 889 0.464 0.1077 4.2 6870 76 10,5

.55 886 0,4685 0,1074 4,34 5140 57 7,8

60 882.4 0,473 0.1071 4.45 4040 45 6,3

65 879 0.477 0.1063 4,.5 3220 36 5.1

70 876 0,481 0.1065 4.71 2590 29 4,1

75 873 0.4855 0.1062 4.81 2180 24.5 3,27t

80 870 0.490 0.1059 4.92 1770 20 3

85 866,5 0,494 0,1056 5.05 1480 16.8 2.6

90 863.1 0,408 0,1053 5.19 1250 14.2 2.3

95 8!0 0.502 0. 1050 5.3 - - -

100 857 0, S065 0,1047 5.41 - -

:1- - . a

, A 
I
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Key: (1). Temperature t 0C. g~.Specific gravity/weight I kg/z3.

(3). Spe3cific heat C~ rca.kg 0C. (4). Coefficient of thermal

* conductivity X kcal/m-hcur OC. (5). Coefficiert of thermal

ccnductivity 104 a M2/h. (b). VISCCSity. (6a). dynamic 10' p kgos,/m2 .

(6b). kinematic 10' malJs. (6c). in the Engler degrees OE.
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Table 10. Physical parameters of the admiralty fuel oil M12.

TUN., ,MC, ((a) ((a b) (Gc.)T?6l.1OnPo- ternnepa- Yzemlsaw- Iweera- A r.A1yclpeT71ft Nc rPSAoepr"M see T ao1c60u Tponpoaaao IeCuCs ThIcask Tch Mh 14 i t o-! 3urAepe

gzj XaaJg OC NKita-S& -°a Ae'ac NS - CCXIAIN' I1'1Cra le

0 940,9 0,418 0,1083 -,84 - _ " _

5 937,9 0,422 0,1080 2,98 - - -

10 934,9 0.426 0,1077 3,12 41!000 1900 240

15 932.1 0,43 0.1074 3,24 108000 1140 150

20 928,8 0,434 0,1071 3.45 64200 730 100

25 925,5 0,438 0,1068 3.53 -13400 460 63

30 922.7 0,442 0.1065 3,65 30100 320 4.3

35 919,7 0,446 0,1062 3,78 20400 218 29.5

40 916.7 0,451 0,1060 3,89 14 720 158 21.5

45 913,6 0,455 0,1057 4,01 10700 115 15.6

50 910.6 0,459 0,1054 4.14 8110 87 12

55 907,6 0.463 0.1051 4,28 6180 67 9.1

60 90,5 0,467 0,1048 4,4 4 7O0 52 7.2

65 901,5 0,471 0,1045 4,51 3760 41 ,5.7

70 898.5 0,475 0,1042 4.64 2940 32,2 4.7

75 895.2 0,48 0,1039 4,75 2490 27,3 3.9

80 892.4 0,484 0,1036 4.86 2235 24,6 3.3

83 889,3 0,488 0,1033 4,97 1710 18,9 2,18

90 886,3 0.493 0.1030 5,11 1425 15,8 2,5

95 883.3 0,497 0,1027 3.21 1 205 13.4 2.2

100 880,2 0,501 0,1024 5.34 1060 11,8 2,05

i,
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Key: (1). Temparature t 0 C. 12). Specific gravity/weight y kg/u 3 .

(3) . Specific heat C-p kcai./ky OC. (4). Ccefficient of thermal

conductivity x kcal/m-hcux OC. 15) . Coefficiert of thermal

diffusivity 104 a m2 /h. (6). Viscosity. (6a). dynamic 106 ;A kg-s/u2 .

(6b). kinematic 106  2 Z/s. tc). in Engler degrees OE.

S!

, A
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Table 11. Physical parameters of tae admiralty fuel cil M20.

Toawe- YASmAWE TonAS- oEonjo- - INW u M r rpsycu
jC W 9i E C, JUWK M UI, IP I , 3Mraepe

tga.eg~a *C t4.=. A'jqC La • CUl' a/Cli K
*e"X *CAXa - qa _____ a 98- SS ___le

0 9M3,6 0,416 0,1069 2.82 -

5 950.7 0,419 0,1066 2.95 -

10 947,8 0,423 0.1063 3,09 - - -

13 944.9 0,427 0,1060 3.22 269000 2800 300

20 942 0.431 0,1057 3.35 158000 1650 215

25 939, 1 0,436 0.1054 3,5 95 600 1000 135

30 936.2 0,44 0.1051 3.62 58200 610 83

35 93,3 0,444 0,1049 3,74 37050 390 54

40 930.4 0,449 0.1046 3.86 25 60Q 270 36

45 927,5 0.452 0.1043 3.97 17950 190 25.5

50 924.6 0.457 0,1040 4.09 12800 135 19

55 921.7 0.461 0,1037 4.23 9200 98 13.5

60 918,8 0.465 0.1034 4.36 6920 74 10,2

65 915,9 0.469 0,1031 4.47 5320 57 7.8

70 913 0.474 0.1028 4.58 4180 45 6.1

75 910,1 0.477 0,1023 4,69 3340 36 5,1

80 907.2 0.482 0,1023 4.8 2630 28,5 4.1

83 W04.3 0.486 0.1020 4,91 2190 23.8 3,5

90 901.4 0,490 0.1017 4,98 1760 19,2 2,9

I 95 898,5 0.494 0.1014 5.16 1470 16,1 2,54

100 895.5 0,49 0,1011 5.2 1275 14 2,3
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Key: (1). Temperature t OC. (2). Specific gravity/veight 7 kg/m3.

(3). Specific heat a. kcal/ky OC. (4). Ccefficient of thermal
P

conductivity X kcal/u-hcur 0C. 45). Coefficiert of thermal

conductivity 104 a m2 /h. (o) . Viaccsity. (6a). dynamic 106 I kgos/2 2 .

(6b). kinematic 106 * u*/s. (6c). in the Engler degrees OE.

4 •
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Table 12. Physical parametezs ot tuel mazut M40.

Y() (401 a 3 ba tC I )
Teu.- ,YAoib"U hena- UnAonpo- ua, A H*M) H . 5 CII

PI7M 98 TCXy onpooo z. ca 1uela'ivet £a* e~iIaw *Jct "

0 970.3 0.412 0.1050 2.8 - - -

5 967.5 0,416 0,1047 2.93 - --

i0 964.7 0.420 O0,1044 3.06 - - -

15 961,8 0,424 0.1041 3,19 - - -

21 9"9 0.428 0, i39 3,31 - - -

25 936,2 0,.432 O, 036 3,46 243 600 2 500 2 0

30 953.3 0,435 0,1033 3.59 1458 150 200

J5 950.5 0,44 0,1030 3,71 92000 950 I')!

40 947.7 0.44.5 0. 1027 3.81 62 700 650 47

45 944,8 0,449 0. 1024 3,94 42300 440 61

50 942 0,45.3 0, 10292 4.05 30700 320 43

•55 939.2I 0.457 0. 1019 4,19 21 200 222 .31

60 936.3 0.462 0.l01w 4.3 16200 170 22,3

65 933:3 0.465 0.1013 4.42 11600 122 17

70 930.7 0.469 0.1010 4.52 9010 95 13.1I

75 927.8 0,473 0.I0 4,64 71 TO 76 10.5

80 5 0,477 0,1005 4.76 5650 60 8.2

8.5 922.2 0.482 0. 1002 4.85 4 510 48 6. 8

90 919,3 0.486 0,0999 5,0 3650 39 5.5

95 916,5 0,49 0,0096 5.1 2940 31.5 4.3

100 913,6 0,494 0.0993 5,21 2310 27 3.9

1] -, -_.- il-
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Key: (1). Tempirature t OC. 42). Specific gravity/weight y kg/m 3 .

(3). Specific heat C kcal/ky QC. (4). Coefficient of thermal

conductivity X kcal/m-Ec¢ r oC. 15) . Coefficient of thermal

diffusivity 104 a mZ/h. (6). Vscosity. (6a). dynamic 106 k kg.s/2 2 .

(6b). kinematic 106  sz/s. 16c) in Engler degrees OE.

*1

.1
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Table 13.

T3n C .-4 M a 7a
•

T_ O 7 -Z T .z
[ 1C ______€,

e

0 0,403 0,927 110 0,913 I10 0,9297 110 0,906 12.6

5 0,407 0.924 87,5 0,91090,0 0,924 110 0.903 10,2

10 0.411 0,921 43,0 0,906 53.0 0,921 110 0,900 6,7

15 0,415 0.918 29.0 0,90336,0 0,918 103 0,896 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,S97 17,5 0,911 47,4 0,890 3,2

30 0,427 0,909 8,30 0,893 12,7 0.909 2,2 0,887 2,6

35 0,431 o,m5 0, 890 0.905 0,883

40 0,435 0,902 5.30 0,887 7,20 0,902 16,2 0,880 2,1

45 0.439 0. M 0.884 0,899 0,877

50 0,443 oS96 3,210 0,880 1,63 0,896 9,50 0,874 1,71

55 0,447 0,893 0,877 0,893 0,870

50 0,451 0,890 2,40 0,874 3,21 0,890 5,90 0,867 1,54

5 04,55 0,887 0,870 0,887 0,864
10 0.459 0.884 2.00 0.868 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 2.06 0,878 2.95 0,854 1.31

85 0,471 0.874 0.8.58 0.874 0,851

90 0,475 0,871 0,8,5 1.73 0,871 2,40 0,848 1.24

96 0,479 0,868 0,851 0,867 0,844

*100 0,483 0,865 1.40 0,848 1.57 0,865 2,10 0,841 119
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Key: (1). Temperature t 0C. (i). Average/mEan heat capacity with

7=1, c, I kcal/kg 0 C.

FOOT CTE 1. Th. average/sean beat capacity c, which ccrresponds to

the specific gravity/weigar cz cil-prcducts, is determined from the

formula

-Kcal/kg of °C,

whera ,. - specific gravity/weight with 150C, kg/m 3 . ENDFOC[NOTE.

(3). Petroleum residue F. (4). Cil. (5). turbine. (6). motor. (7).

solar.

t'
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Tabla 1L4. Physical paramestas cz marine wtr

(4) HameNeeouaiwe daeceia YACWhuk~ Rec. () .;T

(3) ropie .3300~ mcpei~c qarn..........1,019-1021 2500-2600
a lanaxom Maili,a 1000

If.TMCo a Boii~x ite .000-1.06 20 5
slope rorja#3NA m Analucmne o-na . . 1010-1,016 640-670

q)I 0flpOAHMUCBtAbY .. .. .. ... 1,010-1,016 1000-2-200
(4epmoe (oi cesepo-3ana~mas aC .ac . . 1.015-1.018 1700
Do pe (12)( cpeaufns if omar qIACm . . . 3I,1 1350

'TacmnAclce fl : cepeiNHC......................- 000- 3.500
Lpmope~{ 301b 6epera.....................- 300-000

y4~uPo Y ocliopa.... .. .. .. ...... 2000-2100
mop jY11PaaaeAA 2400-2W0

AR Aaoe mope.... .. .. .. .. .. .. ...... 9W0-1200
CpeAaiacauoe iope.............................- 4300

ciKpacnoe meope................. is 4100
fRaotczcoe MOPe................. 3400
Heseucoe mope..... .. .. .. .. .. .. ...... 3400

SCeepwilik le.ouunmih Mxats. .. .. ....... ,024-1 .025 .350
ATAaMTHqCCKIII oKCaif. .. .. ..... . ..... 02.5-3.027 3300-3790
TmxNfi ozccan .. .. ... . ... ........ ,025-I ,032 3400-3690
H 4a~IIczuidi orean .. .. .. ........ . . 025--3.032 3200-37()

(j.)Tenaoeau0Coc NOPCKCOR BoAbI a 3asHCHNOCTN OT coneHIOCTH

0'4 Mo-b 5.. . po 2000 3000 3500 4000

CP"JM . .ez. . .OC. . 11* 0.9 0.939 10,932 10.9!6

105 = 30 A. = 0.001%!.

3naliernve uos*4iwewrOm UU1031HI N M.eIIJ1oISpOOANOCTWf MOPCKOA Soabi
S 3BU1CHINoCfle OT COACHOCTS If Temnepalyphi

(I I Kos4~muticitr a3Mflamnqecx~jN Kov)muNncuT YclAtonpoeosovCK
(%) M UN2KOCTR 10A Kx~j-vcO

1000 20001 3M00 0 W I~ 20 1 M I

*0 184.0 185,0 186.0 0,4M5 0,457 0.4-54 0.35MI
5 356. 357.5 3514,5 0,471 0,464 0,463 0. .014
30 134.7 136,0 137,5% 0,477 00473 0,468 0.3467
15 117.5 138.8 120.0 0,484 0.478 0.475 0,474
20 104,0 105.2 1065 0,490 0,404 0,482 0.4~0
25 .92,4 93.5 95,0 0,497 0.491 0.388 0.U'7
30 343.2 84.5 85.5 0,503 0.494 0. 4 M 0.491
X-) 761.9 78.0 79, o 0.510 10.50 0 i .5A2 U. ri)
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Koy: (a). Designation cf basin. (b). Specific gravity/weight, t/m 3 .

(c). Salinity OH (Brandt). (1). snite Sea. (2). in throat. (3). in

middle part. (4). in Dvina 4oui. (5). Baltic sea. (6). in Gulf of

Bothnia. (7). In Gulf ci finland. (8). Gcgland and Aland Is. (9) . in

strait/spill Baelt. (10). Cherryy sea. (11). rorthwestern part. (12).

middle and southern part. (13). Caspian Sea. (14). in middle. (15).

alcng coast. (16). Marhle sia. (17). in Eospcrus. (18). in

Dardanelles. (19). Azov sea. (1O). Mediterranean. (21). Red sea.

(22). Sea of Japan. (23). German sea. (24). Arctic Ccean. (25).

Atlantic Ocean. (26). facific Ocean. (27). Indian Ocean. (28). Heat

capacity cf marine water in dejending on salirity. (29). Salinity,

OB. (30). Average/mean keat cajacaty, kcal/kg of OC. (31). Units

salinity measurement. ( g2). ./il. (33). Value cf coefficients of

viscosity and thermal ccnductivity of marine water in depending on

salinity and temperature. (34). Temperatura t, QC. (35). Coefficient

of dynamic viscosity 1C6 y Lges/m2. (36). Coefficient of thermal

conductivity X kcal/m-bcur QC. 137). salinity OB.

II
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Tab1'i 15. Convarsion of ta Enj.Lisn units measurement into tbc. metric

cnes.

(4) k EzaeN1U u epemv~NH

IiaueH~a~l~e C) wiHrAmce t d) meTpN'imCm)e

Lurna I mion"' ()254 '.

%, () = 1760 0pio ,3M v
11

1 opclcan M11AN 1,853 xx

flbotua.mb I KN. AIOHM 6.451 cA8

I I'D. $Oyr 0,0929 aj2

I iKa. np., 0.836 a23

(L2) s
OG1min 1vi xy6. .uofin 16,387 cige

I Nncpcxjff raxto 4,546 A (4

I1 'IA ra4aoH . 3,785 A

I 44e4T. dapp.enb - 42
vo1cWl, raiopon 159 A

1 Xy6. IOYT 28.3 A

Bet I rpn= 11700 vizta 0.0648 a(22AA)
I yluusa , 1/16 4)yii~i 28,35 z

I 41V1T 0.4W36 Ke 24
UZ0PT-T01lll.1 (.copoT.097 -('

KaN) - 2(1OOO1) 0 owyfir(A-

.Ol-Oia(.Hlf)2240 (pyaToe 1,016 M 0

(20) (3A (30)
fiseasnwe I YlluHN;KUs. 21,oA 44 wxv BOX. CT.

I *OyllTKU. .2lObin 0.0703 Acca (32)

()I *ynl'/XB. ite0Ms 0.068o 4(?ii. anm

I *0yHlt/Ku. itoil. 51 .712 .1A PT. CT.
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SEaiHHum 1S3Mepetimst

Hanelbaa~e ~ &RrAHilCKIe me~rpmt'ecXHC

(ill 0 -5cI.YSebHMA Dec m (32) rpaiilxy6. (OYT 2.29 -/.*3
UJOHOCh 'AM) rpall/n. raJMoI. 0.043 m3i

r paii/ammn. r8AJIJoI 14.3 I1

C4141 YHU/Ky6. 4)Y 1.0 ,cZIj.igjj
(012 I *yairICY6. *vrT 16,0 XZIASJ3

(45) 1 *0yir/rana.. 100 Ac~lm
3

(I cY6. *PYT/4)YH? T 62,5 tlocz

KOAHqecT3o Temua tillj IBTU= 1F ('S)
(PYN? 778 o0o~YaIT08 107.53 ,cZ* = 0.,29.S3 samm-mme

(0) - 0,252 KKaA cr.)
* IBTU/P 0.M KIWaA KcZ e.)

IBTUacyO. t . "L,
(CS) 16IBTU/,cB. (Pyt 2,71 IKaA,.W2

Ko"4ouHT iren. IM

_______~x 2TU/xB. (Y.TZ OF .88 K9caLj4iI3a OC
eKCbI BTU/4vnr OT 1.0 Kitalt/Jz OC

I BTU/y qa 1.44
BTU/ _,-ac OF 17,88 O

BTU/jollwxu. yT-
~ac F 0.124 IcAIAI-.ac QC

poll ~ (4a)
8330Cm l,,tjmI*yT cex 14.882 a/lcxvcefc

I 4*YRT McL/Ica.yT 47 .88 TZI.AI -ceK = 478.66
Vm (121

478.65 nya3 - 4.e82 IC2.CEWIAI'
I K&a *OYT/CeX. 0,92 ". J1Ice ",*

CTO . M_
I c Ir 12eI_ 1. 10- 4 M3IC7t

____________ ______________- 0.36 xc
2

ftac_411)

TemnepaiypA to 32 + .t C

* PaINO11b Teufe. at cp. A
pa'.yp T8
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Key: (a). Designation. it). Units measurement. (c). English. (d).

metric. (1). Length. (2). inca. (3). foot. (4). yard. (5). mile. (6).

yards. (7). nautical mile. (8). Area. (9). sq. inch. (10). sq. foot.

(11). sq. yard. (12) .) Vclume. (IJ). cu. inch. (14). imperial gallon.

(15). USA gallon. (16). cil arzel. (17). USA gallon. (18). cu. foot.

(19). 1. (20). Weight. (-1). grain. (22). pcund. (22a). g. (23).

ounc. (24). pound. (24a). kc. (25). 1 shcrt-tcn (short)=2000 pounds.

(26). 1 long-ton (long)=224C icuds. (27). t. (28). Pressure. (29).

cunct/sq. inch. (30). ma i2C. (31). pound/sq. inch. (32). kg/cm2 .

(33). phys. atm(tech). (34). Ictg-ton/sq. inch. (35). kg/cm 3 . (36).

mm Hg. (37). Specific weignt dad density. (38). grain/cub. foot.

(39). g/m3 . (40). grair/imp. jallcai. (41). kg/m 3 . (41a). ounce/cub.

foot. (42). pound/cub. fcct. (43). pound/gallcn. (44). cu.

feet/pound. (45). 1/kg. (4o). Quantity of heat. (47). pcund=778

foct-pounds. (48). kg.-a. (49). watt-hour. (5C). kcal. (51). Ecund.

(52). kcal/kg. (53). cu. iot. (54). kcal/m 3 . (55). sq. foot. (56).

kcal/m 2 . (57). Coefficlar of heat transfer. (58). sq. foot-hcur OF.

(59). kcal/m2 h. (60). Siecizi. teat. (61). Thermal conductivity.

(62). foot- hour. (63). kcal/m-hour. (64). inch-hour. (65). inch sq.

foct-hour. (66). Viscosity. (67). pound/fcot s. (68). g/cmes. (69).

pound s/sq. foot. (7C). k4/aesek. 171). poise. (72). kges/m 2 . (73).
sq. fiet/s. (74). m2/s. (75). sck. (76). cM2/s. (77). m2/h. (78).

Temperature. (79). Difference ir zemperitures.

A
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Table 16. Designations and diatinsicnality of tasic values.

(0) Hametxeuarne :OeAnqii (O6oInavellf It) P~aeUNCPMb

(I) RIiuiima ex.. CAN H

(,I WmipIwfa At eAr.

(3) BMacMia rAyOHHa AAt. C.U. xx.

t~ flitaue~p d 9C-1mi
(S Paxnyc r A, CA. vjo

() flI0 omaai F M.cAA

(17) floscpXHocm S Mcas

(1) O6,bes VCA

13c (1o) m. wA

U Y.M.,IM Bec (I2mfag3. XZ/AjS

15Y.3.cabllhA 061.0t (P w/) hiSI
(19 rl.IOTHOCTb p (1(o) mCe 3j.1 4

CO.IeIIOCmb S (4)6. (Spamm~)
(Aq) Bpcmn t (24 qac.. c.

(.CwaPOCTI. A. f(leg(ca
SYc~copemie CIIMlb TNHCCTIf 9 (20') .441ma

,~PacXoi1 0. Q 061kepsac, x.,aca

~-1) Teimneparypa 0C

(J3) AdcomiOiiiaa Trienparypa T .O

(A~ Paaa1oc0b TeiincpaTyp at O

(W) 3ori'amnsu (rdn. oco:lep~aII~e) napa I (31) tC~ajii(*

33 ia.mhtN (?enIoc0C0.ImnKaIIC) XHiAXOCTS q INajC

()Tem~o-ra n.apoo6p3onallasN r - ~ A1C

S3)Tensoc-Axocm C 3l KIWAL4/k OC

( Te.onpono.Inocr x %OkxaAV-mUca 0C

-(371 Kog~,o~uui cin cparyponps0.3110CT% a ( m3;jwac

(3f) Kos~t~miyeI .1;Ileiinoro pamiminste~

('So) r.13QIUIWtI sCTiouislim R NO) ziClz OKx
(112) Kno~onumcms zenJTaqNm a 0KaAR/ '4ag *C

t'r~t
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(a KomsoqeCT8o TenUea A IKa~z, ac

(e4s) liaaeNue p 4 1C/I.Kf.d

4J IM~eauuqleCXIt IC3"HtCNT B3MKC1C on~) oz.CeI.w2
(5) Knemea-iemi XO3(oPUMMIT? 923XOCTII *21,~cei,

(Z) KpirrcPmiA PeetaeoaACa Re
(SI) KpHrepvA flpa]IATAS pr

(9f) KpoTrepetA flexe Pe

(Z) KpIIrepmAi rpacrooi Or

SQCocpeAoroqetetan cmia p (5) -
(91) Paaaeouepto pacnpeaCeaeeax itarpy3Ka q (6q) ,z/cml
((4 Moeiar mHeepilteitCM

((An) MomeeTr COnWpTIIInNIH wc1

S Mo.1y.mb ynpyroCTetKII9

(69~ KoS~muniHLWI flyacCOeta

JW flpeAea upOqHOCTU ltA1

C rs fpeiaex TeKylle"HtC ~ GIA
(kW ripeaem nOA3yqecru n 2C.
((pl) i4onycxessoe llanpQAieslee ita paCTnLentxe Rz KZICM%2

I( oymmo iianprnmeHHe mta HWfl6 &KIe

(Q) Aoviycxcae~moe iian po~etee ma cganee Rd ZC. 2

(10O) l0Inycxaemaoe etanpmeceeene "ta cpea ~ xz/c.u2

( 71) aonycKaemioe eeanpoeivte "a cmxINe Rem N2/CM 2

(1) 3anac npO.Ocae
(75) Toatummea c-T.MKNSex w

(1 rlpuNameta Ha IKOppo311eo. AOflycKc, 0SUb- C Cit. .M

Mabeweu N~ o~~T Ta A.

(JKOIICCTRO TPY6oet, fiG08 x (7)

( Wac Ipy60.K. 60.ITO. Ai
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Ksy: (a). Name of values. (n). Lesignaticns. (C). Dimensionality.

(1). Length. (2). Widtb. (3). Nei~bt/altitude, depth. (4). Diameter.

(5). Radius. (6). Area. (7). suzface. (8). Vclume. (9). Weight. (10).

t, kg. (11). Specific gravity/weight. (12). t/m3, kg/M 3. (13).

Specific volume. (14). m3/K. 415). Density. (16). kg-s 2 /m'. (17).

Salinity. (18). OB (Branot). (IS). Time. (20). hcur, s. (21). Speed.

(22). m/s. (23). Acceleraticn or gravity. (24). 3/S 2 . (25).

Expenditure. (26). kg/h, m3/n. (27). Temperature. (28). Absolute

tamparature. (29). Difference in temperatures. (30). Enthalpy

(;nthalpy) of vapor. (31). kcai/xg. (32). Enthalpy (enthalpy) of

liquid. (33). Heat of vajorization. (34). Heat capacity. (35).

Thermal conductivity. (3t). kcal/m-hour oC. (37). Coefficient of

thermal conductivity. I3). wa/n. j39). Coefficient cf linear

zxpansion. (40). Gas ccnstant. (41). kg-m/kg. (42). Heat-transfer

coefficient. (43). kcal/m2 h. (41a). Quantity cf heat. (44). kcal/h.

(45). Pressure. (46). kg/m2, k4/cm2 . (47). tcsses of pressure. (48).

Coefficient of lynamic v±jccsit). (49). kgos/M12 . (50). Kinematic

modulus of viscosity. (51). ma/s. 52). Beynclds number. (53).

* Prandtl number. (54). Feclat's criterion. (55). Grashof's critericn.

(56). Concentrated force. (57). kg. (58). Evenly distributed load.

(59). kg/cm2 . (60). Iosent of ;.nertia. (61). Ecment of resistance.

(62). Modulus of elasticity. (b.). Poisscn ratic. (64). Ultimate
(

strcngth. (65). Yield pcin . 4b6). Creqp limit. (67). Permissible
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2' tensile stress. (68) . Alloatle stress or curvature. (69).

Fermissibla ccmpr-issior. -tress. (7U). Permissitle shear stress. (71).

Permissible crumpling stiass. ().Safety factcr. (73). wall

thickness. (74i). Additicr to corrosion, allcuances, ovality, etc.

(75). Modulus of resistatca cf -Jcint. (76). Quantity of tubes, baits.

(77). pcs. (78). Space cz tubis, Dclts.
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