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ABSTRACT

Data are presented for wall temperatures and heat transfer
coefficients for solid-vapor mixtures of parahydrogen and nitrogen
flowing in an electrically heated straight tube of length 40 times its
diameter. These are interpreted by the application of flat‘plate,
constant property boundary layer theory to models in which the solid
particle geometrical distribution takes on simple limiting forms. The
observed enhancement of the heat transfer coefficient over that for
gas alone traveling at the same velocity is qualitatively predicted
as a fmetion of a dimensionless heat flux, the Sterman parameter
qw/vaX . This parameter is also shown to be an index of particle-
wall interaction and is used to correlate observed limiting wall heat

fluxes above which free flow may be guaranteed.
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1. INTRODUCTION

The study described below was conducted in order to obtain infor-
mation on the flow and heat transfer characteristics of single component,
solid-vapor mixtures flowing through rocket engine propellant supply
lines and propellant tank vent lines. The mixtures are formed when
cryogenic liquid fuels are introduced into lines open to space atmospheres
and thus at pressures below 10-6 torr. This is well below the triple point
pressures of most liquid fuels. Triple poinf pressures of some common
liquids are listed in Table 1. Such circumstances are most commonly
encountered during the idle period or restart of an engine and during the
accidental venting of liquid from a supply tank and can lead to lines

plugged with solid.

Table 1.

Summary of Triple Point Temperatures and Pressures

Triple Point Temperatures Triple Point Pressure

(°K) (torr)

Parahydrogen’ 13.8 52.8

- Nitrogen 63.2 94. 1
Fluorine 53.5 1.92
Oxygen 54.4 1.14
Water 273.16 4.58
Carbon Dioxide 216. 6 3885.2

In order to obtain basic information on this phenomenon, liquids
were expanded through orifices at the entrance of a simple straight tube
and then discharged into a chamber under vacuum. Fine suspensions of
solids in their own vapor were formed and, under certain heating conditions
of the tube, were seen through windows in the vacuum chamber to discharge
freely from the tube in a fairly homogeneous column. Under conditions of in-
sufficient heat input, discharge became unsteady and even ceased with the

tube temporarily blocked with solid.



The goals of the study were to establish heating conditions which
would permit free discharge of the solid-vapor mixtures and to measure
heat transfer coefficients for heat input through the tube Wall.v The latter
are, in fact, unique two-phase, forced convection heat transfer results,
but are quite related to more familiar studies of inert solid-in-gas sus-
pensions [1-5].

Previous studies of flow and heat transfer to gas-inert solids
mixtures were motivated by the desire to improve the heat transfer coef-
ficient of a gas stream. Experimental data of various workers including
the authors themselves were compared by Farbar and Depew [1]1for
various solids (glass spheres, catalysts, etc.) suspended in air streams.
In summary, their work showed that the pure gas heat transfer coefficient
could be enhanced, enchancement increasing with the proportion of solids
present and decreasing with particle size. Particles greater than 200
microns did not appear to affect the'heat transfer while 30 nﬁcr’on parti-
cles gave up to a four-fold enhancement for solids-to-gas mass flow
ratios up to 10. For the smaller particles, however, at mass {low
ratios less than 4,a decrease in heat transfer coefficient below the
pure gas value was noted. Similar observations were reported by Tien
and Quan [2]. They worked at mass flow ratios <3.5 with 30 micron
and 200 micron particles in both glass and lead. Only for the 30 micron
glass particles was significant enhancement noted; significantly, glass
has a volumetric heat capacity about 30% higher than that of lead.

Abel, et al. [3]conducted experiments with micronized graphite
(particles in the size range 1 < Dp <10 microns) suspended in helium and
nitrogen gas at mass flow ratios up to about 3. Only marginal enhance-
ment of heat transfer was obtained, but the meaning of the results is ob-
scured by the occurrance of deposition of graphite on the walls of the test

section.



Theoretical expressions for heat transfer coefficients for gas-
inert solid flow have been derived. In a simplified tréatment of heat
transfer in fully developed turbulent flow, with uniform distributi_on of
very small particles and an unperturbed velocity profile, Tien[4] showed
that the enhancement was proportional to the féctor

< 1+ _:E_._Ei._)
v p,Vv

In a laminar boundary layer analysis Edelman[ 5] derived the

enhancement factor

(i) ()

Vv P,V

Again, uniform particle distribution was assumed.

From this work the major effect of the presence of inert particles is
clear: particles act as heat sinks for the vapor and, insofar as they do
not constitute a hydrodynamic disturbance, they prolong the entrance region

and consequently enhance heat transfer.

For subliming solid-vapor mixtures,only the previous work of
Jones, et al.[6] is available. Preliminary studies were made of heat
transfer to solid-vapor mixtures of parahydrogen below its triple point
pressure flowing through a short (length = 13 diameters) uniformly heated
tube. Enhancement was again observed and a dependence upon heat flux
noted. A correlation was suggested in which a dimensionless heat flux, the
Sterman parameter, was used. This is discussed more fully below. In
that work only hydrogen data were reported since it was found impossible

to obtain free flow of solid~-vapor mixtures of nitrogen in the same apparatus.



In the present study a tube of 40 diameters length was used and
was inVestigated for both parahydrogen and nitrogen. Free flow was
achieved by concentrating heat in the vicinity of the entrance orifice.
Heat transfer data for the two fluids permit a test of the correlation,
suggested in the earlier study, here interpreted in the light of an
analysis presented below. This analysis permits some interpretation
of the form of the experimental correlation in terms of the distribution
of solid particles over the cross section of the tube.

Under one approximation the analysis suggests that particle size
would be an important factor in predicting heat transfer coefficients.
An attempt was therefore made at photographing the solid particles
discharging from the tube. Although quite clear photographs were
obtained, it is not possible to pick representative particle diameters
due to the wide range of particle sizes observed. However knowledge
of this range was found to be of use and some additional qualitative information

was obtained on the distribution of particles over the tube cross section.

2. EXPERIMENTAL

'2.1. Flow System

The solid-vapor mixtures were investigated in a continuous flow system
in which a cryogenic-liquid, nitrogen or parahydrogen, was expanded through
an orifice into a straight, heated tube and then discharged into a vacuum
chamber. Figure 1 illustrates the flow system used.

The test liquid at a suitable pressure flowed from the supply dewar
(A) through a precooler (B) into the plenum chamber (C) in which the thermo-
couple reference junctions were embedded and which also served as a
reservoir for measuring temperature and pressure of the liquid before
it entered the_ test section. The ligquid then expanded through an orifice into
the test section (D) where the pressure was well below the triple point

of the fluid being tested.



The use of the precooler assured that subcooled or saturated liquid

was maintained in the plenum chamber. The discharge pressure was
maintained by one or two reciprocating vacuum pumias (E)I each having a
capacity of 310 liters/sec at 10 torr and was cc’m’croll‘ed by an absoiute‘pres-
sure sensor (F) vacuum pump butterfly valve (G), and pneumatic proporb-

tional controller (H).
2.2. Test Section

The details of the test section are shown in figure 2 and 2A. It was an
"Inconel tube of 1.37 cm internal diameter (9/16" O.D.,0. 012" wall)
having a length-to-diameter ratio of approximately 40 between the inlet

orifice and the end of the tube.

Ten calibrated chromel-constantan thermocouples, located as
indicated in figure 2 were used to measure wall temperatures; four

heaters in the apparatus were used as follows:

1. Cartridge heater (P) upstream of discharge orifice for
varying the quality of the stream.

2. Heater (N) adjacent to discharge orifice to prevent caking
of solid on the tube wall adjacent to the orifice.

3. Main test-section heater (L) (wound uniformly and noninductively)
along the length of the fube to supply heat to the solid-vapor
mixture flowing in the test section. This heater could also be
electrically wired so that upper and lower sections of the tube -
were independently heated.

4. Auxiliary heater (M) at the lower end of the test section to
prevent heat loss from the bottom of the warm tube wall to
the cold vacuum insulating jacket. An eleventh difference
thermocouple (Q) located between the tube wall and the insu-

lating jacket flange provided an error signal for a temperature



controller which supplied power to the auxiliary heater (M)

and continuously compensated for this heat loss.

Pressure taps H1l and H2 located at the top and bottom of the test
section were used for measuring static pressure drop along the tube

during free flow of the solid-vapor mixture.
2. 3. Instrumentation

A data acquisition system consisting of a digital voltmeter, ampli-
fier, scanner, and printer was used for measuring and recording all
voltages and currents. These included heater voltages and currents,
thermocouple emfs and the voltage drop and current through a germanium

resistance thermometer located inside the plenum chamber, C.

Flow rates were measured by means of a calibrated flow orifice,
the pressure drop being read on a water manometer. For niftrogen runs,
the flow rate was varied by changing the test discharge orifice size, while
for hydrogen different flow rates were obtained more conveniently by varying
the pressure upstream of the orifice. The flow orifice was submerged in

the precooler to assure single-phase liquid flow.

Discharge chamber pressure was measured by an absolute pressure
mercury manometer, and a specially designed mercury U-tube manometer
capable of indicating small pressure drops was used to measure the pres-

sure drop along the test section.

Photographs of the emergiﬁg solid-vapor stream were taken using
a commercially available microflash unit, which had a flash duration of
0,3 x 10-6 sec, and a specially constructed camera consisting of a lens, a
1 meter expansion bellows and film holder. Because it was impractical
to locate the camera close to the discharging stream inside the vacuum

chamber, the special camera arrangement was necessary to obtain sufficient

-



resolution of solid particles. A traveling microscope was used to measure
particle sizes in the photographs.
2.4. Experimental Procedure

The discharge chamber was evacuated to a pressure well below
the triple point of the test fluid; liquid was then transferred from the
supply dewar to the precooler accomplishing cooldown of the transfer line
and filling the precooler.

Cooldown of the system between the: precooler and test section was
accomplished by venting the plenum (C) to the discharge chamber. Vent-
ing was discontinued when the germanium resistance thermometer located
in the plenum chamber indicated the presence of subcooled or saturated
liquid. At the first sight of solid emerging from the test section (viewed
through windows in the discharge chamber), power was applied to the
orifice and main heaters until free flow of solid and vapor was obtained.
The automatic temperature controller governing the auxiliary heater was
then placed in operation.

Heat transfer data and photographs of the emerging solid-vapor
stream were taken for a set discharge pressure and flow rate (dictated
by the size of the test discharge orifice and/or upstream driving pressure)
with variable heat flux to the test section.

Previous work [6]indicated that at low heat fluxes flow was im-
peded due to adherence of solid to the tube wall adjacent to the discharge
orifice. In order to qualitatively examine the heating conditions necessary
for free flow in a region of parallel flow (in contrast to the region near the
discharge orifice where the flow has a considerable radial component), the
heat flux to the lower 8 cm of the tube (farthest section from the orifice)
was reduced while the upper section heat flux was held constant. Heat

transfer data were also taken during these runs.



In order to investigate the effect of varying the quality of the mix-
ture, power into the cartridge heater was varied while discharge pres-
sure, flow rate and heat flux into the test section were maintained con-
stant, The power into the cartridge heater was increased until flow of
solid-vapor stopped, indicating the liquid upstream of the discharge
orifice had been vaporized. A significant variation of quality was not

accomplished.

3. RESULTS

Typical photographs of the solid-vapor mixture discharging from
the end of the test section are shown in figures 3 and 4 for hydrogen.
The absence of visible solid particles in the vicinity of the wall is clearly
evident in figure 4 where the heat flux was three times that for figure 3.
Photographs also indicated that a wide distribution of particle sizes
existed in the solid vapor stream ranging from 10 to approximately 500
microns. The limits on particle size are wide since is was not possible
in all cases to determine whether some of the particles being measured
were individual or optically superimposed particles. Particles less than
10 microns could not be seen clearly with the photographic resolution

available.

Selected temperature difference (TW— Ts) profiles are given in
figures 5 and 6 for hydrogen and figures 7 and 8 for nitrogen. The inside
wall temperature, Tw, was calculated by correcting measured outside
wall temperatures for temperature drop through the tube wall. The bulk
fluid temperature at a given station was taken as the saturation tempera-~
ture, Ts’ corresponding to the pressure in the tube at that point, there

being no means to actually measure it.

The heat flux to the fluid was calculated from the measured elec~
trical power input;taking into account axial conduction along the tube

(based on measured wall temperatures) and radiation losses.



The heat flux uncertainties were + 1/2 percent and uncertainties
in the temperature difference were less than + 5 percent for approxi-
mately 90 percent of the runs, the worst uncertainties being * 25 percent
to + 150 percent at low heat fluxes (<0.02 W/crnz) for hydrogen data
points. The uncertainties in temperature difference were almost entirely
due to a tendency of the wall temperatures to drift randomly during a run.
The arithmetic average of all the measured values (5 readings per datum
point taken over a 2-1/2 minute interval) were used in the reported results.

In general, for a given heat flux, flow rate and discharge pressure,
the trend was an increase in (TW—TS) with axial distance along the tube.

At a given heat flux and flow rate,discharge pressure did not appear to
significantly affect the temperature profile for hydrogen while for nitro-
gen the general trend was a decrease in temperature profile with increased
discharge pressure.

The temperature profile dependence on flow rate is also illustrated
in figures 5 through 8. For hydrogen with a constant heat flux,an increase
in flow rate decreased the temperature difference (increased the heat-
transfer coefficient) at all stations. However, for nitrogen, between
stations 5 and 7 only, the opposite is shown to be true as evidenced by
the generally steeper rise of the curves in figure 8 compared to those in
figure 7.

Attention is also drawn to the fact that wall temperatures remained
close to saturation temperature for greater values of x/D in the case of

nitrogen than with hydrogen.



In the discussion below it has been convenient to illustrate the
results by a plot of the enhancement factor, £, vs Sterman parameter,
NSr' The estimated uncertainties in these quantities are % 10 percent
and + 1 percent respectively for most of the runs, worst values for f being
+ 30 percent to = 155 percent at NSr <0. 0003 due to large uncertainties in
(TW..TS) at low heat fluxes.

While it was possible to obtain a plugged tube when the entire main

test section heater power was sufficiently reduced, this was not so when

H
{

only the power to the lower 8 cm of the test section was reduced. Althoug'h
the flow oscillated, plugging was not obtained for any measurable or repro-
ducible length of time. Heat transfer data taken during these runs sub-
stantiated the trends of f vs NSr shown in figures 10 and 11. Since plug-
ging did not occur in these runs it was possible to attain lower Sterman

parameters for N, and results indicated a dipping down of the curve at

2
low Sterman parameters. Because of the nonuniformity of the heat flux
applied to the entire test section (power to the bottom 8 cm of the section
was reduced while power to the remaining upper portion was held constant),
these results are not included in the data shown in figures 5 through 11,
where uniform heat flux was applied to the entire length of the test sec-
tion. However, figure 12 illustrates conservative heating conditions

necessary for free flow for the range of variables encountered in this
study.
4., HEAT TRANSFER THEORY
A complete theoretical description of heat transfer coefficient for
the subliming, solid-vapor mixtures investigated in this work would treat
momentum and energy transport for the two phases—particle and vapor —
in the presence of turbulence, particle transport, vaporization, compressi-

bility effects, and temperature dependent transport properties. Such a

10



general treatment is not yet available and the interpretation of the experi-
mental results’must proceed from simplified analyses. Such analyses at
this stage of knowledge have the advantage of separating out dominant
effects and pernélitting some insight into the total process. An alternative
procedure is to formulate the govérning differential equations and boundary
conditions and produce a purely humerical solution, but here insight is

not improved without very extensive calculations because the functional form
of the result is not known. It is further found thaf solutions are often not

possible because of lack of knowledge of details of processes.

For the present treatment it was decided to use a boundary layer
technique for laminar, incompreésible, constant property flow over a
flat plate with constant heat flux and investigate perturbations of the well
known single phase results by the presence of vaporizing solid particles.
It was considered that, being an entrance region with free stream turbu-
lence enhanced by that from the orifice, the flat plate laminar boundary
layer assumptions would be particularly appropriate up to the point of
boundary layer transition. Some slight deviation from the flat plate result
would be expected towards the end ‘of the tube where the boundary layer is

estimated to be between 10 and 20 percent of the tube diameter.

Esgsential for this analysis is a description of the size distribution,
geometrical distribution and velocity distribution of the solid particles.
A single size particle was chosen representing an average particle. For
the geometrical distribution,two extreme cases were considered. In the
first, a uniform density of particles was assumed throughout. In the
second,it was assumed that particles exist only outside the thermal boundary
layer. The first case corresponds physically to a high degree of mixing or
a low heat flux, while the second represents the case of no mixing and im-
mediate vaporization of particles entering the boundary layer. The true

physical picture lies obviously between these extremes. The two

11



cases are referred to below as the ""uniform particle density'' and 'vapor
film' cases respectively. For the velocity distribution of the particles it
was decided to treat only the case where no relative velocity exists between
the phases, as would be the case for sufficiently small particles.

The details of the analysis are given in Appendix A. The procedure,
the von Kdrmadn approximate integral method [7], may be outlined as
follows. Integral equations are written for mass, momentum and energy
conservation for both particle and gas phases separately and for the com-
bined phases for total conservation in a volume element which includes the
boundary layer. Fourth order velocity and temperature profiles are chosen
to satisfy all important boundary conditions. These are substituted into
the integral equations, and after carrying out the integration,a first order
differential equation results for both momentum and thermal boundary
layer thicknesses. The momentum equation may pe integrated immediately
and the result substituted into the differential equation for the thermal
boundary layer. The resulting differential equation is seen to resemble
the usual single phase equation except for terms due to the presence of
particles. The differential equations are soluble when a simple perturbation
technique is applied. This leads to an explicit expression for the thermal
boundary layer thickness as a function of x. For the case of uniform
particle density, a second simple asymptotic solution is possible when
the preserice of solid dominates. In this case the usual single phase
terms may be neglected and the solution is identical to that which would
be obtained if the solid-vapor mixture were stagnant,as shown by Simpson [8].

Finally, heat transfer coefficients, h, are evaluated and enhance-
ment factor, f, calculated. This is defined as

f = h/h°

where h® is the heat transfer coefficient for the vapor alone, traveling at

12



v

the free stream velocity of the mixture.

" as follows:

Case 1

where

and
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(a) Perturbation Solution:
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The results may be summarized
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and
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Mis a function of NPr only and is defined in Appendix A.
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5 DISCUSSION

5.1 Heat Transfer

In this discussion an attempt will be made to interpret the broad
features of the experimental results with reference to the theory pre-
sented. In the region close to the discharge orifice, the fluid mechanical
situation of the stream impinging on the tube wall with a non-equilibrium
condition existing between the phases does not lend itself to analysis.
The rather complex behavior noted above in figures 5, 6, 7, and 8 in
which the two fluids appear to behave differently is evidence of this.
However, it is supposed that adjacent to the wall a laminar boundary
layer does begin to develop in some manner in the region of the orifice.
It is further expected that the development of the boundary layer becomes
less dependent on this orifice condition the farther one proceeds down the
tube, so that the wall temperatures or heat transfer coefficients here
should be amenable to analysis. ‘

The temperature difference profiles of figures 5, 6, 7, and 8
show typical single-«phase behavior away from the orifice except for
erratic behavior near the end of the tube. (This amounts to a small
percentage since here the temperature differences are high.) Theory
predicts, however, that the heat transfer coefficient should be en-
hanced by the presence of vaporizing solid. Unfortunately, it was not
possible in these experiments to measure heat transfer coefficients for
the single phase, pure gas case under comparable conditions, and there-
fore recourse must be had to calculation.

It was suggested in a previous paper L61by a dimensional
analysis that, for a given value of x /D,a correlation should exist
between the enhancement factor, f = h/h°, and the Sterman parameter
NSr' While the present theory qualifies this somewhat, the plot is
still convenient in that one can say something about the trend to be

expected, namely: at large values of NSr’ f should decrease to an
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asymptotic value of 1.0 for all values of x/D. This is the prediction
according to equatioﬁ (6) and, in words, means simply that for high heat
flux the tube wall becomes blanketed by a thick layer of gas which, in the
limit, becomes pure gas flow as all the solid ié vaporized. o

If fully developed turbulent flow existed toward the end of the tube,

the Sieder-Tate correlation [9]

o

0. .
8NO 33

= 0.026 (k/D) NRe Pr

0. 14
be (b/u ") = b

could be used to calculate the heat transfer coefficient, h°, for the pure
gas traveling at the same velocity as the mixture. The enhancement

factor so calculated is shown in figure 9 plotted agaiﬁst N_ for x/D = 39,

Also shown are the data from [6] for x/D = 13. Apparentlff:he Sieder-Tate

correlation overpredicts the equivalent pure gas heat transfer coefficient

since the enhancement factor for x/D = 39 approaches a value of 0. 5-0. 6.

The data for x/D = 13 approach 1.0 as was noted in [ 6], but it now seems

likely that part of the enhancement here when compared to fully developed

turbulent flow is due to this station's being higher in the entrance region.
In the theory presented in this pé,per it is suggested that laminar

boundary layer theory could be used to describe the developing wall

temperatures. In figure 10,the enhancement factor presented was calcu-

lated for x/D = 39 using for h° the value obtained from equation (11b) of

Appendix A for pure vapor traveling at the same free stream velocity

as the mixture. Transport properties were calculated at T = (TW + Ts)/Z.

The enhancement factor calculated in this way is now compatible with

the stated requirement at’ large values of NSr for x/D = 39. For all

other values of x/D, f is greater than 1.0 also and shows the correct

trend of decreasing as NSr increases. It is noted also in this figure

that the data for hydrogen and nitrogen correlate well.

According to Schlichting[7] the transition of a laminar to a turbulent

boundary layer takes place over a flat plate at a Reynolds number, based on

16



length, of vt-h‘e order of 3 x 105. In the presenf experiments this vai&é is

" often ekceeded toward the end of the tube and, indeed, some of the erratic
behavior of the temperature difference profiles, particularly at high

heat fluxe s,cduid be explained by this; the possibilify should not be ex-
cluded that at low ‘heat flux the unVaporiZed particles in the boundary

~ layer damp out.turbuiéxit fluctuations and therefore stabilize the flow.

In either case it is clear from figures 9 and 10 that fully developed
turbulence was hot_attained in these expériments, and the laminar
boundary layér calculation of h° is reasonable.

It is how also clear that, except at high values of NSr’ heat
transfer is enhanced by the presence of subliming particles; indeed,
according to figdré 10,up to a tenfold enhancement was realized.

Thedretical' values of f are also shown on figure 10. At high
values of Ny , £ was calculated for x/D = 39 and the range of Np _
encountered experimentally using equation (6) for the vapor film model.
Unfdrtuna’tely," the range of validity of the calculation does not encompass
- the experimental data; but it appears that this model could represent

the correct asymptotic. behavior for large values of N If anything,

the theoretical curve is too far to the right. The 'unifoiin particlé
density model was applied using thé extreme values of particle sizes
observed. For the 500 micrbn farticle 8, the perturbation calculation of
‘equation (2) is valid and the result is the lower shaded area at the left
of the figure. For 10 micrdn pé,fticles, the perturbation term, c, is
too large for equation (2) to be valid. However, this case may be
handled by the asymptotic solution, equation (4). This is represented
by the upper shaded area at the left of the fi‘gux"e. These two results
have been plotted at'low N. r because this is precisely where uniform

_ S
~density is expected, i.e., low heat flux and, consequently, no vapor film.

17



Doap
.The result obtained for the enbhancement factor from the ,. . ...
asymptotic . solution is in good order of magnitude agreement with ,.i.....
experiment, and.the predicted independence oﬁN_Sr actually follows,the .

data for .small N The perturbation solution is either inapplicable :. -

r
{small p.a.rticlesior- predicts too low an enhancement (large particles).
It is evident that particle size data are crucial if the enhancement factor is
to be accurately predicted, but it is felt that these results using a wide
range of particle size are at least.encouraging. -

A,,fqrtherv point.of interest is the dependence of the enhancement
factor on,positibn along the tube. .This is-illustrated in figure 11 for hydrogen
data at x/D = 8, 19,. and 39. --..:v~_\,Al,so,. presented for cof,n-parison_are
the data for. x/D = 13.from [6].  The two sources of data seem to be
reasonably. compatible. , Although h° itself contains a dependence on
x/D, _'i_t,is‘. éﬂggep'thz}t‘. this is not, sufficient to compensate for.the experi-
mental dependence of h; the data for. different x/D do not merge together,
That this is expected can be shown by calculating f for the vapor film
model for different x/D In doing this,equation (6) has been used again,
but in order to, obtafir}. better agreement with the data, the density,.p ,
of partig,les_in,»thej free stream has been reduced to obtain a fit_wifchp
the data for x/D = 39. This is not without reason when one remembers
that in-the yapor film model all solid is assymed to exist as very,small
particles which vaporize in a negligible time. This is obviously not
the case in the experiments and only a fraction of the particles will be
effective,in this way. Having thus obtained a {fit for x/D = 39, the curve
for x/D .=.8 was calculated with the same value of pp, and for the same -

range o_f-,-NR .

o The shift is seen to be reasonable when compared with'

the data.
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The preceding - discussion leads to the following interpretation

of the observed trend of f with NSr’ At low heat flux and hence low NSr’ -

the distribution of particles is unperturbed by vaporization and is independent
of NSr as predicted by the uniform density model. Increasing NSr
vaporizes particles from the region adjacent to the wall,forming some sort
of film as particle concentration is depleted. Although the discontinuous
concentration profile used in the vapor film model is nat’ realistic, it isfelt
nevertheless that the same interpretation can be given to the role of N

Sr

as is indicated theoretically, namely, N_, is an index of the departure

of particle concentration profile from unsi;f.'orm. A striking confirmation
of this interpretation is obtained from the photographs, figures 3 and 4,
of the solid vapor stream emerging from the end of the heated tube. In
figure 4’NSr is 2. 3 times the value iﬁ figure 3; all other conditions are
comparable.
5.2. Heating Configuration for Free Flow

The preceeding interpretation of Nsrcan be put in another way.
Since uniformity of particle distribution is approached with decreasing
NSr’ it must also be an index of particlewwall interaction. That thiks is
explicitly the case is shown in Appendix B in a dimensional analysis of
the forces acting as a particle. The Sterman parameter plays much
the same role here as Kutateladze's parameter in boiling systems [9].
The latter indicates a change in liquid-wall interaction as nucleate
boiling transforms into film boiling.

In figure 12 an estimate is made based on operating experience
of the lowest safe value of NSr as a function of x/D above which free

discharge can be guaranteed. Below the value indicated, the flow may

become erratic or even stop altogether with solid plugging the tube.
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Also shown are the corresponding heat fluxes for the two fluids at several
flow rates. One can immediately see that higher heat fluxes are

required to maintain free flow of nitrogen than are required for hydrogen,

a consequence pfimarily of the higher molar heat of sublimation of nitrogen
At the right-hand end of the figure are curves which indicate the results
obtained when the heat flux was lowered in the lower 8 cm of the tube

while being held constant over the main section. For these results the

main section was not at its lowest safe heat flux.
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7. NOMENCLATURE

Coefficient of le in dimensionless temperature profile

c
Cp Constant pfessure specific heat of vapor J/g°K
D Inside tube diameter , » - cm
D};) Average spherical particle diameter : cm
f Enhancement tactor--defined in text.
F Force on particle : dynes
G Rate of vaporization per unit volume g/cc sec
h Local heat transfer coefficient W/cmz" K
hpl Partic;le heat transfer coefficient ' ‘ W/cm2°K
k Vapor thermal conductivity . _ W/cm°K
K Critical value of N
, T Sr

m  Mass of particle g
Ny, Nussett number, hD/k
N Particle Nussett number, h D /k

Nu, p PP
NPr Prandtl number, uC. /k
, _ P
Npo Reynolds number, (pp + pv) UD/u
NRe,v ngnolds number, | %UD/;J.
Ng, ~ Sterman parameter qw/vak
q, Heat flux at vapor film boundary . W/cm2
9y Heat flux through tube wall ' W/cm2
S Shape factor (surface area of particle/n-D;)

.22



48

(e

<

W

R

o O

'_d'D

Local mean temperature of vapor

Local wall temperature

Local saturation temperature

Free stream velocity for flat plate analysis
Radial velocity component

Axial distance a.long‘ flat plate
Perpendicular distance from wall
Proportionality constant-defined in text

Temperatuxé ,dﬁference TW - Ts

- 6
(q,, - a,) 8, /2k
6
%,0,/%
Momentum boundary layer thickness
Thermal boundary layer thickness
Vapor film thickficss
6 /8 6 /6
t/ m oF v/ m
Perturbation constant-~defined in text

Dimensionless coordinate (y/&t)

Temperature difference TF-TS

Latent heat of sublimation
Vapor viscosity

Dimensionless coordinate (y/ 8 )

Dimensionless function of Prandtl number--defined in text

Average solid particle phase density

23

e
°K

°K
cm/sec
cm/sec
cm

cm
dynes/cm
°K

°K
°K
cm
cm

cm

°K

g/sec cm

g/cc



Specific density of solid
Total density (pptpv)

Density of vapor

KDP/ Ny, p° S> <>»/?~*> ?;15/ ppﬂ v

(o/M) /2 |

Subscripts

Momentum

Particle

Saturation conditions
Thermal

Vapor or vapor film

W all conditions

Superscripts
Unperturbed pure vapor phase

Two-phase without vaporization

24
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MAIN TEST

SECTION

HEATER -
(L)

.37 CM LD
TEST SECT/ON._

PRESSURE TAP ..
HZ

AUXILIARY
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M)

,7“/\/—‘

LIQUID FROM
l PLENUM CHAMBER

CARTRIDGE
7" HEATER (P)
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5 o 57 om
e IR X
;
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THERMOCOUPLE (Q)
|

SOLID - VAPOR DISCHARGE
Lf TO VACUUM CHAMBER

Fig. 2. Test section, showing heaters and locations of thermocouples.
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Fig. 3.

Discharge of solid-vapor

(qw = 0,093 W/cmz, N
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mixture of hydrogen

op = 0-0035)
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Fig. 4. Discharge of solid-vapor mixture of hydrogen
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{q, =0.29 W/cm”, N . = 0.0015)
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Fig. 5. Experimental temperature difference profiles for hydrogen

with q, 28 parameter--low flow rate
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Fig. 6. Experimental temperature difference profiles for hydrogen
with q,, s parameter-~high flow rate
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Fig. 7. Experimental temperature difference profiles for nitrogen

with q, as parameter~-low flow rate
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Appendix A
Heat Transfer Theory

Treating the particle phase as & continuum, Simpson [ 8] derived
the basic continuity, momentum, snd energy equations for the two phases
separately and the mixture; In these equations the average solid phase
density is described by a function pp while the specific density of the solid
is a constant, ?J’P., The major difference between the conservation equa~
tions for a vapor in the presence of the particle phase and a pure vapor or
gas is that the former contains an energy sink and a mass source. The
mass source - the rate of vaporization per unit volume and time — denoted

by G is given by

h
_6s Pplp
G=p 5y (T-T) (a-1)
P P

where it is assumed that the particles, represented by an average spheri~-
cal diameter Dp and a shape factor S, vaporize at a rate proportional to

the local mean driving temperature (T - Ts), and t};e heat transfer coefficient
hP is based on the surface area of a particle, wDP S. The energy sink is

simply G[A + CP(T - Ts)].

By making the usual boundary layer approximations and integrating
the resulting equations across the boundary layer, or, by making mass,
momentum and energy balances across an element of volume extending
into the free stream,the following integral equations may be written for

the conservation of momentum and energy at a point x along the flat plate.

Mixture Momentum:

du d ~m 2u u |
= = e — - — A-2
b3y j p, U U<1 U)dy (A-2)

y=0 o

Al



Vapor Energy:

8 : 8
d ‘YtC T-T St A
T T PSR T T v ) Ghdy (a-3)

rVI‘he mixture momentum intégral equation differs from the usual
single phase equation [ 7] by the‘a.ppearance of the total density Py instead
of vapor density o, @8 might be expected for the case of zero relative
velocity. The vapor energy integral equation differs by the appearance
of the second integral term. In writing this equation the result has been
anticipated that the thermal boundary layer thickness is less than the
momentum boundary layer thickness. This will be confirmed below.
These are the basic equations which will now be applied to the two extreme

cases of particle geometrical distribution,

Case 1. — Uniform Particle Phase Density (pp = const). Exactly

as for the single phase case treated in standard texts [ 7] a fourth order
polynomial velocity profile is chosen to satisfy the important boundary
conditions which remain unchanged if particle-wall interactions are neg-
lected. Thus

u

s 4
5 = 2t-28 +g, E=vy/6 . (A-4)

Satisfying boundary conditions

azu
y=0,u=0,v=0,—-——2—=0

oy
2
dou o u
y =5 ,u=1U, <=0 2% - (A-5)
m dy aYZ

Inserting —8- from equation (4) into equation (2) results, after evaluating

the integral, in

A2



2pU 37

d 2
Ly o 2L =2 U“s
) 15 dx (pt ﬁm)’
m

which on integrating gives
" 1/2 ‘
Sm = [34){ <th>} . (A-é)

Again, as to be expected, this differs from the single phase case only in

the appearance of Py instead of P

A fourth order polynomial is now chosen to represent the tempera-

ture profile of the vapor.

T

T -

s ) 2 3 4
—T_—:——'f—_ = -T_\-—-: a+bn+cn +dﬂ +en: 'ﬂ: Y/st (A-?)
W S

The coefficients a, b, ¢, d, and e are to be determined. The boundary

conditions to be satisfied are

- 2 G
dT A 4" T w
y =0, T Tw,dy 5 k(+cp) (A-8)
dy
' 2
dT d T
V = 8B, T=T’_:O: —5— = 0,
t s dy dyz

These boundary conditions differ from the single phase case only in the one

2

for at y = 0. This condition should be considered carefully, It will

2
dy

2
be recalled that kV T is the heat sink per unit volume and time. In the

vicinity of the wall the rate of vaporization is given by equation (1) as

A3



and since vapor must be heated up to TW after leaving the solid boundary,

the energy removed from the gas phase is

5 :
k(V = A T -T
(v*T), = G I +C(T - T )]
or
Kv2T) = G_(A+C_T).
4 w P
2
. dZT d T a1 v .
Furthermore, since > < under the usual boundary layer approxi-
dx dy

mation, the boundary condition follows.

Applying the boundary condition (8) to equation (7) gives the following

values for the coefficients:

a=1,15=-<-§’—+z>,d=z-c, e =<

3" 1
where Gw ,
= o (A Ir
¢ 2kT° ( v+ Cp )Bt :

The temperatﬁre profile thus contains a coefficient which is a function of
x through its dependence on Bt and T and, in contrast to the single phase

result, temperature profiles are non-similar. This is a direct consequence
dZT
of the presence of heat sinks and, hence, the boundary condition on —

2
discussed above. dy

Inserting the temperature profile (7) into equation (3) and carrying

out the integration results in the following differential equation:

d 2 .17 \ 3/3 3.
= I = w N[ ———
9w T dx [vapU 5t{A (15 *90 c) 140 ~1260 ¢/ |
471 98 NEN 3 <
+A (180 " 27,216 © )}J +G‘w“%(lo - 60), (A-9)

where A= Bt/am'
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‘If the approximation is made that the variation of (A + GC) with x is

2
®
negligible compared to A, it may be readily shown that ¢ = -—%—— where
- z
> D 2 A Tp *
- _gﬁ_?___s_ < = =(r +I'C )
Nu,p A pp

Furthermore, I' = qwat/k(z +—(35). Making the substitution for I

in equation (9) results in equation (10)

pCU

1 = — N T T B
dx k(“ 15 \140 ~ 1260

471 2¢ A /3 <
ta <180 27, 216 )}J (2 +c/3) J* TZ)"BT)) (A-10)

It will be noticed that if ¢ is put to zero in equation (10) and pp

to zero in equation (6), i.e., Py =P, then the equations reduce to the

single phase case and by integration the familiar results are derived:

d/2

5.0 = 5.83 x1/2< a ) (A-11a)

m p U :
\'2 .

1/2
) 1/2 -1/3

= A-11b
B, 4.44 x " "N <p T (A-11b)
and L = o761 N V3 (A-1lc)

Pr

If ¢ is put to zero but p_ is not put to zero,the results are:
P

) P, v1/2 |
8, = (1 +pV 8. (A-123)
VL |
51:1 = <1 +—E)R 5t° (A-12b)
v
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p_ /3 ~ )
1 :
A = (1 +——£—) AQ. ’ (A-12c)
pV

Finally, the terms in ¢ may be regarded as a small perturbation
and, considering only terms of first order of smallness, equation (10)

becomes

p CU

b= dx[ 2k Ot (15+90 )]‘Pl % © (A-13)

Integrating and substituting for x from equation (12) results in

X
N Y P O G IS (15 34 3
°t T % [T TxJT0 OE \34) Pr
o -1/3 41/3
(1 +;P—> c]

Since c is regarded as a small perturbation, we may substitute ¢ =

1,02
(5, /Z)°. Then

Stl [1 - (5 /2 (ifw 0. 186 N. 1/3 (1 R ) 1/3)J1/3 (A-14)

v

]

11/3
)"

or 1 1 c
o) St

The requirement 6t < Sm is now seen to be satisfied since gtl/am <1

for pp/pv <1. The local heat transfer coefficient is

2
ks 1
B¢

> {A-15)
t t t 36t2

Ab



Whereas for the single phase case we have

Then the enhancement factor, f, defined as h/hO is

80 60 61'2 50 8061
fom b ot <,t O S g
by 6% =) 8  z?
or
f= 4 pp/pvﬂ/é[l/u - e)1/3+%(5t1/2>zj (A-16)
where

1,21 A 1/3 -1/3
= N = L _o.
e (61;/ ) [5 K 0.186 NPr (1 +pp/pv) J
1. , .
and 5, is given by equation (12).

A simple solution may be obtained for ¢ >> 1 if it is assumed that
heat transfer from gas to solid is so effective that mnegligible heat goes
toward raising the temperature of the vapor. This has already been con~
sidered by Simpson| 8] using third order polynomials to represent velocity
and temperature; a very similar result is obtained in the present case.

The approximation implies that the derivative in equation (3) is zero. Thus,
Ot
= A dy. A-11
Ay, g GAdy ( )

This may be evaluated immediately from equation (10) by again neglecting

the derivative, whence

2c A 3 C A
g ——— ——— e - 18

AT



or since ¢ >> 1,

_ <1oxj/zz
sk
N ‘

-~

1/2

12 %
= (10 P
51: - (3 ) <p /NNu,pS) Dp .
P
Then, from equation (15) neglecting the first term

1/2-p /2 %
h-(ig [—-‘EN SJ ..).‘__]]g_

N

-pp Nu, p A p
and o
. £
5-1/2;—22 1/2>\ 6‘5
J o= 6 LN NNu S 2 D
pp 3P p

- i = < : = =
Case 2. Vapor Film (pp 0,y By pp const, y 5t)

(A-19)

(A-20)

(A-21)

In order to make this case tractable it is assumed from the outset

that the velocity profile and momentum boundary layer thickness are still

given by equations (4) and (11a) respectively.

Since now, however, all vaporization is concentrated at the edge

of the thermal boundary layer, the second integral in equation (3) is zero

and in its place appears 9, the heat flux at the edge of the thermal boun-

dary layer, Thus

d P -
- = —— u -
9, -9, - S} pVCp (T =~ T )dy

(A-22)

where § is the new thermal boundary layer thickness or vapor film thick-
v

ness.

The following temperature profile is now introduced:

A8



1-2n420 -1+ !F?_/I.‘1 (1 -1), M= y/8 (A-23)

;= (o, -a) a/Zk
2 = 98 /k

This profile reduces to the usual single phase case when q, = 0. It will

H
]

H
I

be seen that this temperature profile satisfies all important boundary con-

ditions although 9, remains as yet an undetermined function of x.

2

-k 08 o978
Atn:o’ e:r +r, -—-—-----:q y  — = O

1 2 8y x| W anz

' 2

) “k 96 378
AtT= 1, ©6=0, === q,—=0.

fo)
B, il L ET]Z

Substituting the temperature profile of equation (23) andthevelocity profile

equation (4) into equation (22) and integrating yields equation (24).

Cu gl ) 3 4
@ -q =oyp 4 D W W s28 34 Ay, 2
w Yy K dx 2 15 " 140 180) WOy

3 4 .
A A A
' (3‘-3’5“*“3‘5 } (A-24)

Integrating and dividing through by x

p.C U (q -%)
-2 =___P_ 2w v E.é_éé__ b
§qux kx LSV 2 <15 140+180)+q5

oot
w
e

A AT
. <§, B} “’"""5"6)}' (A-25)

A9



An approximate solution of (25) for 5V may be obtained by neglecting all

but the terms in A. Then, if equation (11a) is used to eliminate x,

X
q
1-;{1-5-‘-’-dx=34N [—%—5-+—1‘-15-——li]/.\3
q, r q,
Now
dév 3 4 as_ .
- A = A(24 - A4
q uluépp T = U e M2a- 207+ ) —
y.“"V'

and if q /4 _ is regarded as a small perturbation,it may be evaluated
v S g p y

from equation (27) using 5: and & from equations (11). The result is
- o _ 03 04, .0
qv/qw -—-E-——qw (287 - 207 + A )at /2x
and
9,
2
— \— dx = 2q /q .
=Sy %,/4,

From (26) and (29)

Ao (15\1/3N -1/3 [I—qu/qw ]1/3

3’4‘) Pr 1+ 4qv/qw

and finally,

o ]

(A-26)

(A-27)

(A-28)

(A-29)

(A-30)

Again the assumption that Bv < 5m is confirmed. Introducing the Sterman

q 3 4 .
parameter, NSr = 5—6}%" and writing I = (ZAO— ZAO + A° ), noting that

v : .
this is a function of the Prandtl number only, the perturbation term may

be written

A10



a/q, = Nsr-lﬂ(SEVZX)(pP/pV) (A-31)

The local heat transfer coefficient is given by

h ____Ij_v%“f‘;— - <_§.§_)/<1 +§v/qw)

1
and the corresponding single phase heat transfer coefficient is again

(o]
ho = zk./'gt .

Hence, the enhancement factor is

f = (——:L)/(l ta/a,)
-1 -1/3

f o= [l~fqv/qwj [(ﬁ —qu/q“;V<i-+4qv/qw)J . (A-32)

The resulting enhancement factors, equations (16, (21), and (32),

or

for the cases considered have been derived for a distance x from the
commencement of the boundary layer for flow over a flat plate. The
equations will also apply for some distance in the entrancé region of a
straight tube. For this case the more familiar Reynolds number form may

be used for gto by introducing the tube diameter, D, thus,

52/x = 4.44 NPr"l/3(x/D)“1/2(N

-1/2 )
t : Re,v) : (‘A 33,)

All



Appendix B
A Similarity Criterion for Particle-Wall Interaction

Consider a particle diameter DP and mass m, which has entered
the boundary layer due to a radial velocity component v. The reactive
force F', acting on the particle due to vaporization over the hemisphere

away from the wall is given by
dm
Fy~ (a )lvl

where V1 is the relative velocity of the evolved vapor at the surface of

the particle in the y direction., But V1 may be expressed as

dm 4
v =<
1 dt /] pmp °
v P
and >
h D
(Cjir: ~ % <T“T)
. 1 /vy 4+D /4
P
whence

n 2 wp ° 2
Flz()\‘p) P (T—T)’ .
Py N S y +D /4

Similarly,the reactive force due to vaporization over the hemisphere facing

the wall is

h .?.'erZ

F2 ”’(—k&) pp (T"TSJZ‘

v

-D /4
YT

and the net reactive force in the y direction is

Bl



_133;2‘ mD_ 4 \Z | ;
F, - <F2~Fl)m-<}\) —-—Ezpv a—};@‘- T,). (B-1)

Now if it is assumed as is reasonable that the particle heat transfer

h D
PP
k

coefficient is given by a constant Nusselt number ~ 2, we may sub-

stitute for hp and arrive at

e £

and for an assumed linear temperature profile , approximations now being

understood,
4

k dt
FY X dv) < >
4 7D

\, *'—E( = (o0 7)

Let s = (St - y); then the force in the s direction may be written

H

or

F = - 08
8
or ,
2
dtz m
whence
1/2 /2
g = 5 sin (—) t, 0 < (—M}t <t
and . 1/2
Fs =-ap sin(;) t
or
Fs = o~ ozat sin - wt, 0 "<wt—2w. - (B-2)



If a partlcle has just sufficient momentum to rebound before striking
the wall the reactlve impulse experienced up to the tlme it stops is, neg-

1ecting gravity, - h w/z
S‘—-— d(wt )

.i'i
el

H'
H

H

)1/2

(¢m)" sy | (B-3)

]

But this is equal to the -y momentum the particle had at the point of
entering the boundary layer. Therefore, we have

)1/2

omav = (em)7 e . (B-4)

Thus, the criterion for a particle to have just sufficient momentum

to strike the wall and no more is

1/2 By

[¢3
L= 7

1/2
e (..'Epv) %- P v7~) (B-5)

Now particle-wall interaction may only occur at low heat fluxes and
in this case the uniform particle density model, Case 1, would be expected
to apply. Then, an upper limit to the value of Bt/Dp may be set by taking
the assymptotic solution which would represent the behavior of small

particles.

Substituting for at from equation (19), Appendix A,

- 3 pp) S/ p VA

Nup v

where K is a constant ~> 1.
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Again, assuming the constancy of thé particle Nusselt number,
NNu o and the shape factor §, and scaling the radial velocity component

v with the free stream velocity U, we may write the criterion as

Sr
Pp p

P /2 :
K = (--5 N @
where the constant terms have been incorporated into‘K. Now (pv/p ) is
a function of the quality, and at low heat flux remains fairly constant along
the tube. Furthermore, in expanding a near-saturated liquid to a sub-triple
point pressure,one nearly always arrives at about the same quality for
isenthalpic expansion (25-30%), the precise value being relatively insensi-

tive to discharge pressure. Finally, then, the similarity criterion for

particle-wall interation may be written
N = K - (B-8)
Sr

where K is a constant to be determined empirically.
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Explanation

MIXTURE SAT

TEMP
K

QUALITY
VAP/MIX

REYNOLDS
- NUMBER

EXP/FPSP
H-T COEF

Appendix C

Tabular Results

Saturation Temperature based
on static pressure (°K)

Mass rate of flow of vapor per
unit mass rate of flow of mixture

NRe (see Nomenclature)

Enhancement factor based on
Sieder-Tate, single phase heat
transfer coefficient

Experimenté,l runs numbered 101-367 are for nitrogen. Experimental
runs numbered 500-654 are for hydrogen. Runs numbered 173-182
and 621-654 are for non-uniform heat input (heat input to lower 8 cm.
reduced while upper section held at constant heat input). All other
runs are for uniform heat input to whole tube.

Cl



STa TURE waLl MIXTURE STATIC MIXTURE QuaLzTY MIXTURE REYNOLDS STERMAN HEAT FLUX EXP HaT EXP/FPSP  EXR/STT

NO  TEMP SAT TEMP PRESSURE DENSITY  VAP/MIX  ENTHALPY NUMBER PARAMETER AT wALL  COEF A=T COEF HeT COEF

- K X MM HG 6/CM3 - J/76 - - w/cMe W/CM2K - -

RUN NO 101 ORIF DIA D.0567 CM  FLOW RATE 2,81 6/S LIG TEMP B2.5 K LID PRESS 3.05 ATM CART HTR PWR 0.000 W
1 3%0.9 S58.3 32.2 0.000686  0.361 54,51 63619  0,05556 94337 0,0319]  ##*dseoee 14,065
2 61.7 58.2 31.1 0.000563 0,426 - 70,30 63741  0,00409 0.812 0.,23183  s%odpade 72.197
3 58,5 5841 30.5 0.000548 0,430 71,22 63801  0,00213 Vo428 1,00236  woooees 308,058
4 59,4 58.1 30.0 04000536 04433 71,84 63861 0.00204 0,013 0,31010 LT 95,010
S  SH,8 57.9 29.0 ©e000512 0,439 73,05 63993  0.00£05 0.419 0,44668  scdsoas 135,462
6 Bu,2 5746 2648 0+000462 0,453 76,09 64292  0.00197 Vsb16 0,01840 wessdes 5,675
7 166,3 57.1 2347 0,000378 0,493 85,20 64731 0.00180 0.413 . 0,00378 5,594 1.210
5 188,5 56.8 21,8 0.000326 0,53} 94,25 65048  0.00167 Gebls G.,00324 4,636 - 0.990
9 1A7,1 8646 2049 0.000300 0582 99,04 65209  0.00161 Dokl 0.,00317 4,301 0,945
10 191.2 5645 20.4 0000289 0,562 101440 65290  0,00156 Vatl0 0,00304 4,056 0.5896

RUN NO 122 ORIF DIA pepS67 CM  FLOW RATE 2,81 6/S LIQ TEMP 82,1 K 1IQ PRESS 3.05 ATM CART HYR PWR 0.000 w

1 388,0 8.5 33.3 0.000718  0.356 53,53 636496  0,05566 - 9,225 G,03208  e#dssue 14,252
2 62.% 58,3 32.0 V000584  D.622 69,34 63641  0.00472 0.928 0,22335 = estuuncw 70,192
3 SR.9 g8.¢ 31.3 V000567  0.427 TG, 44 63713  0.00280 0557 0,78890.  esvapos 244,129
o . BL,4 58,1 30.7 04000551 0,430 71425 63784  0.00268 0538 0,26203  ewvusan 74,638
S 62,3 S8 29,5 U.000522 0,438 72.83 63923 0.00266 0e543 0.23376 aebpute 71,207
& 68,9 37.0 27,1 0.000664 0,456 76,82 64250 0,00256 Q544 0.0480% “utachs 16,646
7 2p2.5 8741 23.8 0+000370¢ 6507 BB,77 64715 0.002827 0538 0.00370 5,144 1,184
8 244,8 Bh. 8 218 G.000320 0.557 100457 65039 0.00200 0.338 0.00286 3,449 0,870
9 256.% Sbeb 2049 0.000284 0584 106,80 65206 0.00197 04537 0,00269 3.129 0,793
10 261.9% 5645 2044 U.000272 D597 109.R8 65289 0.00191 0.532 0.00259 24,967 04753
RUN ND 103 ORIF DIA Da0567 CM FLOW RATE 2.81 G/S LIG TEMP H2.0 K LIG PRESS 3,05 ATM CART HTR PWR 04000 ¥
1 345%,1 58,5 33.R 0,000731 0356 53,26 63443 0,05562 94179 0,03203 sndguan C 14,266
2 63,0 5843 32.3 0000592  0.420 69,08 63601  0.00503 04985 0,21147  soduose 66,662
3 59,1 58,3 3.6 V000873 02626 70.28 63679 0.00313 0.620 0,71186 PLY Y Yy 220,657
4 61,0 88.2 30,9 04000556 0,430 71,18 63757  0,00<98 U598 0,20817  eusaaus 64,316
5 - 61.2 584 29.6 0eD00S23  D.438 72.95 63906  0.0Ue99 vs610 0,19338  eovupow 58,951
6 103,7 5746 27,2 0.000463 04458 T7441 64238  0.00282 0.402 0,01308 swsgase 44150
7 226.9 57,1 23.9 V000304 04515 90,68 64711 0.00249 0.598 0,00352 4,583 1.127
8 274,0 5640 218 0000303 0570 103,79 65039 0.00224 04596 0.00274 3,099 0.829
9 297.4 5646 20.9 0.000277 D599 110,69 65207  0.00€12 0.593 0,00257 2,802 0,752
10 28146 5645 2004 0.0U0265 D614 114411 65290  0.002¢8 04597 0,00265 2,935 0.760
RUN NO 104 ORIF DIA 0,0567 CM FLOW RATE 2.81 G/§ LIQ YEMP 82,0 Kk Ll1A PRESS 3.04 ATM .CART HYR PWR 04000 W
1 345.3 58.6 34,4 0000745 04354 53.21 63373 0.05543 9,129 0,03184 il it 14,193
2 63,4 5844 32.8 0000601 0620 69,02 63549 0.00526 1.028 Ue20721  Sobildeiid 65,400
3 %9,.3 5843 32.0 0000580 G425 70428 63636 000335 0663 0465506 pRépoGe 203.147
4 61,3 58.2 31.3 0000561 0.430 71.24 63723 0.00320 04640 0,20957 #adauas  £4,T46
5 6] % 58eu 2948 V000526 04439 73415 63886  0,00324 04662 0419454 = wwequts 59,247
6 150.7 5Te7 273 60000462 0460 77,95 64225 0.00298 02639 0.00687 sHtp000 2.280
T 235.5 S57al 2349 0000361  0.521 92.12 64707 0400263 00641 0.00359 4,585 1.1664
8 205.9 5648 21,8 04000298  0.SR0 106415 65040  0.00235 0.636 0.00266 2,863 0800
9 305.8 5.0 2049 04000271 © 0,611 113.50 65209  0.00221 0.632 0400254 2,662 0,735
le 287.1 56.5 204 0+000259 0626 117.19 65291 0,00221 Qo647 0.,00281 3,090 0,793
RUN NO 105  ORTF DIA D.0567 CM FLOW RATE 2.81 G/5 LIQ TEMP 82,0 K LIQ PRESS 3.04 ATM CART HTR PWR 0.000 W
1 32,1 58.4 32.6 04000708 0355 53,11 63568 0.05496 9.080 0.03201 #eduode 14.255
2 61,4 58,2 31.5 0,000579 0,439 68,57 63700  0,00439 U RST U,23894  sevucen 75,436
3 sy,0 58,2 3049 0,000563 0.+423 69,57 63765 0,00248 0,490 0,56634 sosoan 176,462
4 60,0 58,1 30.3 0.000%49 0,427 70,28 63830 0,00237 0,472 0,20693  stvseca 64,279
5 58,9 67,9 29,2 U, 000522 0.433 71,67 63965  0,00237 0,478 U,52772  wespsos 161,693
b 64.2 57 .6 270 0.000468 0+449 75417 64276 0.00228 0479 0.0725% wotgueo 21.882
7 183.9 5741 23,8 0,000378 04495 85,68 64727  0.00205 Ges74 0,00374 5,372 1.206
8 219,7 5648 21,8 v.0U032V 0539 96,08 65046 0,00188 Va674 0,0029) 3,652 0,897
9 226.6 Stet 2049 04000295 D562 101,55 65210  0.00179 VesT0 0,00277 3,39% 0.829
167 20M,2 S6.5 20,4 D.000283 0574 104,29 65292 0.00180 04683 0,00319 4,170 0,932
QUN NO 107 ORIF DIA 0,0567 CM FLOW RATE 2,81 G/5 LIQ TEMP 82.0 K LIQ PRESS 3,04 ATM CART HTR PWR 0.000 ¥
1 361,7 S8l 31.4 0.,000682 04355 53,07 63703 0.05501 9.110 0,03214 #udynaa 14,310
2 60,6 5841 3045 Us0u0563 0419 68,39 63810 0.00378 0.738 0,29272 h i 92,314
3 59.0 58.1 30.0 04000550 0+423 69.21 63863  0.00183 04361 0,36884 “Hbyass 115.214
4 89,2 5841 29.5 02000538 D+425 69.73 63915 0400178 0+354 0.292656 wdtonad Gl1e07)
S 58,3 5749 2R.6 04000517 04430 70,76 64042  0,00177 0356 0,77375  esboass 238,461
& 6g.2 57.6 26.6 UeD004T0  pedb2 73,35 64324 ¢.00173 04357 Oe1364ap  wodnaeus 40.776
7 148,.8 57.1 23.6 0.00039y Dea76 81,14 64747 0.00159 0.353 0,00385 6,151 1,249
B 169,6 5648 2147 04000338 (e510 88,87 65059  0.00148 0,354 0,00313 4,567 U.981
9 1T0.6 56.6 2049 V000314 04527 92,95 65217 000143 0.35¢ 0.003)) 8,497 0.949
10 168,0 5645 2n,a U.0003u3  0.536 94,99 65296  0.00142 04356 0,00319 4,669 0,961
)
Cc2

[B- 71533 ]
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STa TURF WALL MIXTURE STATIC MIXTURE QUALITY MIXTURE REYNQLDS STERMAN HEAT FLUX EXP #-T EXP/FPSP  EXD/S-T
NO  TEMP SAT TeMP PRESSURE DENSITY VAP/VIX ENTHALPY  NUMHER PARAMETEKR AT WAL COEF H=T COEF H=~T CUEF
[4 L3 MM HG - G/CM3 - J/6 - - W/Cwe W/CM2=K - -

RUN NO 108 ORIF DIA 0.0567 CM FLOW RATE 2.8)1 6/S LIQG TEMP 82.1 K LIQ PRESS 3,04 ATM CART HTR PWR 0,000 W

1 342.8 58,2 30,8 © 04000667 0,357 $3.28 63776  0,05521 90179 . | £,03225 eossess 14.329
2 60,1 581 30.0 0,000552 0.420 68,60 63869 0,00342 0.670 0.32163 asonans 101.156
3 58,8 S84 29.6 0.000541 Ge423 69431 63915  0.,00146 0.288 0,36786  sevasse 116,747
s 58,8 57+9 29.1 0.00053)  0.425 69,73 63972  0.00143 0.283 0,32831  oevsssce 102.083
5 58,0 5748 2R.3 0.000513  0.429 70455 64084 0400142 0284 1,87985  ssssass $79.875
6 89,6 574b Q6.4 G.0U04TU 04439 72460 64351 0.00139 04285 015489  oeessese 47,177
7 12R.8 5741 23.6 Ge0003YT G467 78,79 64759  0.00130 0.283 ©,00395 6,715 1,277
8 1464 5648 2147 0.000348  0.494 R4,96 65066  0.00123 0.283 9,00323 5.047 14916
9 143.9 5640 2048 0.000326  0.+508 ag,2p 65221 0.,00219 0.283 v,00324 5,091 0,999
1o 143.2 $6e 2044 00060315 04515 89.82 65298 0.00118 0.283 U,00327 $,149 0,996
RUN NO 109 ORIF DIA 0.0567 €M FLOW RATE 2,81 G/S LI0 TEMP 82.1 K LIQ PRESS 3,04 ATM CART HTIR PWR (0.000 w
1 345,84 59,1 30,4 0.000657 0,357 53,38 63821 0,05545 9,240 0,03216  #pousnve 14,285
2 s9.d Sbe. 29.5 vs 000545  D.621 68,74 63906  D.00322 Geb31 0,.35523  wessase 111,519
3 - 58.5 S8 29.3 0000535  0e420 69.39 63955  0.00123 0e243 041396  wovunes 1284941
& GR,.5 5749 2R.9 04000527 04426 59474 64007 0400120 0239 Ue3BEI2  edvaave 120665
5 57,7 5748 28.2 Us00USI0 04429 70443 64110  0,00120 0240 Hpeeede  peboste aanadan
6 59.0 5745 2643 6000470 04437 7214 64367  0.00118 Ue240 0,16202  s#Suase 494480
7 11%.3 571 2345 U«000401 0461 TTe34 64766  0+0011] U238 Ye00409 Tetl2 1.318
8 130.1 5648 é1e7 0000355 DabRé B245] 65071 0+00106 U239 0.00325 $.353 1.027
9 129.2 5640 2n.8 0000333  0.496 05,25 65223 0+00303 Ge239 0.00329 5,454 1,020
10 128,46 SHe5 204 04000323 Le502 B6460 65300 0.00102 0239 V400331 5,517 1.017

RUN NO 110 ORIF D14 0.0%67 CM  FLOW RATE 2,81 G/S LIG TEMP 82.1 K LIO PRESS 3,04 ATM CART HTR PWR (,000 W

1 3a7,1 58,1 30,2 0.,000652 0,358 53,43 63848 0,05554 G, 265 0,03205 autpnue 14.236
2 84,0 88, 29,4 v.000842 0.62] 68,77 63930 0.,00302 Ve593 0,42124 LA LA 132,106
3 58,4 5749 29.1 0,000832 Vo224 69,35 63979 0,00101 0.200 0,47709 EY YT s 168,640
4 58,2 57.9 2R, 8 U,000525 04425 69,64 64027 0,00099 06197 U, 62447 ey 194,064
5 57.5 S57.4 28.0 C.00U50Y 04028 70420 64125 Q.00099 0.198 L2 2y entapan BaRBERE
6 58.5% 5745 263 0.00047) 0435 714690 64376 0.00098 0s198 0.19240 LT LT 58,943
7 86,1 574} 23.5 04000606 04455 75,86 64779 Ue00U53 04197 0.0050% 1v.2¢7 1,604
2 116.5 Sbe ! 217 0.000362 0676 80410 65073 0.00089 0197 0.00329 5,749 1.042
9 115.7 564t 20.8 04000341 0.484 R2.34 65224 0400087 00197 0,00333 S,847 1.036
10 112.5 5645 20t Ve000332 0+489 B3.46 65300 0. 00UB7 0199 0.00355% 6,380 1.092
RUN NO 111 ORIF DIA nep867 CM  FLOW RATE 248) 6/S LIQ TEMP 82.1 K LIQ PHRESS 3.04 ATM CART HTR PWR goQgg W
1 347.8 5840 29.8 0.000642 04359 53.51 63893 0.05578 9,322 0,03217 wohteaws 14,277
2 59.1 57.9 2941 0.,000535 0.422 68,87 63975 0,00279 D548 §,45831 afbaun 143,544
3 58,1 57.9 2R.B 0.000527 Des24 69,39 646019 0,00U78 6,154 0.62728 sutipots 195,294
& 58.0 57.8 28.5 0.000%20 0425 69.60 6462 0.,00076 0.150 0.B4aT749 EEE Ty 263,353
S 87,2 57.7 27.9 0.000507 0.428 70,03 64151 0.,00076 0.151 Gapeshe BHQGauE Aeaphen
& 58,1 57.9 2641 0.000472 02433 T1.07 ©4392 G.00075 Ve151 0,23116 aGbacbe 71,065
7 76.9 5741 2344 0000611 04448 74,28 64776 0.,00072 0.151 0,0076]1 17,384 2,362
8 100.1 5647 21,6 0a000374 0.463 1748 65077 0,00069 0,150 0,00346 6,515% 1,093
9 99,6 Sb6.6 2n.8 6000351 0,471 79417 65226 0.00U68 0.150 0,00348 6,586 1.08%
10 95,4 5645 2044 V.000341 04475 RQ.01 65301 V.00069 0.153 v,00392 7,681 1.209
RUN NO 112 ORIF DIA 0.0567 CM FLOW RATE 2.8} G/S LIQ TEMP 82,3 K LIQ PRESS 3,04 ATM CART HIR PWR 0,000
1 354,4 5843 29486 0,000634 0.362 564,25 63911 0.05683 9,583 0,03233 Hafpavy 14,279
2 59,0 579 2Ge0 0.000527 [ PLY-2-] 69499 63994 0.00265 0528 V.46810 sRdgaos 165,327
3 58,9 S7.Y 28,7 U+0005280 0629 Tos46 64035 000061 0.121 0,79646 wehyan 233.%27
4 ST STe8 2R.a4 0000513  0e430 70463 64076 0400059 ve118B Guabers  pavaos aaBeost
5 57,0 57,7 27.8 0000501 0ed3) 70,96 . 64162 0400059 uel19 Fantann L sotaden
H S7.8 T2 26} UsDO046Y 0636 T1e76 64399 0e00USH ue1l8 De31649 LA LE LI 96111
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STA TUBE WALL MIXTURE

NO

TEMP
K

RUN 'ND 114

-

T
<
z

—

o
<
z

—

o
<
4

-

x
[
z

—

X
[ =
Z

SR~ FWN DVWENOUNE Wi DOETNOCUE W © D0~ N O OCTDNPUP LN -

O LENPREF W -

346,6
60,5
59,4
59,3
58,7
59,9

108,7

127.9

125,8

124,7

NO 115

347,1
60.9
$9.6
6040
58,8
60,2

125.7

141,3

139,3

139,9

NO 116

345.0
61,8
59.3
60.0
59,1
60,7

146,2

16146

158,8

159,%

NO 117

344,8
61,9
89,2
60,2
S9.4
61.3

161,8

183.2

180.3

176,3

NO 118

345,85
62,3
59.3
6042
56,6
61,7

176,8

203.0

202,0

200.9

NO 119

345, 6
62,8
59,6
60,4
60.0
62.7
192,9

227,17

228,8

220,86

STATIC

MIXTURE

SAT TEMP PRESSURE DENSITY

K

ORIF D14

5846
58.6
58.6
5840
5846
5844
5842
5840
57.9
57.8

ORIF DIA

58,7
5847
58,7
S58.7
5847
58.5
5842
584¢
5749
57.8

ORIF DIA

58,8
58,8
88.8
58,7
58,7
5845
58.¢2
5840
87.9
57.8

OrlIF 0Ia

58,8
58,8
G848
58.8
S8BT
58.6
58.2
5840
57.9
57.8

ORIF DIA

58.9
5844
58.8
58,8
58.8
58,6
58.3
S8
57.9
57«8

ORIF DIA

58,9
58,9
58,9
58,9
5848
58,0
58,3
58w
57.9
G578

MM HG

0+0567 CM

3407
3446
3445
34,5
34,3
33,1
3.0
2946
28,7
28,3

0+05867 CM

35.5
3543
35,3
3%.2
34.9
33,6
3142
29.5
2848
28,4

040867 CM

35,9
35,7
38.6
35.5%
35.2
33.8
3144
2946
28.8
2844

040867 CM

36,4
3641
3540
35.9
3546
J4e)
31.5
29.7
2R.8
2R.4

00567 CM

3646
36.4
36.2
3641
35.4
3442
1.6
297
28.8
2844

020567 CM

37.¢
36,7
6,6
36,4
364}
3445
31.7
29.8
28,9
28,4

G/CM3

QUALTTY
VAP/MIX

FLOW RATE 2.85 G/S5

04000751
04000637
00000632
0,000629
0.000621
04000599
04000525
04000476
0000454
0.000443

04354
0616
04419
04420
Det24
Q.432
04655
04478
04490
04497

FLOW RATE 2.85 G/S

0.000769
0.000650
04000604
0000639

Ve 000630

0.000594
04000522
V000467
04000443
0.0060431

0.353
Deblb
0+419
0e42]
0s425
0434
Ded62
0+4R9
0+504
0,511

FLOw RATE 2.85 G/S

0,000779
0.000658
0+000650
0.000645
04000634
04000594
0.00051
6000455
0.0004286
0+000416

0.352
04418
0e418
0s621
0+425
04437
0.47)
0504
0.522
0530

FLOw RATE 2,85 G/S5

0.,000791
0.0006686
0.000658
04000651
0.000638
0.900594
Ve000506
0.000442
0.00041¢6
Us000ay1

0.351
Qe014
De418
04421
0e426
[y )
0,480
04519
0540
04550

FLOW RATE 2.85 G/§

V000798
V00067
0.000662
04000655
0.00064]
0-00059«
0000500
000633
0,000406
0+000390

04350

04565

FLOW RATE 2.8% G/S

0,000807
0.000678
0.000668
04000660
Ve000h63
04000593
G.000693
0000422
v.0003ve
04000278

0.350
0,613
0e418
D+621
Dsb428
0.44%
0«96
0545
0571
0+58%

MIXTURE  REYNOLDS STERMan
ENTHALPY NUMRER

J4/6

LIQ TEMP 82.1 K LI1G PRESS 3,05

53,30
68449
69,15
69,51
70.23
7202
1739
82,73
85,57
86,99

LIG TEMP 82,

53.30
68461
69,34
69,77
70462
72475
79413
85447
88,85
90,53

LIQ TEMP 82.0

53,08
68,40
69.23
69,76
70481
T3.42
81426
89,04
93,19
95.26

LIQ TEMP 81,9

52495
68,36
69,28
69.91
71.16
T6.26
83,58
92.78
97.69
100414

LIQ TEMP B}.5

52.80
68,16
69,16
69,87
T1.27
TaeT6
85,22
95.58
101,10
103+85

LIG TEMP 81.8

52,68
68,16
69,26
70406
71465
75.61
HT.46
99,20
105,43
108,56

Cc4

66266
64279
64286
64292
66312
64443
54687
64870
664972
65p22

PARAMETER

0,05522
0.00324
0.00125
0400122
0.00122
0.00120
000113
0.00107
0.00105
0400103

HEAT FLUX
AT wALL
w/Cme

ATM CART

9.229
0.637
00246
0.242
Ue243
Qu244
0.2%2
Ge242
04243
04242

K L1G PRESS 3.05 ATM CART

64177
64196
64205
642315
6424]
64390
64558
64853
64963
65018

0.05551
0400347
0.00149
0+00144
0e00144
000141
000131
0.00124
0.00121
0.00118

9.260
Ve682
0.296
04286
ve289
0.290
0+287
0,287
Us 288
0,286

K L1g PRESS 3.05 ATM CARY

64132
64155
64167
64178
64208
64365
64644
64846
64959
65016

0.05540
0.00379
0.00186
0.00177
0.00176
0.00172
0.00158
0.00148
0.00143
0.00140

9.210
0.742
0e363
04351
04354
04355
0.352
0,352
04353
04350

K LIQ PRESS 3.05 ATM CART

64079
64107
64120
64134
64169
64334
646628
64838
64954
65014

0,05552
0.,00412
0.00218
0.00209
0,00208
0.00e03
0.00184
0.00170
0.00164
0.00160

9.204
0.8US
0631
O.6le
0s620
0.621
0,617
Uea)7
Uesl8
04417

% LID PRESS 3.0% ATM CARTY

64052
64082
64097
64112
661649
64319
64619
64834
64952
65013

0,05516
0.00439
0.00245
0400236
0.00234
0s00227
0.00204%
0.00187
0400179
0400175

9.123
0.R58
0,483
Vea68
00471
00473
04469
0es69
o469
Uet67

K LI PRESS 3,05 ATM CART

64008
64042
64059
64076
64116
64294
84606
64R27
64948
65011

0,05537
0,00471
0.00278
0.00267
0.00264
0.00255
0.,00226
0.00206
0.00196
0.00192

9,136
0,919
U.548
0.531
VB34
V536
0.531
0530
0.529
0.532

EXP HeT
CoEF
W/CM2wK

HIR PWR

0.03206
0.33191
0430007
0,23101
2,99608
0417191
0,004A80
0,00346
0.00357
V.00362

HTR PuR

0.03212
0.31132
0,34794
Gs22863
1.60848
0,16781
0.00425
0,00345
Ve 00354
0,00349

HTR PWR

0.03218
V,27091
0.62367
v,28351
0,82173
U,16433
0.00609
0,00340
0,00350
0.00344

HTR PwR

0.03218
v,25770
1.02410
0,28808
0465557
0,15611
0.00603
0,00333
0,00341
0.,00352

HTIR PWR

0,03183
U, 24544
1.,01406
U,33570
0.55%676
Gel5149
0400395
0400323
0.00326
0.00327

HTR .PWR

0,03187
9,23407
1,06475
0433669
46754
¢.13032
V00396
0.00311
0,u0310
v.00327

EXP/EPSP  EXP/S=T

H=T COEF

0+000 w

LY 22
L3 s X 1 124
snbgpOn
sHBGHOn
sattontn
BREQUERN
8,905
5,649
5,910
6.043

0.000 w

oo paté
Ghbpaite
LYY 2
aUBG SRS
Rt HOHG
LR 2T 22
7.¢10
5,328
5,533
5,432

0,000 w

Gatpnen
abousGY
aasppey
soboate
P YY)
LTI
5.390
4 895
5.100
S.005

0000 W

woBenen
whdpuHE
[T TR 2
LTS
P
P YT 2
5,903
4,454
4,615
4,85]

0000 ¥

T YT T
oot
GOV Ee
fdpaits
2 LY 223
auvgony
5,614
4,133
4,119
4,211

04000 W

L2 2- Y223
Y-zl
sottpuio
XL 22 2 1)
BRBgubo
P LT 2
5.349
3,751
3,706
4,020

HeT COEF

14,121
103.476
92.867
102.¢57
918,012
$2.0686
1.518
1.075
l1.v8%
1.U90

14,157
97.052
107,566
T..496
491,609
50,587
1352
1,065
1.067
1,040

14,209
B4 ,695
192.909
Q7,437
250.952
49,333
1,304
1.043
1,043
1.016

16,230
AUL.67]
316,605
Bb,794
199.791
46,625
1,281
10013
104
1.019

16,098
7T.ul4
313,859
103.503
169,608
45,091
1.257
0.978
0952
0937

14,136
73,520
323,201
103.709
142,120
38,664
1e867
0.937
0.896
0.%25

B- 71535



STA TUBE WALL MIXTURE

NO  TEMP
-

RUN NO 120

349,2
63.7
8Y,7
60.0
60,3
66,3

216,9

260,86

269,7

260.9

-
SOE TR EWN -

>
c
z

NO 121

347,3
64,4
60,0
61.9
61,2

1201

239,0

294,5

302.6

282.3

COCELPR L N

-

x
C
z

NO 123

3433
63,3
59.6
61.0
6042
62,9

195.1

231.2

234,5

223,9

COCT~NOUP W =

P

4
[=
z

NO 125

340,8
60,9
57,9
58.3
58,8
66,6

165,9

201.9

214,41

209.5

-
CODNE LS WN -

n
[=4
z

NO 126

337,0
61,6
58,1
58,4
58,9
64,2

183,2

230.0

244.9

235,46

SOE NGV S W~

e

0
[ =4
Zz

NO 127

343,2
82,0
58,3
58,8
59,3

147,58

206,9

261.5

270.8

267.0

OO ®NTR S WN

—

STATIC

MIXTURE

SAT TEMP PRESSURE DENSITY

X

ORIF OlA

59+0
5940
£9.40
5849
88,9
38.7
5d.3
S8.0
579
57.8

ORIF DIA

59,1
5945
5900
5940
58,9
5847
5843
58,1
57.9
7.8

ORIF D14

58,9
58,9
58.9
58,9
58.8
58,6
5843
S840
5749
57.8

ORIF DIA

58,2
5748
7.5
57.3
5649
5646
5.7
8542
SSets
54.9

ORIF DIa

88,2
57,8
57,5
57,3
5649
56,4
55,7
55,2
55,5
54,9

ORIF DIA

58.3
57¢9
§746
5744
§7.0
S6e%
5847
65548
55.0
54.9

MM HG

0+0567 CM

37.8
37.3
37.3
3741
3647
34.9
3240
2949
2849
2844

040567 CM

38,3
37.9
3747
3745
3740
35.2
32.1
3040
29.0
28,%

0+0567 CM

37,1
36.8
3647
3645
3641
34,5
3.7
29,8
2849
28,4

040867 CM

30.9
28,0
26.5%
28,1
22.8%
19.6
1644
14.4
1346
133

0¢0567 CM

3.0
28.0
2646
25.1
2245
19.6
16,4
1446
13.6
13.3

0.0567 CM

31,9
28,7
27.2
25,7
22,9
19,8
1646
14,4
13.6
1343

G/CM3

QUALITY
VAP/MIX

FLOW RATE 2.85 G/S

0,000823
0000688
0.000677
0.0006067
04000648
0+000893
04000484
0..000409
04000377
04000362

04350
LITSEY
0+420
0423
043}
[ LS-3Y
0+509
04565
0595
0810

FLOW HATE 2.85 6/8

0,000834
0,000696
0.000684
0.000673
0.000652
0000592
0000477
0.000399
0.000366
0000351

04349
0,414
04420
00624
64433
00455
0.518
0+580
04613
04629

FLOw RATE 2.85 G/S

0,000812
0,000682
Ge000672
0.000660
0.000647
0,000596

0000495

0.000423
0.000393
04000378

0.348
0.411
Ged16
0419
02426
0eb44
04495
0544
0.571
0+584

FLOw RATE 2,90 G/S

0.000670
0,000%18
G,000487
Us000459
0.000409
0,000349
0,000273
0.000225
0.000206
0,000199

04356
04420
0.425
04428
04436
0,448
0,486
0.521
0+539
04548

FLOW ‘RATE 2.9p 6/S

0.000672
0.000519
04000488
0.000459
0.000408
04000346
0,000268
0.000219
04000200
0.000192

0,356
0,420
04425
0.429
04436
0.482
0.495
05235
04556
0.566

FLOW RAYE 2,90 G/S

0,000695
0,000533
0,000%00
0.00046%
0.,000414
0000308
0.000266
0.0006214
0.000195
0.000187

0,353
D419
04424
0.428
0.436
0.454
0.502
04548
0.571
0583

MIXTURE REYNOLDS

ENTHALPY 'NUMRER

J/76 -

LIG TEMP 81.8

52.82
68459
69481
70473
T2.55
77.09
9065
104,07
111.18
116,74

LIQ TEMP B1.9

52,85
68,55
69,87
70.89
7291
T7.97
92.9%
107.78
115.62
119.55%

LI0 TEMP 81,8

52,37
67,71
68,80
69,61
T1.2%
15,20
87,12
98,93
105,20
108.34

LIQ TEWMP 82.}

53,17
68,28
689,10
69,63
70463

L1Q TEMP 8241

83,10
68,31
69,22
69,84
71,02
76416
R3,82
93,17
9R.04
100,48

LIQ TEMP Bl.8

52,63
6A,03
69,05
69,76
71.16
74,80
85,76
96440
101,94
104,70

C5

K LIG PRESS 3.05

63923
63961
63982
64002
64050
66244
64578
64813
64939
65007

STERMAN

PARAMETER

0.05602
0.00512
0.00316
0.0030%
0.00301
0+00288
0.00252
0400227
0400215
0+00€11

HEAT FLUX
AT wA{L
W/ Cme

ATM  CART

9,782
1.002
0.626
0s609
Oenl2
Vebla
0.607
Ue606
Us604
04510

K LIQ PRESS 3,05 ATM CART

638890
63918
63937
63959
64011
64214
64562
64805
64934
65004

0,05543
0400544
0.00352
0400336
0.00337
0400315

0400275

0.00204
0.,00229
040029

94139
1,062
G696
Ves71
U688
04675
veb72
0,669
0.664
02681

K LI PRESS 3,05 ATM CART

63999
64034
64051
64068
66110
64289
64603
64825
64947
65011

0,05501
0.00472
0.00282
0.00269
0.00267
0.00£58
0.00228
0,00807
0400397
0.0019%

9.042
U.917
0.553
04533
0e537
UeS40
G534
04534
0,532
0539

K LIa PRESS 3,10 ATM CART

65846
66230
66439
66650
67047
67578
6A238
68727
68916
69010

6.05428
0.,00394
Q.00210
0.00203
0.00200
0.00194
0.00178
0.00165
0.00159
0.00159

9.305
0.798
04430
0.418
0420
0.42)
Uesl7
0e0l1?
o415
0e422

EXP n=T
CoFF
W/CMZ~K

HTIR PWR

0,03185
0.21326
V,87440
0440250
0443206
0.08054
v,.00383
0400299
0.00285%
0.00300

HTR PuR

0,03170
0,19604
U.71038
0.23004
0,29919
0.01100
0.00372
0.00283
0.00271
0.00303

HTR PuR

0,03180
0420652
U,75993
6,2505%
0.38980
0,12468
0400390
0,00308
v.003c1
0,00324

HTR PuR

0,03292
0,2%049
1,09515
O.41544
0,279R2
0,05097
0.,00379
0.0028%
0.00261
0.00273

K LIQ PRESS 3.10 ATM CART HTR PwR

65835
66220
6A430
66642
67040
67573
68234
68725
68914
69009

0,05439
0,00421

0.00241

0.00233
0400230
0,00222
0,00v261
0..0018%
0.00177
0.00177

9.315
0,R53
Oet94
0,482
GeuB3
0,485
U480
0479
04476
Q.485

K LI0 PRESS 3.10 ATM CART

65734
66118
66340
66564
66971
67530
AR204
6RT1S
68910
69006

0¢,055%08
0.00461
0,00276
0.0026%
0,00268
U.00267
0,00¢24
da.buers
0.00195
0.00194

9,362
0,928
0,560
Ve54b
0,565
Ve542
(XYY
Ue543
Ue539
Us548

0,03341
0,23436
0.82085
0,43615
0.2672H
0.,0622%
0,00377
U.00274
0400251
0,00269

HTR Pul

¢.,03285
0.72366
0,R1431
v,.38221
¥.24771
v, 00595
0,00361
0.00263
U, 00243
U.0025R

EXP/FPSE
H=T COEF

04000 w

b/OGﬂGCf("
whdauds
R4 T 2]
woopnon
subpobu
HeBoBuD
4,999
3,403
3,162
3,612

0e000 w

AT T
Hadnutoe
Baitoate
sHByusO
Bovonb e
spedpnus
4,616
3,002
2.825
3,324

0000 W

Brdpaus
wetpaah
Fre ey
L2 T
whSouee
LT
5,345
3,721
3,598
4,016

0000 w

tatouny
chdanae
wovoue
satpabs
LUFpBHG
LA LT T Y
5,954
3,A5%
3,387
3.5%«

0000 ¥

Qg
wnbpany
L2 2T
#hBoEen
EXTe T

3,32H

0.000 w

GEBpudl
LR T332
ERE 2T XS
PRBJOUL
TR Y2
H#odpahe
S.06ph
3,04
2,732
2,941

EXe/S~1
H=-T COEF

14,130
»6.877
269,538
123.366
130,504
23,783
1.203
0,884
0.813
0,837

14,054
61,588
219,031
70,621
90,311
3.504
1,165
0,829
0,768
0.831

14,134
w5.167
236.u31
17,524

118,985

37.100
1.240
0.927
4,875
D.921

14,262
TT,u7%
332,863
125,858
a2 ,937
15,199
1.210
4.88%
0797
0,820

16,467
72,161
249,381
111,952
Ta,209
18,435
1.€00
0867
0.758
0.798

14,323
A9 GY93
247,816
115,791
74,317
1.962
1.152
V6%
0,721
0,159

[B- 71536 ]
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TURE WALL MIXTURE
SAT TEMP
K

TEMP
K

STATIC

MM KB

NO 128 ORIF DIA 040567 CM

345,0
62.6
58,8
60,6
65,2

168,64

223,64

289,40

302.6

286,2

NO 129

337,9%
62,0
58,6
6040
63,9

156,86

1978

254.,6

273,1

257.1

NO 130

340,13
8).9
58,6
59,6
66,6

152.0

187.5

231.2

248,6

239,.5

NO 131

340,95
60.8
58,6
9.0
58,3
93.9

156.9

184,5

211.2

193,2

NO 132

336,9
%99
58,4
58,5
57,9
59,2

130.3

150,.8

158,4

158,6

NO 133

338,2
59.2
58,1
58,1
57.4
88,4

109.,4

128,64

131,3

13u.7

58.4
5840
57,7
57,5
570
56,4
55,8
58.2
5540
54.9

ORIF DIA

58.3
57.9
57.7
5744
87.¢
5644
55,7
5642
8540
5449

ORIF DIA

58,3
S7.9

57.6

8744
57,0
56.4
55.7
55.2
5545
5649

ORIF DIA

58,1
57.7
578
872
56,8
5643
G547
852
8.9
5449

ORIF DIA

57,9
87,5
573
57.1
5647
5643
5546
55.2
560
5449

ORIF DIA

87,8
57.4
87.2
571
5647
5642
85,6
$8.2
1T
S4,9

32.5
29.3
27,7
2640
23,2
20.0
1647
14,5
13.7
13.3

00867 CM

32,9
28,8
2743
25,7
2249
1949
1646
1645
13.7
13.3

0.0567 CM

31.9
2B 7
2%.2
28,17
2249
19,9
1646
1444
13.6
1343

040867 CM

30.1
27.3
2640
26446
22.2
19.4
1643
14,4
13.6
13.3

00567 CM

28.8
2643
25.0
23.8
2146
19.1
16¢1
14,3
13.6
13.3

0,0567 CM

28,1
28,7
2446
2344
213
1R.9
16460
16,2
13.6
13.3

PRESSURFE

MIXTURE
DENSITY
G/emM3

QuALITY
VAP/MIX

FLOW RATE 2.90 G/S

0000708
0.000541
0.,000506
0.000674
6.000417
0.000348
0,000263
0.000210
0,000191
Gl.000182

04354
0419
0.42%
0.029
0.438
0+458
N.510
0,559
0.%A5
04597

FLOW RATE 2490 G6/S

0,000699
0,000537
04000504
02000473
0,000418
04000352
0.000269
0,000218
04000198
04000190

04352
0e816
0.421
0.425%
0.¢433
04450
04496
04539
0.562
04573

FLOW RATE 2,90 G/S

0.00069)
04000532
04000590
0,0004639
0,000415
0,000350
0.000270
0.000220
0.000200
64000192

04355
0.419

0.566

FLOW RATE 2,90 G/S

0,000655
00000509
0.,000680
0.000683
0.000406
0.000348
0000275
0.000229
0.000211
De000204

0,356
0.419
0,423
0426
04432
Bedbéd
0478
0,510
02526
0.534

FLOW RATE 2.88 G/5

0,000627
0,0006490
2000666
0,000640
04000398
04000346
04000279
0.000237
04000220
0,000213

0.356
04419
0.422
0+425
0430
Qebap
Qo466
0,491
0504
04511

FLOw RATE 2,90 G6/S

0.000617
0.000684
04000660
0,000437
V000397
0. 000348
0.000285
0.000245
0.000229
0.000222

0.354
Deb)6
D420
De021
0+425
0634
0454
Dea74
Ge4R3

. 0.488

MIXTURE

ENTHALPY NUMRER

J/76

LIQ TEMP 8149 K

52.80
68,26
69,35
T0.14
T1.69
75.67
87,63
99,21
108.22
108,22

LIG TEMP

82,37
67,41
68,37
69,05
70,37
73.81
B4,18
9,27
99,51
102014

LIQ TEMP

83,11
68,19
69411
69,74
70497
74,15
83.82
93,25
98,16
160,61

LIQ TEMP

$2.85
67.77
68,52
68,99
69,88
72429
79,71
86,97
90,76
92,66

LIG TEMP

52,70
67,59
68,23
68,57
69,23
T1e04
76477
A2,39
85.34
B6,83

LIO TEMP

52,19
66,89
67,42
67,66
68,13
69,45
73,77
78,00
80429
81,36

81.9

82,1

81.3

81,8

Ccé

65659
660446
66275
66507
66926
67498
68181
68707
68905
65003

K LIg PRESS 3.10 ATM CARTY

65723
66107
66331
66556
66963
67525
68199
68713
68907
69004

K LIo PRESS 3,10 ATM CART

65731
66116
66338
66562
66969
67528
68201
68713
68907
69003

K LIn PRESS 3,10 ATM CART

65935
66319
66517
66717
67106
67613
68261
68732
68916
69009

K LI0 PRESS 3.50 ATM CART

65545
65904
66083
66262
66634
67096
67719
68156
68330
68419

X LI0 PRESS 3,10 ATM CART

66206
66550
66721
66893
67263
67709
68328
68754
6R926
69014

REYNOLDS STERMAN

0.05495
0.00485
0.00300
0.00288
0.00<91
0.00266
0.00241
0.00217
0.00206
0.00207

0.05401
0,00445
0.00263
0.00254
0.002587
0.00236
0.00216
0.00197
0.001R7
0,00189

0.05387
0.00427
0000245
0.00238
0,00238
0.00220
0.00203
0.00187
0400178
0,00179

0,06386
0400376

-0400189

0.00183
0,00185
000175
0,00i63
0.,00153
0.00145
0,00149

0,05423
0.00334
04060148
0.00144
000143
0+001490
000130
0.00124
0400121
0.00121

0,05408
0.00303
0400115
0.00132
Ue00111
6.00110
0.00104
0.00099
0,00097
0,00097

LI0 PRESS 3410 ATM CART

G343
0.980
Veblé
0.596
0+615
0,589
04594
0.589
04584
0.598

9.151
0.891
0+534
0520
0536
0513
U.518
0.515
0510
0525

9,208
0.863
0eB00
04491
0.501
0,480
0+485
0.484
04480
0.490

9.218
0,758
0,386
0.376
0,385
04377
0376
0377
0,370
0.385

9216
0.668
0.298
Ue292
0?93
0295
0e292
0,792
0.292
04297

9.233
0.607
0.232
G.228
0.229
0,230
G228
Vl.228
0.228
0.230

HEAT FLUX EXP H=-T
PARAMETER AT waALL
W/CMu2

CoEF
W/CMZ-K

HTR PWR

0.03259
0.,20892
0,58754
0,18887
0.07515
0,00526
0,00354
0.00252
0,00236
0.00259

HIR PR

0,03273
0,21809
0,55144
0.20097
0,07817
0.00%12
0,00366
0.00258
0,00234
0.00260

HTR PyR

0,03266
0421675
055009
0,22228
0,05234
0,00503
0.00368
0,00275
0400248
0,00265

HTR PWR

0,03264
0,24073
0.3412)
0.21257
0,26552
0,01003
0,00372
0,00292
0.00237
0.00279

HIR PwR

0,03303
0,27925
0,26677
0.20901
0.25736
G. 09920
0e00391
0,00306
0.002R2
0,002686

HTR PwR

0,03292
0,343190
0.27332
0.,21083
U,30792
0.10429
U,00426
U,00311
0.00299
0,00303

EXP/FRSP  EXP/S-T
n=T COEF #H=-T COEF

0.000 w

eavpans
PYTY TS
vevpnos
anvopna
autpoun
PPy
4,758
2,788
2,524
2,RR7

04000 ¥

sndnsoa
LRy
LT
B
wotousns
GedneeD
5,333
3,112
2,609
3,110

0.000 w

L2 22T 23
LA L2 22 44
“4odqubu
GoHHDOH
aRdponY
#GOpLUY
5,468
3,682
2.912
3,217

0,000 w

EA T2
wovsabo
abBonae
RO G
sfBgotn
ot 044

04000 w

222 22
CHOpDRS
safgpba
oatagnoy
LA 2T 2 44
BRUGHON
7.050
4,924
4,383
4,440

0.000 w

LA 222 10
EX A2 2L
poPesun
satatay
AL TR 4
eHRaune
8,211
5,313
5,017
5,111

14,198
66,508
178,542
57.252
22.709
1.752
1.127
0.769
0.700
0.752

14,280
67,706
168,796
41,356
23,796
1.71%
1.172
0.802
0.709
0.772

14,160
66,864
167.405
67,456
15.940
1.672
1.177
0..849
0.750
0.78Y

14,175
T4.350
104,310
664,805
R0,269
3.175
1.19%
0.912
0,737
0,847

14,440
86,804
2,275
K4,303
78,66]
29,979
le28]1
0,969
6,883
0,587

14,3862
106,356
Ho 183
64,818
94,164
31,622
1,355
0,988
q,937
0,944

71537



STA TUBE WALL MIXTURE

NO  TEMP

T
AUN NO 134 ORIF DIA 0.0567 CM FLOW RATE 2,89 G/S LIQ TEMP 8i.8'k Lln PRESS 3.08 ATM CART

1

1
2
3
4
5
6
7
8
9
0

Eod
<
z

[

OOP®NPNE W
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z

-

E
[=4
Z

-

x
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z

—

o
<
z

-

QD ODNPRA D WN QODNOT S WN -

DO ENOP RPN

COTNTNSWN -

L4

335,17
59,6
57.5
58,6
57.7
59.0

130.5

15,8

165,0

172.4

NO 118

333.8%
59,9
57.5
88,6
58,0
59.4

143,46

172.7

184,3

191.4

NO 116

336,8
60,4
57,7
58,5
58,4
59.9

156,4

192,3

204.6

211.1

NO 137

337,0
61,0
58.0
58,4
58,8
T4l

183,2

228,9

243,4

251.3

NO 138

337,9
61,6
58,3
58,6
59,2
95,1

204.1

260,9

277.0

281.6

NO 140

336,3
63,0
59.2
61,4

67.46.

183,85
2%52,1
326,9
337,5
323.5

SAT TEMP
X

6749
5743
§740
5647
5641
5G.9
5445
5348
8344
$3,3

ORIF DIA

ST+9
5743
570
8647
§6.1
5544
5445
$3.8
5344
53.3

ORIF DIA

S840
S7.4
6741
56.8
S6.2
§5.5
54,5
$3.8
5345
£3.3

ORIF DlA

58,1
575
57.2
5648
56,1
55.4
S4,4
5346
53,3
5341

ORIF DIa

58.2
5720
8742
56,9
5622
55.4
54.5
$3.7
83.3
5341

ORIF DIA

5843
577
5743
5746
5642
88,5
54,5
53,7
53,3
%341

STATIC

MM HG

28.8
25.)
2302
21.4
18.2
18,2
1149

9.7

Bet

Bed

0+ 0567 CM

28,7
25,0
2342
213
18,1
1541
11.8

97

8.8

fed

040567 CM

29.8
25,9
23.9
22.0
1845
15,5
1240

9,8

8.8

Bab

040567 CM

30.%
2642
2641
219
18.2
15,2
11.6

9.3

a,3

79

0.0567 CM

31.2
26.7
2645
22.3
1845
1544
118

93

8.3

7.9

N.0587 CM

32.2
27.5
25.2
2209
18.9
16.7
1149

3.4

8.4

7.8

MIXTURE

PRESSURE  DENSITY

G/CM3

0.000631
0.00047}
0.000435
0.000400
04000339
0.000281
0.000211
0.000168
0.000150
0.000142

QUALTTY
VAP/MIX

04354
0617
0.421
0e624
0.429
0438
0+462
0+483
0496
Ce498

FLOW RATE 2.89 G/8

04000630
0.000469
0+000433
04000398
0.000337
0.000278
04000208
04000168
0.000146
0.000139

0,354
0.818
0e422
04428
0.4231
0s04]
0s468
04492
0506
0+509

FLOW RATE 2,89 G/S

0. 000654
0,000485
0.000446
0.,000608
0.000343
0.000282
04000208
0.000162
04000144
0+000136

0,353
0,417
0.422
0.425
04432
0,444
04675
0,502
04515
04521

FLOW RATE 2,89 G/S

0,000662
0.000887
04000445
0000404
0.000335
0.000273
0.000197
0.00015¢0
0.00013]
0,000123

0,355
0420
04425
0429
0,437
0,451
0.488
0.521
0.536
02542

FLOw RATE 2,89 6/S

0.000681
0.000498
04000454
0,000412
04000339
04000275
0000195
0.000167
0.000128
0,000120

04353
04418
0a426
0.428
0437
0.453
0496
04533
0.550
0.558

FLOW RATE 2,89 G/§

0,000705
0.000513
04000465
0. 000420
0.,000343
(.000275
0.000191
0,000140
0.000121
0.000113

0.352
0.418

0e592

MTXTURE REYNOLDS

ENTHALPY NUMAER

J/6 -

$2.19
66,91
67,48
67.75
68,16
69.62
The42
78451
80,28
81.06

LIQ TEMP 8147

52,17
67.08
6T.71
68,03
68,56
T70.29
78491
B0.75
82.88
83,83

LIQ TEMP 81.8

52,23
67,11
67,82
68,21
68,87
70,95
77.52
a3,19
85,70
86,81

LIQ TEMP 82,1

52.87
£7.86
68,68
£9,18
70003
72.66
A0, 71
B7.45
90,35
91,58

LIQ TEMP 81,8

52444
67,55
68,47
69,08
70.16
73,27
82,68
90,60
94,03
95,50

LIG TEMP 8l.8

52,37
67,58
68,71
69,53
71,02
75417
87,33
97,66
102.13
104,09

C1

65895
66434
66702
67029
67626
68317
69234
69961
70341
70509

K LIn PRESS 3.09 ATM CART

65899
66436
64703
67030
67625
68315
69230
69956
70334
70802

K L1p PRESS 3,09 ATM CART

65747
66310
L6594
66918
67550
6R240
69176
69928
708321
16496

K Ll1a PRESS 3,09 ATM

65673
66265
66572
66919
67600
68306
69290
70116
70520
70699

K LIn PRESS 3,09 ATM

65590
66184
66502
66847
67552
6R254
69254
70098
70511
70694

K {10 PRESS 3,09 ATM

65467
66064
66399
66740
67480
68185
69200
70069
70495
T068%

STERMAN

PARAMETER

0.05413
0.00334
0,00152
0.00145
0.00144
0.00142
0,00133
0.00127
0.00126
0400121

0.,054790
0,00351
0.00172
0.00164
0.,00163
0.001860
04001649
0.00141
0.00138
0.00134

0,05432
0,00377
0.00G19%
0.00187
0.0018%
0.00180
0.,00167
0,00157
0400153
000149

0,05398
0.00416
0,00234
0+00226
0.00223
0.60216
0,00197
0.00184
0,00178
0,00173

0,05439
0.00451
000268
0.00253
¢.00257
0.00244
0.00222
0.0020%
0.00197
0.00192

0.05413
0.00518
0.00339
va00326
0,00328
0.00¢99
0,00869
0,00€43
V.0ue32
0.00230

94194
0.670
0.308
07295
0299
0300
04297
0297
o298
0294

9.29¢0
0.7095
0e249
0¢335
0339
04340
04337
04337
00337
0.333

9,205
0,756
0,395
0,382
0,384
0,386
0.382
0,382
0,382
04377

9,202
¢.p39
0e478
UebbT
04669
0,469
0,465
0,464
0,464
0,456

94709
G.906
0545
04534
04541
U534
Ues32
D529
0.528
0.521

9,132
14040
0,592
o674
U 694
U665
04669
[}
Qek58
Ueh6D

CART

CART

CART

HEAT FLUX £XD H=T
AT wALL
w/CM2

COEF
W/CM2=K

HTR PWR

0.03310
0,7895%
0,63454
0.15841
0,179R9
0,08260
0,00391
v,00292
0.00267
0.00247

HTR PWR

0,0337
U,27140
0,68185
Ue1741R
0,17777
0,08578
0.00379
0.00284
0,00258
0,00241

HTR PwR

0,03302
0,25562
0.,70%908
0,21930
0.16984
0,08709
0.00378
0,00276
0,00253
0.00239

HTR PwR

0,03299
U.2354R
0,55833
0429573
Ve 17249
0,02812
G,00361
0,00265
0,00266
0,00230

HTR PyR

G.03293
0,22367
V50749
0.30062
0, 17775
U.01346
0.00355
0,00255
0.00236
0,90229

HTR PuR

0,03286
0.19439
0,37726
0.152R6
0,06215
0.00519
0.00339
6,00062
0.,00231
0,002446

EXP/ERSO

EXD/G-T

H=T COEF M=T CUEF

0,000 w

L2222 2 2%
LA 22324
HADHHH0
HODgau G
nebpaeo
BRBGOUR
7.1649
4,643
4,083
3,652

0,000 W

wokaten
Frrrey s
Py YT
sodosie
pasoo
woBoneR
6,564
4,217
3,703
3,365

04000 W

wndnane
pRBysos
wonsabs
Bovsan0
sodpany
R
6,210
3,912
3,420
3,183

0,000 w

L2 L2
soopouy
Lot ga
Y2
R gei e
Gadpoad
5,543
3,437
3,025
2,783

0.000 w

L2212
LI Ty )
R AL LR
PR T LA
Robguin
HeLpBRe
5,155
3,079
2,724
2,601

G000 w

DoLabEY
LRz 2 12
EL 2 TR 44
aRdouoy
EL R 2R
CEL2-X-2 44
4,312
2,834
I
2,599

16,670
90,06}
195,623
48,822
55,147
25.1217
1.280
0.949
0,864
0.799

14,731
4,342
209.465
53.572
54,365
75,982
14243
04921
Q.831
0,176

14,444
79,501
218,143
AT, 360
91.864
26,276
1.230
0,894
0,811
0.763

14,351
72.900
170.737
Qyel3s
52.258
8,565
1,182
0.85¢
0.776
0,729

14,391
A9, 49
155.526
91, 54
$3.469
4,252
1,142
0817
0,746
v,71%

14,372
AD, 26K
115,609
an, Tan
1h,994
1.761
1.101
. 761
0.711
-l

71538



STA TURE WALL MIXTURE §TaTlC MIXTURE GUALTITY MIXTURE REYNOLDS STERMAN HEAT FLUX EXP H=T EXP/FPSP  EXP/S-T
NO  TEMP SaT TEMP PRESSURE DENSITY VaP/MIX ENTHALPY NUMBER PARAMETER AT wALL COEF H-T COEF H~T COEF
- X [ MM HG G/LM3 - J/6 - - - W/Cme W/CM2-K - -

RUN NO 141 ORIF DIA P.0567 CM FLOW RATE 2.89 G/S LIG TEMP 81,8 K LIO PRESS 3.09 ATM CART HTR PWR 0.000

1 336,3 5843 31.8 0.000697  0.352 52427 65512  0.05387 9,087 0,03269  ¢eosass 14,308
2 62.9 57.6 27.2 0,000508  0.417 67434 66108  0,00498 04997 0,19447  wvtoous 60,653
3 59,1 57.3 25.n 0.000462 0,423 68,41 66637  0,00318 o647 0,36612  eRegass 112,435
4 61,0 5649 22,7 U.000418 0,428 69,16 66780  0.00306 0.630 0,15533  swogans 47.602
5 65,9 5642 1847 04000342 0438 70452 67506  0,00308 04650 0,06668  etrsuse 204402
6 177.86 55.8 18,5 0.000275  0.457 74436 68212  0.00282 0en22 0.00509  ewvancs 1.730
7 236.5 5445 1149 0.000192  .508 85,65 . 69219  0,00255 0en27 0.00344 4,602 1.124
8 308,2 5347 LIS 0.000142 04552 95,25 76078  0.00232 U621 0,00244 2,668 8.772
$  323.3 5343 Ret 0+000123 04572 99,41 70500  D.0022) 04615 0,00228 2,406 0.708
10 307.8 5341 749 0.00011% 04581 101,24 70687 0.00221 0.027 0.00246 2,699 0.753
RUN NO 142 ORIF DIA 00567 CM FLOW RATE 2.89 G/S LIG TEMP Bl,4 K L1I0 PRESS 3.09 ATM CARY HTR PWR 0,000 W
1 162.8 5840 29,3 0.000643 0,353 52414 65803  0,05684 9.582 0,09138  wengaws 36,854
2 b0.b 6740 25,3 0,000476 0,418 67426 66385  0,00271 0,546 0.,16570  wesanse 51.500
3 SH, 4 57,0 23,1 0,000635  g,422 67,83 66675 0.00215 0436 0,31218 avossso 96,176
4 59,1 56.7 21,13 0.000397 0,426 68,27 67026  0,00207 04425 0,17377  wsssane 53,410
5  5H,5% 5649 17.8 04000331 04433 69,00 67668  0,00208 0,427 0,17504  #o#anso 53,406
& 6u,9 5543 14,9 0,000271 0,446 71432 68375 0,00200 0.429 U,07641 shgoda 23,043
T 1708 54,4 11,8 0,000198 0.480 78,56 69338 0,00183 0,425 0,00365 5,873 1,201
8 212,1 5348 9,2 0.,000152 04510 84,62 70138 0.00172 04425 0.00268 3,655 0.86Y
9 228.n 53,3 8,3 0,000134  0,%23 87,22 70527 0.00165 04621 0,00241 3,119 0.77%
10 217.6 5341 7.9 0,000126  p.%29 88,37 706700  0,00168 0e432 0.00263 3,523 0,836
RUN NO 143 ORIF DIA neDS67 CM FLOW RATE 2,89 6/S LIO TEMP 82,0 K LIN PRESS 3,09 ATM CART HTR PWR 0.000 w
1 339,4 57.8 28,1 0,000612  0.357 52,78 65983  0.05379 9.214 0,03271  wscsnse 144238
2 59,2 57.2 26,5 U.000458  0.420 67,43 66500 0,00303 0e612 0,31709  ssvsvos 98,138
3 $8.2 570 22.8 0.000426¢  0.423 67490 66765  0,00115 0233 0,19327  eveancs 59,472
4 88,0 8646 2.0 0,000391 0426 68,06 67086  0,00112 04230 0,17269  #dveoas 53,034
5 57.3 bt 1749 04000334 0,430 6828 67659  0.,00111 04231 0,18393  oesaeseo 56,293
6  5H.6 5543 15.0 0,000278 04437 69423 68349 0400110 0.231 0,07075  wovsens 21.569
7 111.5 5445 11.7 04000213  0.458 72462 69253  0.00104 0.230 0.00402 8,176 1.307
8 130.9 53.8 9.7 04000171 0,471 75,44 69963  .0,00101 0.230 0,00298 5,331 0.968
9 137.3 53.4 8,8 0,00015¢  0.479 76459 76333 0,00U98 0.229 G.,00273 4,707 0.865
10 136,3 53.3 8.4 04000146 D482 77410 70497  0,0010) 0,236 0.,00285 4,945 04918
RUN NO 144 ORIF DIA 0.0867 CM FLOW RATE 2.89 6/S LIQ TEMP B2,3 K LIN PRESS 3.09 ATM CART HTR PwR 0000 W
1 330,6 57.3 24,7 0,000536 0,362 53,29 66472  0,05332 9.269 0,03391  #vvanpe 14,635
2 58,8 56,8 21,7 0.000405 0,424 67,82 66954  0,00268 U547 0,26963  sedavas 83,112
3 57,9 5645 20.2 0.,000377 0,427 68,18 67224  0,00060 0,184 0,13226  eovuecs 40,571
¢ 57,7 5642 18,8 0,000350  0.429 68,23 67495  0.00088 0.18) 0,11785  ategssse 36,116
5 87,2 55.6 1642 04000302 0.432 68,24 68059  0,00087 0.182 0,11639  sasgucs 35,635
6  5B,) 55,0 13.6 0.000254 0,437 68,71 68689  0,00U86 U182 0,05842  wesasoe 17,869
T 19,0 5442 10.8 0.,000198  0.450 70486 69566  0,00083 0.182 0,00730 17,816 2,287
8 11,3 53,9 9.0 0,000163 0,462 72.52 70255  0,0008] 0,181 0,00312 5,068 1,013
9 113,86 53,2 8,2 Ue00014E 0,667 73,10 70581  0,00079 0.180 0,00298 5,522 0,964
10 107.2 . 8341 7.8 0.,000141 0,469 73,34 70725  0,00082 0.187 0.00346 6,727 1.108

o
RUN NO 243 0RIF DIA 0.0831 €M FLOW RATE 4.58 G/S LIQ TEMP 86.3 K LIN PRESS 1.71 ATM CART HTR PuR 0.000 W

1 326,8 59,5 42.9 0.,000991 04327 47.91 102008 0.04951 12.251 0,04584 soogobo 14,519
2 63.8 89.2 39,3 0+000787 04379 60.28 102526 0.00295 0850 0.18532 pubgats 42,602
3 89,2 89, 37,6 0.000748 0,383 60,84 102785  0,00178 0.518 2,70546  owogson 613,392
4 89,9 68,8 5.8 0,000710 04385 61,22 103102 U.00171 0,499 0,45529 bbb tddd 102,952
L] 59,8 128 32.6 0.000642 0439) 61,96 103674 Y.00172 Ues11 0,35507 setont 79,685
6 110,2 57.9 29,0 04000559 04402 63,96 104368 0,00163 0,499 0,00954 L 2.287
T 189,5 5742 - 24,6 0.,000649  0.43) 70614 105362 0400152 04499 0.,00377 4,203 0,921
8 205.7 5648 219 04000379  0.468 76421 106042  0.00143 04499 0,00335 3,516 0.791
9 215,0 5646 2049 06000351 04472 79441 106353  0.00139 0+501 0.00316 3,208 0,733
10 228.8 56,5 2044 0000339  0.479 80.95 106485 0.00130 0e673 0.00276¢ 2,660 0,634
RUN NO 246 ORIF DIA*0,0R31 CM FLOwW RATE 4,58 G/5 LI10Q TEMP 80,8 K LIQ PRESS 1,71 ATM CART HTR PWR 0.000 ¥
1 325.6 59,7 44,7 0,001n31 0,326 48,04 101755 0,04998 12,344 0,04662  ®evaace 14,691
2 66,1 59,3 4.8 . 000813 0,380 60.56 102322 0.00316 0.909 0,18830  asvpuee 43,226
3 59,4 5941 38,8 0,00076% 0,383 61,18 102606  0,00199 0.579 1,34505  #usgeae 304,371
4 6.3 58,9 36.9 0.000727 0,386 61,62 102912 0,00163 0,565 0,40374  w#esgocs 91,103
5 63,8 58,5 33,4 0.000653 0,392 62,47 103537 0,0019¢ 0.578 0,10892  weeacns 26,530
5 1462 58, - 29,4 0.000563 0,405 64,75 104264  0,00181 0.558 0,00633 eesgase 1,562
7 207.5 57,3 24,9 00004866 0,437 71.73 105305  0.00168 04560 0,00373 3,951 0.910
A 231,46 56.8° 22,0 L.000373 nassT 78,57 106019 0.00157 0.560 v.0032) 3,138 0.754
9 23K.5 5646 26.9 Ce000343 0.4R3 R2e17 106343 000153 0562 0400309 2.958 n.712
1+ 256, 6.5 20,0 0.000331 04491 83,99 10s480 Ga00141 UeR26 0,00264 2,390 0,005
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Te-Mp
"

MO 245

322.9
ba,S
59.8
6€0.9
T1.7

NO 2486

320.0
68,7
60.)
617
117.4
193

NO 287

324.8
b6 B
59.8
62,3
106,80
179,7
206,8
233.5

NO 248

328,90
66,4
61.0
59,8
58,2
61.8

114,4

130.4

134,.1

139.8

ND 269

333.3
64,0
9.3
59,1
58,0
59,8

108.6

1188

12¢.9

125,64

NG 25)

33e,0
ba 4
9.4
59,8
95,3
1625
191,46
208,4
21e.%
229,%

SAT TeMp PRESSURE
K MM HG
0QIF DIA NW0R3IL CM
59.8 45,5
59,4 41eh
59,2 39,4
590 37.3
58,5 33,7
Gl 29,4
57.3 25.0
L] 2201
Shab 2049
B6eb 2044
GRIF DIA 0.0831 CH
59.9 4641
9.4 41,9
59.2 39.8
5941 377
58.5 3640
S8 29.8
573 2541
Shet 22414
5640 20.9
565 2h.5
ORIF DIA p.0R3]1 CM
59,7 4441
59.3 4n,3
5941 38.4
58.9 36.5
LA 33,1
%80 29,7
5743 2448
56.8 220
5646 2n.9
56h 2054
ORIF DIA _0,0831 CM
59,3 4n.6
594 37.8
58.8 3IR.9
S8, b 3444
G843 3.6
574 2R.0
5742 2647
56.8 21.8
5646 2n.8
6569 2044
ORIF DIA p.0831 CH
59,¢ 39.R
58,9 3648
88,7 3%,4
58.5 33,9
5842 31.3
57,8 28.2
57.2 24,7
5648 2140
56.h 208
5645 2n.4
ORIF DIA n,0831 C™
59,0 43,5
9,1 38,1
S8.H 35,6
LT98N 330
Q7. 28.6
RT7e1 23.8
f6e2 1R B
555 1546
55.¢2 1642
55, 13.6

MIXTURE
DENSTTY
G/CM3

FLOW RATF

0.001051
0.000R27
0,00078)
0.000738
04000660
0000566
0.0004464
0000368
0.,000228
0.000325

FLOW RATE

0.001062
0.000835
0.000788
0.000743
0000662
0.000565
040006401
04000362
0.000332

0.000319.

FLOW RATE

0,001020
V000806
0.000764
0.000723
0,0006561
0.000562
0.000446
0s0006373
0.000344
0.000331

FLOw RATF

D.000939
0.000752
B.000719
0.000687
0.000630
0000560
0.0004606
0e00U0a08
0.000383

0.000373

FLOW RATE

0.000921
0,000742
V,006710
0.000680
¥ 000626
0.000559
U.000489
0.000413
0.000319
V000379

FLOw RATE

0,001n51
U,0008¢3
0+000706
0000686
Ua0pUSAT
Vs00D4HS
0.000375
ve000292
0.000261
0,000268

QUALTITY
VAP/MIX

4458 G/S

0325
0.378
0.382
04386
0.392
0+406
Deteal
0ed74
0+49]
0.500

4458 G/S

0.32%
04379
0,383
04386
0+393
04408
Debsb
0.+482
0+501
0510

4.58 G/S

0,326
0,378
0,382
04385
0.3%1
Debb
Vebs36
0e467
0+483
04490

4,58 6/S

0,327
04379
0382
0s3683
0387
04393
0409
0a424
0,431
0,438

4,58 6/S

0.328
04379
0,381
0,383
0.386
0,391
0,605
0.418
D.424
04428

4465 G/S

ny312
0,362
0.366
0370
6375
0385
Nebyl
0.433
0e463
0e407

MIXTURE REYNOLDS

ENTHALPY N
J/6 -

LIQ TEMP 80.8

47,89
60435
61,01
61.51
62447
65,00
72.70
80424
A4,20
86,10

UMRER

STERMAN

PARAMETER

AT waALL
wW/Cu2

K LIn PRESS 1.71 ATM CARY

101643
102231
102524
102827
1036477
104221
106279
106009
104338
106478

0,04963
0.00334
0.00219
0,00814
0400213
0.G0198
0.00183
0,00170
0.001664
0.00181

12.715%
04959
0.636
0627
0632
0.610
Genle
Geblé
0616
045877

LIQ TEMP B0.9 K LIN PRESS 1,70 ATM CART

4R.03
60,44
61416
61.73
62.82
65,53
73.97
82,21
ag,52
28,60

101560
102164
102665
102767
103432
104196
105261
104002
106335
106477

0.04923
0,00351
0400240
0.00251
0a00222
9.00215
0.00197
0,00182
0.00U175
0.00162

i2.124
l.006
04696
04734
0.662
0.667
0.670
0,667
0+669
0.429

LT1Q TEMP B0eA K LIN PRESS 1,70 ATM CART

47,82
60419
50.81
Al.28
62,17
b4 ,42
71,48
18,490
A2.03
83,79

LIG TEMP 80,7

47,77
59,97
60,30
60,47
60.78
61,71
66,79
67,84
69,48
70.26

L10 TEMP 80,8

47,75
59,78
60409
60,23
fDo 47
61,23
63,79
66436
67.71
68,38

LIQ TEMP 79,5

45,51
56,01
56450
86481
57,34
SB8.86
63,83
6R.30
70.37
71.30

C9

101840
102391
162664
102976
103584
104299
105325
106027
106347
106483

0,04943
0.00318
0,00804
0.00210
0,00189
0.00183
0400171
0.001589
0,001i53
000144

12,188
091}
0.592
0.613
0.561
0.562
0.566
04565
0563
0.539

K LI PRESS 1,70 ATM CART

102347
102806
103081
103357
103858
104508
105439
106074
106368
106493

0,04966
0.00214
0.00u97
0.00u92
0.00091
0.00089
0.00085%
0.00082
0.00081
0.00078

12,322
0.615
Ve280
0.267
0e267
0267
04265
04266
0.266
0.259

K LIo PRESS 1,70 ATM CART

102461
102916
103177
103639
103914
104850
105461
106081
106371
106694

0404902
0.00205
0.00uB4
0e00078
v.00078
000077
0,00074
0.00071
0400070
G.00u68

12.180
0.588
04242
o227
Ue228
Ge229
0,227
0e227
G.228
0.220

K LIo PRESS 1.65 ATM CARY

103349
104130
104585
105065
165976
107p48
108473
109607
110149
1103%0

0.04824
0,00302
0.00175
y«00181
000164
0.00158
G.001649
0.00142
0.,00139
0.00134

11.870
0.R41
02494
Ge516
0es74
Ges?l
04675
0es7S
0477
0e4b3

HEAT FLUX EXP H-T

COEF
w/LM2~K

MTR PWR

0.04643
0,18813
1,09680
0,32556
0,04806
0.00529
0,00388
0,00313
0.00304
6,00263

HTR PWR

0.04661
0,16061
0,R2007
0,26947
0.01126
0,00493
0,00377
0.00305%
0.00296
6,00264

HTR PWR

0,04587
0.16351
0,R6961
U.17760
0,01185
0,00486
0,0038}
0,00320
0.00289
0.00273

HTR PyR

0,04571
V. 082RA
V.12922
0,21377
Gpooisn
0,06646
0,00433
0,00361
0.00344
0,00311

HTR PwR

0,04643
0.11559
0,42501
0,41187
e T T
0.11126
0,00469
0.00366
0,00355
G.00320

HTR PuR

0,061856
U,15827
Us81254
037033
Ue01267
0.00467
0.00352
G.00310
V,00299
0.00265

EXP/FPSP  EXP/S~T

H=T COEF

04000 ¥

auduens
sabpae
shagson
#RBpuy
padaped
satboann
4,087
2.906
2,766
2,289

04000 W

EEL 2T
sonuans
ey
YTy
LY ee ey
QR nn
3,74}
2,618
2,553
2,207

Ge000 W

LY e
vagpans
22
oEbpaas
P FY T
wnoouse
4,094
3,131
2,677
2,513

0,000 w

GaBas U
pUOsaRG
oetyons
shGnaae
HoeDpDEy
ohdouue
6,626
4,967
4,633
4,045

04000

dBOGaeR
oedaob e
E2 42T 2 24
tREGHOG
HEOREGD
HEdgove
7,278
5,201
4,973
4,355

0.000 w

satpaen
#BBEBOG
autaaan
L2 T
sadenen
witleoda
4,3¢h
3,586
3.389
2,450

H=T COEF

16.707
43,30)
248,673
73,626
10,9786
1330
T 04945
0.735
0.697
0.600

14,734
37,019
185,825
£0.930
2.750
1.252
0.918
g.712
0.674
0,595

14,571
37,700
197,460
40,336
2,869
1.229
0,931
0.75¢
0,670
0,627

© 16,495
19,189
29,512
48,617

auooRBe
14,984

1.060
1.857
0.809
0,730

16,106
26,640
96,969
53,713
sunoovae
25,088
117
0,869
0,834
0.752

13,622
37,398
189,123
RS.925
3.1190
14161
0.892
0.769
0,733
Ga.b49




STA TURE wail MIXTURE sTATIC MIXTURE QUALTTY MIXTURE REYNOLDS STERMan HEAT FLUX EXP H=T EXP/FPSP  EXP/S-T

NO  TEMP SAT 1EMP  PRFSSURF DENSITY VAP/MIX ENTHALPY NUMRER PARAMETER AT wALL COEF H=T COEF H=T COEF

- X K MM HG G/CM3 - 476 - - w/em2 W/CM2wK - -

RUN NO 282 ORIF DIA 0,0831 CM FLOW RATE 465 G/S LTQ TEMP 79.6 K LI0 PRESS 1465 ATM' CART HTR PWR 0,000 W
1 343,7 597 44,8 0.001072 0314 45407 103179 0.050U16 12.09 0.04257 bl S g 13,813
2 65,7 59.2 39,2 0,000811 04367 57.13 103997 0.00326 0.919 0,14033 aRtgace 32,910
3 59,4 58.9 3644 0.000750 0371 57469 104444 0.00198 0+566 0,97135 weBpacs 223,810
4 60,2 58.5 33,6 04000690 02374 58,08 104948 0400209 04604 0,35262 @ e#vupun 80,996
5 113,6 57+9 28,8 0.000587 4381 5A,73 105881 0,00181 0.531 0,00954 sRtgnts 2.370
6 178,] 57.2 24,1 0,000483 0,392 60,52 106973 0,00178 0.538 0,00445 A 1,182
T 214,48 56.2 19,4 0.0007360 D.421 66,32 108420 0.00166 04541 0,00362 3,918 0.863
8 235,84 5.5 1547 v.ouo28és 0.046 71.51 109581 0.00156 0,540 0,00300 3,210 0,736
9 238,1 5.2 14.2 0000253 0,457 73.92 110138 0.00153 Ge643 0.00297 3,150 0.717
10 2%2,9 550 13.6 0,000240 0.462 75,01 110384 0400147 04527 0.00266 2,698 0,642

RUN NO 2%3 ORIF DIA 0.0831 CM FLOW RATE 4.65 G/S5 LIQ TEMP 79,6 K LIQ PRESS 1.65 ATM CARY HTR PWR 0,000 ¥

1 347,7 59.8 45,2 0,001077  0.31%5 45,37 103123  0.05085 12,295 0,04269  wadaasa 13,827
2 68,2 59,2 39,5 0.000812 0,369 87,71 103953 0,00355 14006 0,14399  sesasue 33,627
3 59,8 5849 36,7 04000750 04373 58,34 106398  0,00225 0646 073533 svvpuus 148,588
& 60.6 5845 33.9 0.000689 0,377 88,80 104909  0.00837 04689 0.33112  sovosse 75,642
5 118,8 57.9 2849 04000584  0.384 59459 105850  0.00206 Ueh10 0,01002  #uvpsas 2,486
6 191.6 57.2 26,2 04000679  0.397 61,73 106948  0.00201 Us617 0,00459  ##desun 1.187
7 233,9 56.2 19.0 0,00035¢  0.430 68,51 108403 0.00186 04620 0.00349 3,80 0,874
8 263.7 5845 15,7 0+000277  0s458 74460 109573 0400174 0+618 0,00297 2.954 6e721
9 264,64 5.2 1442 Ue000246 047} 774k 110134 £.0017¢ 04621 0.00297 2,950 0.707
10 277,6 5540 13+6 04000233  0.477 78,73 110383  0.00163 04603 0,00271 2,600 0,664

RUN NO 256 ORIF DIA 040831 CM FLOW RATE 4465 G/S LIQ TEMP 79.6 ¥ L10 PRESS 1.65 ATM CART HTR PWR (.000 W

1 367.5 59,9 46,3 0,001106 0.314 45,31 102954 0,05074 12,230 0,04252 “avpava 13,785
2 65,9 $9.3 4044 0.00083] 0.368 57.65 103820 0.00375 1.081 0,15976 adtpus 97.321
3 60,2 59470 37.4 0.,000765  0.372 58,34 104258  0.00244 04599 0,57276  e#nsspus 131,480
4 61,3 5846 34.5 0.000702 04377 58,85 104792 0.00262 0.759 0,28320 wabpane 64,767
S 132,R 58,0 29,13 000059) 0,384 89,75 105754  0.00222 04657 0,00878  sodaese 2.208
6 205.% 57.2 24.5 0.,000483. 0,398 62,13 106873 0.00218 04671 0,00453  sessnwe 1.476
T 2%53,4 5643 19.2 04000353 0434 6960 108349 - 0.00200 0e673 0,00341 © 3,541 0.855
4 283,2 55,5 15.7 0.00027¢ 0,465 76430 109546  0.00186 0671 0,00295 2,817 0.712
9 283,9 8542 1443 04000242 04479 7941 110122 0.0018} 04673 0,00294 2.811 0,697
10 294.4 5Sets 1346 G.000229 0486 80,83 110378 0.00174 0.656 0,00274 2,546 0.645
RUN NO 255 ORIF DIA r.0A31 CM FLOW RATE 4.65 G/S LIQ TEMP 79.5 K L1n PRESS 1,65 ATM CART HTR PWR 0.000 w
1 345,9 59,7 6443 0.001062 0,314 44,91 103254  0,04989  12.n15 0,04198  wseaase 13,646
2 64,6 59,1 3R.4 0.000802 0.366 56,83 104082  0.00302 0.850 0,15903  sesasus 37.304
3 89,9 58.8 35.8 0000740 04370 57.32 104555  0.,00171 0e487 0,63679  ssvasus 101.035
4 61,9 8.4 33.n 0.000681 0,373 57,61 105065  0.00170 G487 0,14062 suwdunns 32,526
5 84,3 57.8 2841 0.000577  0.379 58,07 106038  0,00162 0,472 0,01779  swnsanns 4,259
& 159,3 57.1 23,5 04000476  0.388 59,54 107114 0,0015¢4 Geabl 0,00450  sedasos 1.159
7 o182,) 5641 18,4 0,000357 0,413 64,26 1085683  0,00146 0,465 0,00369 4,704 0,928
8 202,6 85,4 1541 0.000283  0.434 68,41 109788  0,00138 04465 60,0031 3,715 0,779
9 221,% 551 13.7 0.000253 Deté3 70.26 110340 0.0013% 04463 0.,00278 3,062 0,084
1¢ 223,% 5a.9 13,1 0,000240 0,447 71.08 110631 0.00132 0.459 0,00272 2,978 0,066
RUN NO 256 ORIF DIA 0.0R31 CM FLOW RATE 4465 G/S LIQ TEMP 79,5 K "LIn PRESS 1.65 ATM <CART HYR PWR D.000 W
1 343,7 59.5 4340 0.,001033 0,314 44,78 103438  0,04969  1l.977 0,04215 ewvsses 13,703
2 65,0 59,0 37.8 04000787 0,365 56,63 104202  0.00287 0.R07 0,13409  #etanas 31,540
3 59,8 58.7 38,2 0000730 0.369 57,08 104602 0,00158 04449 0,42666 bbb it 986,850
4 60,8 8844 32.7 G.000675 0,372 57,33 105132 0.00149 0.426 UG, 17477  setgsse 40,436
5 59,8 BT.8 2R 0.000579 0.377 §T.74 106037 0.00153 Ue645 0,22260 eudnany 51.121
6 136,.8 871 236 0000680 04386 59,08 10709% 000142 0et24 U«00532 Ll St 14348
T 169,3 56s2 1847 Qe0U00365 0609 63,062 108507 0600135 (428 0.00378 5,019 G349
8 188.0 55.% 1545 0.000293  0.429 67,32 109629  0,00129 G428 0,00323 3,965 0,796
9 196.1 55.2 14,2 0.00076% 0438 69,11 110162 0,00127 0.429 0,00305 3,625 0.745
10 210.4 550 13.6 0,000251  pa4s2 69,93 110397 0.00122 0e619 0.00270 3.041 0.661
QUN NO 287 ORIF DIA 040831 CM  FLOW RATE 465 G/5 LIQ TEMP 79.5 k L In PRESS 1.65 ATM CART HTR PWR  (0.000 ¥
1 341,2 59.5 42,4 0,001021 0,313 44,62 103525  0.04941 11,898 0,04224  wwsvavus 13,741
2 kA7 5945 37.3 0.0007H0 04366 56435 104284 0.00273 0765 0,16202  vesacus 38,103
3 89,7 587 344k 0.000724  0.368 56,76 10674) 0.00142 04602 0,37698  shdgaes R7,540
& 60,7 G8.3 32.3 0.,000670 0,371 56,96 105202  0.00135 0.386 0,20535  wvdavee 47,598
5 58,8 87.7 2.8 0.000877 0,376 57.30 106102  0,00138 04401 0,36117 nosubue A3,104
6 120.2 5741 23,0 0000479  0.3R4 5R446 107143 0,00130 04385 0,00609 wessves 1.525
7 157.3 5642 18,6 0.,000367 0,405 62429 108542  0.00124 0387 0,003R3 5,249 0.960
R 172,9 55,5 1545 0.000297 0,422 65,72 109654 0,00118 0,387 0,00330 4,222 0,814
Y 1796 5541 1441 0,000768 0,630 67.29 110174  0,00117 v.3B9 0,00313 3,K94 0,766
10 193,2 55, ¢ 13.5 0,000255 0,436 #B, 00 110404 0.,60113 0.380 0,00275 3,236 0,676

c1io ' (B 7]



STA TURF wal L MIXTUWE

~NQ TE MR
- T«

RUN NO 2%R

343,2
b4 6
%9 ,R
®9,9
QR 6
110.9
147,]
160.0
1654
178,1

- ‘
T LB T A WU

I
[=
2

NO 269

343,46
63.6
89,7
59.9
58,6
97,0

146,2

159,4

164,5

77,0

SO T NS WN -

-

RUN NO 2A0

34%,2
63,0
56,6
59,6
58,3
6o R

132.6

164,7

184,9

159,7

S ST NG TP -

X
c
z

NO 241

3546,9
65,6
59,4
59,0
58,0
&6£7.0

118,0

128,8

131,9

16G.2

DECET NN W

X
c
Z

NO 262

346,86
65,6
59,1
&R, 7
57,7
61,5
96, R

19,2

13,0

11R.6

SO NI N W

z
<
z

NO 263

48,2
63,4
BHR,A
an,6
57,4
HH LG
16,9
93,1
Gk, 0

100.0

CELNTIE N

o

R4 1eMP  PRESSURS
®

ORIF nlaA

G945
BH9
A8, 6
f8.3
G7.7
STt
562
55¢%
5541
§5¢n

ORIF 0la

5944
%849
5846
SHed
57,17
57,15
5641
55.4
5541
55,0

ariF nla

59,4
58,8
58,5
58,2

ORIF Dla

59,3
8848
G850
S8.2
57.¢6
LY
5641
55.4
55,1
594}

ORIF DlA

59,3
58.8
58,5
8842
ST
Qe
Sba 1
LY P
861
55

ORIF pla

89.¢
RR, !
BLPY
B8, 2
&5T.6
Qb
S6.1
554
5541
5540

sTaTiIC

“M HG

N40R31 CM

42,2
37.2
34,7
32.2
27,7
2343
18,5
15.5
1441
13,5

00831 CMm

4146
36,5
3441
3.7
27.4
23,0
1844
18,4
16,1
13.5

0s0831 CM

61,2
36,4
34,0
31.5
27.3
23.0
18,3
154
1441
1345

ns0RI1 CM

4046
35,9
33.8
31,7
2740
2248
1R.7
16,3
14,0
13.5

A,0831 CM

LY
35,9
33.5
31.2
270
22.8
18,2
1521
1649
13.%

0.083]1 Cw™

40,1
3%.4
33401

3048
26a?
2244
1841

16,2
16an
13.%

MIXTURE
DENSITY
GreMY

QuUALTTY
Vapsmix

FLOW RATE 4.0% G/S

0.001015
0,000775
04000720
U. 000667
0.000574
04000479
0.000368
0.000299
04000271
0.000258

0314
0.365
04369
0371
0376
04383
PenQ2
.08
02425
0.428

FLOW RATE 4465 6/S

0,00099¢4
0,000759
0.000706
0s000655
0. 000569
0,000472
0.000364
04000297
0,000269
04000257

0.315
0.367
04370
0373
04377
0385
Debné
04419
0426

“0.429

FLOW RATE 4465 6/S

V4000989
0.,000755
v, 000702
0000652
0,000563
0,000472
0.,000367
0+000301
04000273
0.000262

04315
0,368
0,371
04373
0,377
0,384
0+400
Dvé13
0419
0.422

FLOW RATE 4465 G6/5

0.,000976
0.000747
0.000696
0.000607
6+00056)
0000472
0,000370
0,000306
0.000279
0.000268

0.315
04367
0,370
0.372
04375
04383
0,395
0,405
0.4180
.412

FLOw RATE 4,65 G/S

0,000077
0.000748
04000698
04000669
4000563
0.000475
0.000375
0.000312
04000286
04000275

0,315
0366
04369
04371
0374
06379
0+3R9
04397
Be400
0e002

FLOW RATE 4,65 G/S

0,000965
0.00074])
0000692
000064
0000550
0e0u0aTa
0.000378
0.000318
02000293
0.0002H2

0.314
04365
0.368
00369
0372
0s376
0+3A3
0389
0391
0.391

MIXTURF

REYNOLDS

ENTHALPY NUMRER

J/6

LIQ TEMP

46,77
56.54
56,91
57.09
57436
SR, 30
61,68
64,66
664,02
66463

LIG TEMP

44,87
56,85
57,22
57.39
57,65
58,62
61,96
64,94
66430
66,93

LIQ TEMP

46,96
86,97
57,30
57,43
87,60
58,35
61412
63456
64,64
65,16

LI1Q TEMP

44,79
56,63
56,92
57.00
57.07
57.59
59,69
61,51
627,31
62.67

L1G TEMP

4,76
56,53
56,76
56479
86,75
57.01
58,34
59,44
59,87
60406

LIQ TEMP

46,564
56,21
B6,439
56436
56,23
56425
5649]
57.38
57,51
£7.55

-

STERMAN
PARAME TER

HEAT FLUX
AT walLL
w/Cemg

79.8 ¥ LIn PRESS 1,65 ATM CarT

103554
106313
104767
105225
106123
1067159
108554
109661
110178
110406

0.04962
0.00259
0,06129
0.00122
0.0012%
0.00017
0.00112
0.00108
0400107
G.00103

11.979
0.729
0,366
D.349
0361
Ue348
04350
0350
04351
Ge3ds

9.4 K LIN PRESS 1.65 ATM CART

103669
104429
104871
105316
1086209
1p7221
108599
109692
110192
110413

0,05046
0.00259
0.00128
000121
0.00123
0,00117
0.00112
0.00108
0.00106
0,00103

12.216
0.732
04364
(.00349
0.359
00349
0.350
04350
04352
0.344

79+4 K LI10 PRESS 1.65 ATM CaART

103697
104458
104897
105339
106230
107238
108610
109700
110196
110415

0,05073
0,00243
0,00111
0.0010%
0.00105
0,00103
0.00098
0400095
0.00094
0.00092

12.301
0,689
04316
04303
0.306
0,306
¢4303
04304
04306
04300

79.6 K LIN PRESS 1.65 ATM CART

103783
104545
104975
105407
106294
107296
10R644
109722
110207

l1p64z2

0.05028
0.00223
0,00095
0.00088
0.00u88
0.00UR6
0.00082
0,00080
0,00079
0,00078

12.180
0.630
0.271
0.252
0e254
0.253
0.251
0,752
0,253
00249

79,6 X LIn PRESS 1,65 ATM CART

103783
104545
104975
105407
106294
107296
108644
109722
110207
‘110622

0,05026
0.00202
0.00uUT4
0.00067
0.00u67
0400066
0,00063
0.000862
0400062
V.0006)

12.169
¢.568
0¢211
04191
04193
0.192
0191
05191
0e192
Ue]190

7%.3 K LIQ PRESS 1.65 ATM CART

103870
1064633
105053
1056476
106359
107356
108678
1097486
110218
1310429

Cl1

0.05010
0.00185
0.0005¢
0.00068
0e00U48
Ge0OU4LA
000047
U.00046
Ge00u4S
0.,00045

12110
0.520
Ve152
0e137
0139

EXP HeT
CrgF
W/CMR=R

HIR PupR

0.04222
0.12R09
0.30464
0.21701
0,40480
U,00645
V.00385
0,00335
0.00319
0,00279

HTR PWR

0.,04302
0,1546)
0,32414
0.21834
0,46800
0,00873
0,00388
0,00337
0,00322
0,00282

HTR PWR

0.04318
U,166458
0,30877
0.22648
0,45812
0,03923

- .0,00397

0.00361
0,00326
0.002R6

HTR PWR

0,06264
0.09315
0.31132
0,32013
0.,67137
0.02510
0,60406
0,00343
0,00329
0,00292

HTR PyR

0.04266
0,08285
0,33710
0,36175
2.06662
0,06197
0,00470
0.00349
0.00332
0.00299

HYR PwR

0.04250
0,11136
0.,62730
G.32861
SGuooven
0.089a7
0.00605
0,00366
0.0033%
v,00304

EXP/FPSP  EXP/S=T

06000 W

Hedonon
st oitd
tesH 00
G o0
HRdpoUH
bRt pLUH
5,433
4,460
4,167
3,437

0000 W

aRtpued
abbpbio
BEHoHOL
abbpodo
#httgohs
Hobygnoh
5,447
4,616
4,183
3,468

04000 W

L2 XY 3 14
s DoHBs
LR 2 2 g
shbH N
aadbapva
LR AT 1 404
5.926
4,756
4e0b]
3.724

0.000 W

vaRaBEe
sHBGab
andooen
whBpaw
PrTYe Yy
LT YR

04000

22X
Ty ]
shvgate
wosaRny
#oBpabe
oftgaie

8,298

0.000 w

vavoaon
suopRas
e
wtBnaRS
woBapeY
apvputn
11.768
6,323
5, b4
4,996

H-T COEF H=T COEF

13.719
30.121
70.672
50.217
93,056
1.601
0,961
0.826
0,781
0.688

13,959
16,176
74,949
50.371
107,261
2,126
0.968
0.829
6. 786
0.692

14,002
38,425
71.324
52,202
105,021
9,037
0.983
0.837
097
0.T04

13,850
21,909
72,115
73,969
154,494
5,842
1,002
0,844
0,808
0,721

13,859
19,508
78,160
R3,698
476,154
9.719
1.143
0.856
Q.016
0.736

13,834
26,183
99,317
T76.289
LY AL
20,777
1ebGh
0.892
0.819
0.749



STA TURE wALL MIXTURE  sTaTIC MIXTURE  GUALITY  MIXTURE REYNOLDS STERMAN  HEAT FLUK EXP HeT  EXP/FPSP EXp/S=T
NO  TEMP SAT TEMP PRESSURF OENSITY VAP/MIX ENTHALPY NUMBER PARAMETER AT wALL COEF H=T COEF H=T COEF
- X K MM KG G/CM3 - J/6 - - W/7Cme W/CM2=K - -

RUN NO 264 ORIF DIA 0.0831 CM FLOW RATE 4.65 G/ LI14Q TEM# T9+4 K L1Q PRESS 1.65 ATM CART HTR PWR 0.000 W

1 345,2 5942 39,9 0000960 04315 46,64 103899 0.04996 12.096 0.04230 Havaaes 13,758
2 63,8 58,7 35,2 0,000737 D266 56426 104662 0.,00173 Dea8B8 0,09599 astuaRy 22.572
3 58,7 58,4 33.0 .0,000689 0368 564,40 105079 0,00043 0121 0,4T6R3 eoRpuow 116,778
4 58,4 5841 3047 0.000641 0369 56435 105459 0.00037 0.105 0.40708 astanuy 94,467
5 57.1 57,6 2646 0+000559 04372 5641& 106380 0.00037 0106 Boudo o nhdonne depavon
6 58,2 56,9 22,5 0.,000474 04375 56,03 107374 0.,00036 0.106 0,08330 oRBpRRY 19,325
7 71,0 56,1 18.1 0.00038¢0 04381 56.27 108689 0.,00036 04105 0,00707 14,301 1.673
8 83,0 55, & 18.2 0.000321 0384 56,35 109753 0,00035 04105 0.00381 6,924 0.921
9 86,3 5%.1 14,0 0.000296 04386 86428 119222 0400035 0,105 0.00339 $.992 0.823
10 88,5 550 13,5 0.000285% 0,386 56,23 110631  0.,00035 04105 ¢,00313 5,432 0,763
AUN NO 26% ORIF OIA 0,0831 CM FLOW RATE 4.40 G/S LIQ TEMP 79.5 K L1lg PRESS 1,53 ATM CART HYR PWwR 0,000 W
1 346,86 59,4 41.4 0,000982  0.319 45,75 98278 (,05276 12,246 0404264  eovasus 14,324
2 82,1 5847 35,5 04000724 6+375 58448 99170 0,00296 0.R08 0,24251 La L2t 58,184
3 58,6 5849 32.6 0.000662 0.379 58,92 99674  0.00157 0,435 2,33305  etvaess 553,162
4 60,2 58,0 29.7 0.000602 0.382 59,12 100183 0.00148 a4l 0,19372 shdbupoo 45,938
5 58,6 57+2 2646 04000499 Gl.387 59,37 101292 0.G0148 04420 0.,30114 bbbl St 70,964
6 63,2 56,5 20,4 0.000410 0.396 60,57 192362 0400145 0.42) 0,06300 aRoukbe 14,807
7 161,86 55,5 15.8 0.,000304 04617 64,51 103880 0.,00136 04617 0,00393 5,501 1.014
8 185,6 54,7 1245 04000236 04433 67,44 108170 0400131 0a417 0.00319 4,030 0,818
9 193,1 54,3 1141 0.000209 0,440 68,49 105804 0,00130 0419 0,00302 3,709 0,774
10 209,2 54,1t 10.% 0.000198 Deb42 68,85 106085 0.00125 0.407 0,00262 3,026 0,676
RUN NG 2686 ORIF DIA 09,0831 CM FLOW RATE 4,40 G/S LIQ TEMP 79,5 K LIN PRESS 1,53 ATM CART HTR PWR 0,000 W
1 3e3,.8 59.4 41,7 0,000991 0.3)8 45,71 98226 0,05299 12,285 0,04351 Ganyod s 14,60