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FOREWORD

The Spray and Absorption Technology Program is coordinated by Oak Ridge National Laboratory for
the AEC. The program involves research on all aspects of containment spray systems proposed for use as an
engineered safety feature in pressurized water reactor containment buildings and investigations of certain
aspects of the pool-pressure-suppression containment concept as applied to boiling water reactors. A
document (ORNL-4360, Spray and Pool Absorption Technology Program) has recently been issued.

This present document describes a numerical procedure which has been developed to calculate the time
for a cold water drop to approach the temperature of the air-steam atmosphere which will exist in the
containment building when the sprays are turned on.

This is the sixth report in a series designed to present program information pertinent to actual plant
design considerations. Additional reports in this series include:

T. H. Row, L. F. Parsly, and H. E. Zittel, Design Considerations of Reactor Containment Spray Systems
— Part I, USAEC Report ORNL-TM-2412, A pril 1969.

C. Stuart Patterson and William T. Humphries, Design Considerations of Reactor Containment Spray
Systems — Part II. Removal of lodine and Methyl lodide from Air by Liquid Solutions, USAEC Report
ORNL-TM-2412, Part 1, August 1969.

J. C. Griess and A. L. Bacarella, Design Considerations of Reactor Containment Spray Systems — Part
1II. The Corrosion of Materials in Spray Solutions, USAEC Report ORNL-TM-2412, Part III.

L. F. Parsly, Design Considerations of Reactor Containment Spray Systems — Part 1V. Calculation of
Iodine-Water Partition Coefficients, USAEC Report ORNL-TM-2412, Part IV.

J. C. Griess, T. H. Row, and C. D. Watson, Design Considerations of Reactor Containment Spray
Systems — Part V. Protective Coatings Tests, USAEC Report ORNL-TM-2412, Part V.

Thomas H. Row
Technical Coordinator
Spray and Absorption Technology Program
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DESIGN CONSIDERATIONS OF REACTOR CONTAINMENT SPRAY SYSTEMS —
PART VI. THE HEATING OF SPRAY DROPS IN AIR-STEAM ATMOSPHERES

L. F. Parsly

ABSTRACT

In a loss-of-coolant accident, cold water sprays are frequently used to reduce the containment pressure. It
has generally been assumed that the drops would attain thermal equilibrium with the air-steam mixture in the
containment atmosphere, but this has not been verified by calculations. A numerical procedure has been
developed to calculate the time for a cold water drop to approach the temperature of the atmosphere.
Calculations have been made for typical drop sizes (500, 1000, 1500, 2000, 3000, and 4000 u diameter) under
hypothetical accident conditions. The results of the calculations confirm the assumption that the drops will
essentially come to thermal equilibrium with the atmosphere in full-size reactor containment buildings.

INTRODUCTION

Spray systems are being proposed for the containment buildings of many power reactors being built
today. In the unlikely event of a loss-of-coolant accident these are to serve the twofold purpose of removing
heat from the containment atmosphere and knocking down airborne fission products.

From reviewing safety analysis reports on reactors, it became apparent that no one had undertaken to
calculate the rate at which cold water drops sprayed into an air-steam atmosphere approach the
temperature of the atmosphere, It is well known that heat transfer by condensation is sharply reduced in
the presence of noncondensable gases, and we felt that backup calculations should be made which would
either confirm or deny the assumption that thermal equilibrium is attained. It seemed to us that it should
be possible, although difficult, to solve the problem.

The unique feature of the problem is that the major heat input comes from condensation of steam on
the drop surface, although forced convection also plays a role. Since we could not see any way to handle
the condensation problem analytically, we decided to solve the problem numerically.

ASSUMPTIONS

In order to solve the problem fairly readily, we had to make several simplifying assumptions. These are
as follows:

1. The drops are assumed to be falling at their terminal velocity. Actually they start a lot faster and slow
down as they fall.

2. The boundary layer on the drops is assumed to be fully developed. In reality there is no boundary layer
when a drop is born, and therefore momentarily the heat and mass transfer are much higher.

3. The drop is assumed to act as a rigid body, so that the only heat transport mechanism inside the drop is
conduction. Any internal circulation would speed up heat transfer inside the drop.



4. 1t is assumed that average values of the physical properties can be used.

5. The effect of condensation on the drop diameter is ignored. Actually a drop will grow a maximum of
about 6% in diameter. (This is based on approximately 20% increase in mass due to condensation, which

assumes a 100°C temperature rise.)

6. The temperature of the containment building atmosphere is presumed to remain constant during a

drop’s lifetime.

ANALYTICAL MODEL

The physical system with which we are dealing can be idealized to a rigid sphere (the spray drop)
initially at some uniform temperature, exposed to surroundings at a different temperature (the containment
atmosphere) and with surface heat transfer resistance (convective heat transfer through a gas boundary
layer) and a surface heat source (latent heat released by condensation of steam). This is described
mathematically by the classical partial differential equation of heat conduction with appropriate initial and
boundary conditions. The equation, using dimensionless variables, is:

1 0 or\ 07
_2___<pz _>=__ (1
p* op dp/ 06

The dimensionless variables are:

7=(T. — T)/(T= — T, ), dimensionless temperature,
6 = at/r}, dimensionless time,
p =r/re, dimensionless radius.

Because the v;por pressure of water enters into the boundary condition involving steam flux to the
drop (the driving force for mass transfer is the partial pressure of water vapor in the atmosphere less the
pressure in equilibrium with the drop surface), the boundary conditions cannot be made dimensionless.

For conversion to a finite difference problem, the drop was divided into ten regions — a central sphere
and nine annuli. Differencing was carried out as suggested by Crank.' That is, the following finite
difference approximations to the partial derivatives were used:

fori>1,
;12—585 <p2 gg) =(7~_1)151? iy j— 20— Dryp+ (= 21y 4] 2
fori=1,
oo (7 ) = 5o (g @
o g =y “

a0 860

Here i refers to position step number and j to time step number; 1 refers to the center of the sphere.

y Crank, The Mathematics of Diffusion, pp. 186—99, Oxford Univ, Press, 1956.



The boundary condition was dealt with by writing a heat balance over the outermost annulus. The set
of equations used for computation is:

fori =1 (center of drop),
Tyje1 =T > ©)

for2<i< 10,

s/ i i—2
Tij+1 ‘Ti,]'+ —2- i———l (Ti+1,j) — ZT(i,f) + : (Ti+1’j), ; (6)
for i = 11 (surface of drop),
B 966 100 80 rol k (P, — P 100 68 hrg
T1t,j+1 'Tllj'“a—’;(ﬁl,/’_ﬂo,j)_ 9 Ok;; 7 )S) T g @)
o — 40

In this last equation, the second term on the right accounts for conduction of heat into the drop, the third
for condensation on the drop, and the last for forced convection heat transfer to the drop surface.
The terminal velocity was calculated from an equation recommended by Lapple:2

_ 0.1 53g0.7 14D;.142(pp _ pa)0.7 14

, (0286 0T%) , 2<Ng, <1000. , (8)
The mass transfer coefficient kg was calculated by the equation recommended by Ranz and Marshall:3
koPgayM,,RTrq
[l o =1 OIMENGE (9

The problem was programmed in FORTRAN IV and run on the IBM system 360 mode] 91 computer at
ORNL. The time step (66) was taken as %, so that 88/8p* would be Y . Provision was made for 5400
time steps, with each case to be terminated sooner if the mean drop temperature became less than 0.0001
(note that with the conversion to a dimensionless temperature, the drop temperature is 1.0 throughout
initially and eventually becomes 0). The program is fixed to give a printout of the results every 30 time
steps.

RESULTS

The results of the calculation are summarized in Table 1, plotted in Fig. 1, and given in complete form
in Tables 3—16. We have also included in Table 1 the time reported by Brown? for the case of no surface
resistance. The table shows that heatup is appreciably slower with surface resistance and that it takes much
longer to heat up large drops than small ones.

2C.E. Lapple, Fluid and Particle Mechanics, p. 284, University of Delaware, 1951.
3w. E. Ranz and W. R, Marshall, Jr., “Evaporation from Drops,” Chem. Eng. Progr. 48, 14146, 173—-80 (1952).

4G. Brown, “Heat Transmission by Condensation of Steam on a Spray of Water Drops,” ASME, Proc. Gen. Disc. Heat
Transfer, pp. 49-52 (1951).



Table 1. Summary of Results — Atmosphere

4

Temperature 130°C, Initial Drop
Temperature 30°C

Drop Diameter

Time(sec) to Attain 0 for
Dimensionless Temperature of -

) 6 =0.5 6=0.1 6 =0.01
Heat Transfer to Drop by Condensation and
Convection (Present Caiculations)

500 0.055 0.146 0.265
1000 0.155 045 0.86
1500 0.31 0.95 1.83
2000 0.52 1.64 3.3
3000 1.04 3.5 7.0
4000 1.75 6.2 12,2

Drop Surface at T, (Calculations of Brown%)

500 0.013 0.09
1000 0.03 0.3
1500 0.13 0.7
2000 0.20 1.15
3000 0.45 2.5
4000 0.74 4.2

8G. Brown, “Heat Transmission by Condensation of Steam on
a Spray of Water Drops,” ASME, Proc. Gen. Disc. Heat
Transfer, pp. 49-52 (1951).
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Fig. 1. Calculated Time to Heat Falling Drops Including Condensation and Convection,
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Table 2 gives the calculated residence time for drops in the NSPP and in a large containment building
under accident conditions. This shows that drops 1000 u and smaller will closely approach temperature
equilibrium even in the NSPP. Larger drops may not attain equilibrium in the NSPP but should certainly do
so in a large containment building. The results of the calculation appear to be consistent with the
observation in the NSPP that the solution temperature does not quite attain the vessel atmosphere
temperature.

Table 2. Approximate Residence Times for Drops
of Various Sizes in an Air-Steam Atmosphere
at 120°C

Residence Time(sec)

Diameter (u)
NSPP, H = 15 ft Large PWR, H =120 ft

500 3.0 23
1000 1.4 10.5
1500 0.9 8.2
2000 04 7.4
3000 0.3 6.0
4000 0.2 4.19
CONCLUSIONS /

The above calculations justify the conclusion that water introduced into a full-size containment
building as sprays will attain temperature equilibrium with the building atmosphere. On the other hand,
coarse sprays will not come completely to equilibrium in pilot-plant equipment where residence time is
appreciably less. Observations of spray solution temperatures in the Nuclear Safety Pilot Plant confirm this.

NOMENCLATURE
D, Diffusion coefficient for water vapor in air, cm? /sec
D, Drop diameter, cm
g Acceleration of gravity
h Outside film heat transfer coefficient, cal/(sec) (cm?) (°C)
k Thermal conductivity, cal/(sec) (cm?) (°C)
kg Mass transfer coefficient, g-moles/(sec) (cm?) (atm)
l Heat of vaporization, cal/g-mole
M, Mean molecular weight in gas film
P. Partial pressure of water vapor in containment building, atm
P Vapor pressure of water at surface of drop (pressure in equilibrium), atm
Py, Mean partial pressure of inert in film, atm
7o Radius of drop, cm
r Radius, cm
R Gas constant
Tw Temperature of atmosphere, °K
To Initial drop temperature, °K

T Temperature, 'K



NQH

Time, sec

Terminal velocity, cm/sec
Thermal diffusivity, cm? /sec
Difference operator

Viscosity of atmosphere, poises
Dimensionless radius, r/rg

Drop density, g/cm®
Dimensionless temperature, (7. — (T — To)
Dimensionless time, at/r2
Reynolds number,DpUtpa/u
Schmidt number, u/(p,D,)



Table 3,

CALCULATION OF EQUILIBRATION OF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERE

DRUP ODIAMETER =
"ATMOSPHERE TEMPERATURE ="130.0 DEG C INITIAU CROP TEMPERATURE = 30.0 DEG C ~— —  ~

FRACTION OF RADIUS

0.0500 CM

THETA C.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.0500 049958 0.9949 0.9917 0.9848 0.9715 0.9478 0.9084 0.8475 0.7602 0.6442 C.5016
0.1C00 C€C.9071 0.9022 0.8875 0.8619 0.8243 0.773¢ 0.7081 0.6281 0.5340 0.4278 0.3126

TT0.159C C.7396 0.7336 0.7158 0.6862 0.6449 0.5923 0.5290 0.4563 0.3757 0.2894 0.2003
0.2C00 0.5675 0.5621 0.5460 0.5197 0.4835 0.4385 0.3856 0.3264 0.2625 0.1960 0.1291
0.25C0 0.4204 0.416C 0.,4030 0.3817 0.3528 0.3172 0.2760 0.2304 0.1820 0.1326 0.0837
0.3000 0.3042 0.3008 0.2909 0.2746 0.2527 0.2258 0.1949 0.1611 0.1256 0.0897 0.0548
0.3500 0.2166 0.2141 0.2067 01947 0.1786 0.1589 0.1364 0.1119 0.0865 0.0609 0.0363
0.4C00 G.1525 0.1597 0,1453 0.1367 0.1251 0.1109 0.0949 0.0775 0.0595 0.0415 0.0243

T0.45C3 0.1065 0.1052 ©.1014 0.0953 0.0870 0.077T1 0.0657 0.053%5 0.0409 0.0283 0.0164
0.5000 C€.0740 0.0731 0.0704 0.0661 0.0603 0.0533 0.0454 0.0369 0.0281 0.0194 0.011l
0.5500 €.0512 3.0506 G.0487 0.0457 0.0417 0.0368 0.0313 0.0254¢ 0.0193 0.0133 ©€,0076
0.6000 0.0354 0.0349 0.0336 0.0316 0.0288 0.0254 0.0216 0.0175 0.0133 0.0091 0.0052
3.6500 0.0244 0.0241 0.0232 0.0217 0.0198 0.0175 0.0148 0.0120 0.0091 0.0062 C.0035
_0.7000 9.0168 0.0l166 G.0160 0.0150 0.0136 0.0120 0.0102 0,0083 0.0063 0.0043 0.0024
"0.7500 0.0116 0.0114 0.0110 0.0103 0.009¢ 0.0083 0.0070 0.0057 0.0043 0.0029 C.0017
C.8000 0.0079 0.0078 0.0076 0.0071 0.0064 0.0057 0.0048 0.0039 0.0030 0.0020 0.0011
0.8500 0.0055 0.0054¢ 0.0052 0.0049 0.0044 0.0039 0.0033 0.0027 0.0020 0.0014 0.0008
0.9000 0.0038 0.0037 0.0036 0.0033 0.0C30 0,0027 00,0023 0.0018 (0.00l14 0.0010 0.0005
0.95G0 0.0026 0.0025 0.0025 0.0023 0.0021 0.0018 0.0016 0.0013 C.0010 0.0007 0.0004

) 1.nC0C  2.0018 0.0018 0.0017 0.0016 0.0014 0.0013 0.0011 0.0009 0.0007 0.0004 0.0003

" 1.0500 0.0012 0.0012 0.0012 0.0011 0.0010 0.0009 0.00C7 0.C0C6 0.0005 0.0003 0.0002

1.1000 ©.0608 0.0008 0.,0008 0.0007 0.0007 0.0006 0.0005 0.0004 0.0003 0.0002 0.0001
1.1500 0.0006 0.0006 0.0005 0.0005 0.0005 0.0004 0.0003 0.0003 0.0002 0.0001 0.0001
1.2000 C€.0004 0.0004 0.0004 0.0004 0.0003 0.0003 0.0002 0.0002 0.0001 0.0001 0,0001
1.2500 G.0003 0.0003 0.00063 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0000

_1.3G00 €.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001

0.0000 0.0000 0.000099

MEAN

TEMP
0.841121
0.643805
0.477091
04345603
0.246196
0.,173315
0.121030
0.084067
0.058186
0.040174
'0.027694
0.019070
0.013122
0.009025
"0.0C06204
0.004264
0.002930
0.002013
0.601383
0.000950
0.000652
0.0NC448
0.000307
0.000211
0.000144

TiME, SFC
0.019427
0.038854
0.C58281
0.0777(8
C.097135
C.116562
0.135989
0.155416
0.174843
0.19427C
0.213697
0.233125
0.,252552
0.271979
0.291405
0.310833
0.330260
0.346687
0.369114
0.388541
0.407968
0.627395
0.446822
0.466249
0.485676

0.5051C3

~1



Table 4.

CALCULATICGN OF EQUILIBRATION OF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERE

DROP DIAMETER = C.lU0s
ATMOSPHERE TEMPERATURE
THETA ©.2 .l
Uel5IC $o?929 D.9914
Q41200 00,8574 0.8504
0.1500 CL.6343 00,6270
0.2000 ©.4379 2.4323
042500 0.2938 0.2899
C.3C00 C.1867 D.1920
Ge35CC L1283 U.1265
Ge40C0 T.CR42 0,0830
Ca530 00552 (.0544
J.5Cul CT.0362 0.3356
D.55CD (L0237 U.G233
GebLol  TaulB5 71,0153
Qa65C0 (o310l C.O100
LoTICU Le0TA6  D40C65
J.T5CY L0043 3.G043
CeBuu 0.0u28 240028
M.45C0 C.0J1l8 5.0013
0.9C02 C.oul2 2.0012
249500 0.0278  2.0008
1.0C02 0.0705 {.00J5
1.0500 C.0003 02,3003
11200 C.0002 G.00C2
1.153¢ €.30C1 0.09C1

M

= 130,02 DEG C INITIAL DROP TEMPERATURE =

Ce2
0.9861
.8293
N, 6057
f 6155
6.2781
0.1861
2.1212
C.0796
Ca0522
C.0341
C.0223
Je0l46
3.0096
e 62
TC.0T41
5eUC27
C.0017

d.n0lL

JeCOOT

5.07205
T0.0003
C.0032

0.00C1

G.3

0.9748
0.7932
.5695
C«3883
C.2592
0.1713
.1127
CeCT40
U.0485
c.C317
c.0208
c.0136
¢.C089
€.0058

C.0038

0.0325
0.0016
0.C011
€.CI07
£.0505
8.0603
9.0002
0.0C01

FRACTIUN
Cet
0.9533
C.7410
0.5206
0.3518
0.2338
Cel543
U.l014
C.0665
0.0436
0.0285
0.0187
0.0122
0.0080
C.2G52
C.0034
C.0022
C.0015
G.0013
0.0006
0.6004
0.0003
0.0002
0.0001

OF RADIUS

0.5 0.6
0.9156 0.8542
0.6719 C.5860
C.4599 (0.3893°
0.3073 0.2568
0.2033 0.1689
0.1338 C.11C9
3.0878 C€.0727
0.0576 0.0476
0.0377 0G.0311°
0.0247 C€.020¢4
0.0161 C€.0133
C.0106 ©.0C87
0.0069 0,0057
0.0045 C€.0037
J.0029 0.0024
0.0019 0.COl6
0.0013 0.0010
0.0C08 0.0007
0.0005 0.0004
0.0004 0,0003
0.0002 0.0002
0.0001 C.CCOl
0.0001 0.5001

" 30.00EG C
0.7 0.8
0.7618 0.6336
C.4846 C.3707
C.3115 $.2296
0.2025 0.1467
0.1323 C.095C
C.0865% 0.0619
C.0566 C.C404
0.0370 0.0264
C.0242 GC.C172
0.0158 C.0113
0.0103 C.C074
0.0068 G.0048
0.0044 C.CG31
€.0029 0.0021
0.0019 0.0013
0.0012 0.0009
0.0008 0.0006
0.0005 C.00C&
0.0003 C.0002
0.0002 0.00C2
0.0001 0.CO0CL
0.0C01 ¢€.0001
0.0001 0.000C

0.9
0.4704
0.2493
G.1473
0.0920
0.0589
0.0380
0.0247
0.0161
0.C105
0.0068
0.0045
0.0029
0.0019
0.0012
C.0008
0.0005
¢.0003
0.00202
0.0001
0.0001
C.0n01
0.0000
c.0000

1.0
0.2802
0.1269
J.0686
0.0407
V.0253
0.0160
0G.N103
C.0066
C.0043
0.0028
0.0018
C.N012
G.N008
0.0005
ND.0003
0.00C2
C.0001
0.0001
0.0001
0.0000
0.0000
G.N000
0.0CCO

MEAN TEMP
Ne756403
0.510671
C.339010
0e223662
0.147073
C.096509
CeN63241
C.C41404
0.027091
C.017719
0.011586
0.007575
C.004951
0.003236
G.CO2115
C.001382
C.000903
C.000690
N.250385
0.300251
C.0CC164
C.00C107
0.000C69

TIME, SEC
C.077708
C.155416
C.233124
C.31C833
C.388541
0.466249
0543957
Neb621665
C.699373
0. 777081
C.854789
0.932498
1.310205
1.587914
l.165622
1.243330
1.321038
1.398745
1.476454
1.554163
1.631869
1.709578
1. 787286
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Table 5,

WATER DROP WITH AN AIR-STEAM ATMOSPHERE

FRACTIUN
Tad

Ca9421
C.7034
Ca&T759
Te3123
742028
Cel3ll
L0846
0.(545
02351
Cfi22¢
Ge]l 45
C.C094
GeCCHT
D.0039
J.0025
Cali 16
.10
C.0nO7
0.0004
N.0203
CeJ002
Q.C001

INITLAL DROP TEMPERATURE =

UF KADIUS

0.5 Ceb
V4RI T5 C.R?248
(eh284 (5367
elo9 (43451
062770 0a.2224
TJl747 D2.1434
Cell2y N,0924
Ue0T727 (.0596
N.0469 00,0384
N 302 CL.N247
C.0194 (C.{159
C.0125 0.(1C2
C.C032 0.0066
0e23G52  CaG42
C.C033 (C.0027
Ce21 0NL,0C1R
C.,CJ14 (C.0011
C.N00Q r,00C07
CeC0I6 0.COCS
Ge0CY4 T 0407203
0.NCJ32 UeCul2
0,002 0,071
J.0C01 C.CCTC1

30.0 DEG

Co7
C.7175
0.4329
J.2694
Ce1718
GollC4
0.0710
Ce04HT
2.0294
C.N189
0.0122
L.0078
0.005¢C
0.0032
G.0021
C.0013
J.0009

L 00006

C.0004
D.CC02
0.0NC1
0.C0C1
C.,00ul

C

Ce8
C.5718
GCe3150
Cel1912
C.1206
D.C771
C.C495
C.C318
(.C204
CT.C131
0.C085
Ce3G54
J.C035
C.0C23
T.COl4%
C.C0C9
T.C006
Qe Q04
C.N0GC2
CeC0OV2
CeGCC1
C.0CC1
C.0C0OC

n.9
ta3916
0.,1953
Cellad
C.0T12
C.0452
C.0289
C.0185
2.0119
C.C076
0.0049
C."032
0.C02C
0.C013
C.O0C0R
Q0.COUD5
0,0003
0 L,0002
N.00C1
C.C20l
0.0001
J2.3700
0.00CC

1.0
Ca1837
Ce 0791
T el43]
0258
« 160
«21701
OChG
WO046 ]
026
D017
«C011
«COCT
JONNG
«o003
+00C2
«0C01
«N0C1
«OCND
0.70038
N.00006
c.0c0¢
0.0000

DO

OCHIDIDAOD DD

MEAN TEMp
SaTl45%13
Teab167R

298114

‘e 102468

1241651

o8N 3]

«NS1554

e 233196

G.021377

Cel13754

" L,0284K1

C . 0N5495

C T 2h64

C.Cr2357

Ce"C1516

[GPRA TR I Ao

N,CN(627

CaC2G4CH

N300 259

VA0 1466

J5.207107

Ca"CCC6Y

)

T DD

e

TIME, SEC
Je1748472
Te369AHT
T.524513
T ehH93373
DeRTG217
1.,2697°A/7
1e22%904
1.398744
1.573%5°
l.7484133
1.923277
2.M98120
26272%64
2.64TROT
2.622651
2e 797494
2.972338
3.147131
3,322C2¢4
3.49686N
3.6717C9
3.846553



Table 6.

CALCULATTUN OF EQUILTSRATION (F 4 CGLO WATER DROP WITH AN AIR-STFAM ATMGSPHERE

DRQOP CclTAMETER =

ATMUS PHE RE

THETA
Je 503
CelC
CelbH(
el Lu
el 5D
(SR YR
Ce352
Ceb G
CewDlC
LoDl
{a9507
TebG Y2
ErE-L-TO
Ge 17 0L
Ve D00
Letult7T0
CeNbH(2
LeG70C
(oo
Lo 2

[V

L e9896
CertlSs
Ced665
Le3T1ln
62395
GelHla
TedI31
CeUEZE
Colia ™
Ce" 255
IR o
Ca0l24
« Y64

Ne?27

TEMPERATURE

M
= 1377

Jel

L el
T.TR18
0.5364
63505
Cel2256
Jelass
Tew9323
LeThH BTG

TeulhD
Ledl 53
27,0063
Coniea2

I

)

PN
e 225
Teuile
ARSI
N J0CT
TLCi LG
"7 C3

feil02

OEG € INITIAL

re3

Ce04]
Ca7392
C.4997
Te3250
Le20HY
Ce1337
e85 4
Lel BG5S
CeN34Y
Le222
Letla2
"L Lli9r
G.""58
eCN37
CaNT273
Dervld
(L0210
Cel 00
ey
Ca0a02

Ted02

FRACTIUN
0.4
Ze9345
0. 6179C
Je4502
£,2910
0. 1867
C.1194
0.0762
C.CadT
043312
0.01938
C.Cl26
C.2081
C.ul51
C.0033
C.C021
(5013
TL.LCNE
C.2C05
C.CCN3
CeNCT2

G.n01

DROP TEMPERATURE =

OF RADIUS

Te5 Qeb
Ce8837 (L8132
Te 60l D.50T72
Ce389% 0.3211
Ce25%3 (0,2046
Cel671 (L1306
Cel1023 ($a0833
CeN653 (L0532
Dal&4l7 N.0339
Cel266 0L.0216
DeUl72 C.7138
T.00108  CL0u84
CeJ69 (0B
240044 0L.CC36
CeNU28 £.0023
C.00C18 0.,7715
o0l 0.0009
N.00UT  C.0076
360005 0 00M4
Ce23  Connil2
J.00C02 NWGCC2
NGO

36,0 DEG C
Ce7 Ce8

C.6860 (.530})
0.40C02 0.2851
NJ2474 C.1721
CelS64 (.10 79
NaC99% (.C6MH4
Caf2634 (G.C435
GeC4n4  (,0277
C.0258 (.CL77
Cedlba L.C113
U.01C5 w0072
C.CO0AT CoCCub
C.0C43 .0029
C.0027 (LC319
0.0017 (C.CC12
C.CCll Cl.C003
00C0T7T L0015
UeC0004 C.(CC3
€C.0NC3 C,.,0u02
CeGON2  Ca27201L
G000l C.C00L

C.001 ~ Ga0CN]

CecnC0

Ce9
Ce3420
Ne 1684
37980
CeChla
N.23387
T3 245
GaD156
[APRVE RaY ¢}
CL.OCH3
GelC 4aC
ND.00 26
S.0716
0.0%1¢
2.0307
CeO204
D.0NC3
0.0032
Q.0001
N.0001
L.CICC
C.230C

1.0
Cel38C
G.0575
0.7318
C.0191
t.N119
C.C0T74
D.0C47
J.2030
‘f\.f)l"lq
Gl.00C1 2
AR AL
Ce.0705
Ce0CD3
NL.00C2

L0001
C.0CCH
0.0001
G 0050
1.50C0
C.0070
CL.ronn

MEAN TEMe
C.685867
N.4337C6
Ne2764256
T lTASCT
Call2702
0. 71934
NeN45838
Te(23278
018673
011908
CalTH932
T «" 04841
Nl 50837
Da00196%
NeN01254
0.CNG799
CeCCOHC9
C.0C0326
D.CC02CT7
Q.0C71 31
n.CrnRg

TIME, SFC
C.210833
Je 6521665
932493
1.264332]
1.5541%44
1.864996
2.175R29
2486662
2.797435
3,178328
2,41916"7
3,72994913
4,047825
4.351659
4o 662692
4,973325
5.2834168%
5.5940991
5.9C5R74
6.216657
6,52T684

01



CALCULATIUN Uf

DRCP DIAMFTER =
ATMUSPAE < TEMPERATURE

THLTA
2.09C08
Do 10
Cel520
Ge2C Ly
we25CQ
Je 3000
Te3500
Vel GL
[ A
CeHCCuU
[ YR
Uebu UL
QeASCC
T.TCCA
Ce (508
JeRTCU
veH5C0
Ce9uln
Qe9n(C
1.CCUD
leCH0u

FQUILTHBRATION OF A COLD wATER

T e300
Gel Tel
N,YBT2  T.9846
S.aT9I25  T.TR36
C.5368 2.5292
Te3458 2.3406
2197 Tel1064
161390 -N,1369
(,2878 e NBES
Te289%4  JeT545
Ceu3bl y
Tes271
Ced139
N2 dn JedunT
CesUB5 0 3.0065
Ce?C395 D430 34
Ce2022 G022
cet Dla D4
N7 09
Ce336 D
veDICL3 3
Tel 12 v

e 201

M
= 130.0

Cal

Te 3756
Na7569
Ce5068

T e3254

Ce2366
Te1307
Cen825
Y521
167329
el 208
el 31
DeCUAR3
FL.CL5h2
tel 233
ce0321
T eilN13
G108
(63205
e Q003
ved0C2

el

Table 7.

DEG C INITIAL DROP TEMPERATURE =

Ce3

Ced568
useTl21
Te4TC4
Le3Cra
Cel9i8
21206
2.0762
o431
C.C304
CeUl 92
Co2l21
040076
(0048
C.003¢C
{0019
Ce0212
N, (2038
. o005
CaOC3
CaNN22
Lef0ON1

FRACTLON
Coé
09222
Ce6492
C.4215
0.2684
"a1699
CelD74
2.0678
C.0428
C.0G27C
{0171
~.C1C8
Ceul68
C.0043
G.0C27
D.C017
C.CC11
0.CC07
020G
C.CCC3
G.0C02
CoO\)OI

QF RAD
a5

. B63R
365690
Ce3623
Ce2294
Ce.1450
20,0916
J.0578
VeC 365
C.023C
Cell45
C.CC92
v.C058
L.C037
0.0023
NeCDL5
G 0009
Ce2TN6
N, JC04
Ce02C2
0.0001
0.00C1

[us

Cu.h

C.T7732
Cet137
(e2956
G.1861
0.1174
QeN741
OeCub8
GaC295
C.Cl86
0.,C118
0.0074
C.CCa7
C.C03C
C.CM19
0.0012
C.00C7
C.0NCH
C.00C3
C.0G02
C.0CC1
C.0001

DRUP WITH AN A[R-STEAM ATMOSPHERE

30.C DEG C

C.7
Ca6446
Ce3669
De2245
Ce.laCéh
C.0835%
C.05%8
C.0352
C.0222
0e.014C

C.CC88

C.0056
€.0035
NeGC22
C.001¢
C.00C9
~0.00C6
C.0CC4
G.CON2
d.00C1
0.CC01
0.0001

C.8
Cos781
02541
Cel1527
T.C951
Ce0597
CaC376
CeG237
C.C15C
Ce (DG
1.0060C
(.CC38
CeCO24
C.0Cl15
C.0CC9
C.C006
(.CCCa
C.CCN2
t.0001
Ca.:301
C.0CC1
c.on00

t.9

N 2860
Ce.l420
G.0N839
Z.0518
2.0325
C.02%4
0.0129
t.0081
C.CI51
C.0032
0.6C20
C.0C13
G.CI08
V0005
J.0023
0.0002
0.CNT1
0.03C1
0.0001
C.C0N0
T.0000

1.¢
Cai865
J.N378
C.C214
fa0129
J.0GR0
D aGCHO
240231
s eNO2C
CanCl2
N.0008
C.00rs5
043003
CN022
0,7001
0.30C1
C0GC0
CaO0n00
040020
s.acee
CeNNI0
3.0303¢0

MFAN TEMP
De€496213
".602917C
£ 42535106
J.159973
0.17(993
Telh3TH3
CaCa0233
T.C25395
34016025
CdUlT112
G«NCAR3RD
CaNo4N2H
C.02539
J.0C1672
c.001010
0.07C637
5402
C.030263
GeNT0 169
04007120
G,C000263

TIME, SKC
Ce€99273
1.39874A
2.2981173
24757633
3,496866
4,1942139
44,895612
5.594985
6.2943%3
50393733
T.A93106
3.392479
3.091R513
F3.791222

1C.,6Q06"°1

11.1839970Q
11.389313q

12.5%8718

13,2837 843

13.987467

l4.686%23

It



Table 8,

CALCULATION UF FUILIBRATION GF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERE

DRIP DIAMETER = 2,400" (M
ATMUSPHERE TEMPERATURE = 130.7 DEG C INITIAL OROP TEMPERATURE = 30.0 DEG €

FRACTION OF RADIUS

THETA 1,0 Tl .2 .3 [ 2.5 Cob 0.7 0.8 C.9 1.0 MEAN TEMP TIME, SEC
0L05C0  C,.9854 L.9324 0,.9726 0.9515 0.9135 £.85023 (.7537 0.6193 00,4496 04,2571 0.0631 0,623317 1.263331
Coll0D  C47783 047692 T.7417 .6958 (0.6318 ©.5%08 0.4553 00,3493 €,2383 0.1291 0.02R87 C.386676 2.486661
CelB5C0 £45291  2.5126  G.4903 (L4542 N,4059 (.3476 N.2821 00,2127 0.1429 0.0764 C.0164 N.241499 3,.7299933
002000 243319 043269 0,3120 (42881 0.2564 C(C.2135 C.1765 0.1324 £.0886 0.0471 0.0099 £.1514C07 4.973325
Ce250C G42093 Co2061 71,1966 .18le (L1612 Ce1372 0.11G7 C.0829 £.,0554 0.C294 0.0061 ©.(94984 6.216657
CedC0C NL1315 $,1295 241235 Lo1139 (0.1012 0.0861 £.0694 00520 (40347 0.0184 0.0038 .059589  7,459937
Ge3332 0.,0826 2.0813 1.0775 Cl.C715 £.0635 040540 0.0635 00,0326 0.0217 0.0115 €.0024 0.037381 8.793311
Ceal00  Cal918  LafSIC  Hef486 Cu0449 0,0399 C.0339 0.0273 0.02064 C.Cl36 0.0072 G.CCLS 24023445 9,946665
Ca4500 €.3325 7.2320 7.0375 C.0281 0.0250 0.0213 C.0l7t G.Cl28 85,0686 0.0045 0,009 C.0146707 11.1896390
CeHT00  0.0204  0.0271 (L1991 CL01T77 CL0L157 (L0133 0.01C7 C.0080 0.C054 02,0028 0.0006 (£.7C922% 12.433313
To9500  ULT123  J.0126  3.0120 0 0.0111 C.0098 (.0084 0.0067 02.005C $.0034 0.0018 02.000%4 0.025785 13.676639
Co070) GaZ080 2.0079  7.2075  Q.0069 Ca0C62 040052 0.0042 C.0032 040021 <0011 0.0002 0.003623 14.919972
Co65C0 C0H0  DJ0G80  2,.79047  Ca0044 L.0039 0.06033 0.0027 G.0020 C.0013 G.ON07 C.O00CL 0.0922275 16.163370
OoefUuu  CWo3032 2470031 .03 L0027 C.0024 N.NC21  N.CG17 G.0C12 G.GCOB  3.C004 0.00Gl C(.0%1426 17.406631
CL.7500C Coun2%  L.0019 740019 $u0O1T  CWu8715  0.0C13 (¢l 0010 C.0078 U.CCOS C.C003 CT.0001 2.0C0894 18,£49963
CaBCCS 042012 247012 40312 Q0.0011 $.3010 C.CG0B [ 00CT C.0005 72.00C3 (.0002 0.0°7°C 0.C00H56" 19.R93295
CoB8503 Ne0{38 CWdCT8  (,37T7 1.0007 0.0006 Ce8005 0.00C4 C0.C063 0 0002 G.0001 0,000 0,00C351 21.134612
Ce975C (L 0NN5 13005 G075 GJ0004  $l.0004 Ce0003  CL00C3 040002 040001 C.0001 G.00M0 0.000622C 22.379959
Co95C3 CTWaCCH3  D.0003  D.ul03 (2203 0.0002 0.0002 0.0072 (€.0001 (.CO0C1L 0D.0000 C.0C0C 0.,000137 23.62329]
1.007)  0.99%2  0.0062  J.00u2 2.0732 €.0001  0.0001 C.9701 €.0001 C.000C 0.0N00 0.000C 0.C00086 24.806623

z1



CALLULATION OF TEUILTARATION OF

ORdP DL AMETER =

ATMUS PHERE

Tt TA
Cel DM
Cell M
Nal15350
Je2T UL
742500
Ve300
Je 3500
Qea” 23
Leb5CL
CeSHCuUD
Je9507)
ZebGCY
Ge6502
Ve 10T
31509
Ced200
Tenb(0
0.93CC
GeI5LC
leCl 23
10574
le1C0CC
1.150¢0
l.2004
1.25%00
1.3C00
1.35C¢C
le4aC 0
l.4533

Tef

e 395 4
CedTTL
NaTe24
245757
Coet3as
Ce3229
Uel3Tn
N.1730

Def1135
Velivy3
CLC0G2

Teduneg

Tauvnn

TEMPERATYRE

7.1

Sean
Ce9023
TaT3006
CabTuh
Je43 33
Q3190
Te2351
Lel71l3
Cel250
(. 3906
30655
Na0aT2
20340
560245
240170
AN - 4
2.0091
Je2066
Cel 4T
Te07 34
T.l024
Ja7717
SN
Ve oty
Jesuub
CelI05
NaLNI3
D032

301032

M
= 1307

Le?

Je9916H
e RRTT
Ce?l193
“e9591
".4178
“e3170C
Te2219
GelO64
tel212
(e"RT6
TeD6H33
TeT457
Jed329
163237
TLl 71
ref123
CeCRA
G603
CedN46
“eNU33
Teu"23
Cel D17
AFEA) W4
feC0N9
Lol 0hH
Cs00Ca
TL.G303
Nl
TWf302

A CuULn

dre C IN

"e3

Ue9347
UeBR624
Je0G7T 4
Te5297
[ e3GT74
(e2943
2.2160
~e15756
cellas
Cedb29
C40599
Jeufd2
Nafi311
Le0224
Ga0161
Te011l6
C.CN83
Cal360C
NeND43
{siN31
Ced22
Ceulle
LeldO11
LeJD0HY
e 00106
CeCLOG
CeLG3
L.00GC2
Ce0DG2

Table 9,

WATER DROP WITH AN AIR-STEAM ATMOSPHEKRF

[TIAL OROP TEMPERATURE =

FRACTION
Col
149713
G.H252
NTe6503
e 495C
Ce3697
G.2730
Ce2020
Cela57
TelC58

T GT6S

T e0553

.2399

.287

£ 0207

Te149
3e0107

G.0077

C.N255
Cal0GG0

.0N28

L IL2C

«L015

N,0011

N.0008

0.0005

N.0004

Ue00N3

743002

N.0CC1

—

OO

[ We WS

JF RAD
0.5

(e 9415
CeT750
e 5993
Ceta517
Ce3356
Cel2469
LelRC4H
Cel3l2
(a0)951
Q0.C688
del 496
i2.C358
0,257
Ga0185
0e133
Ced(96
0e0069
T ad549
J.0036
J.C026
C.N014
Ced213
0.0009
G.00207
Je Q05
Q0103
L.02C3
C.0002
2.G001

TuUS

Ceb

Ce904]
CeT1C9
745381
0,411
Ce2959
D2.2167
Na1579
Oel1l46
C.0R29
C.7599
Jel632
T7.0311
G.0224
GeN161
f.Clle
C.NNK3I
CeQlU 6D
D.0043
0eN031
0.,0"722
0.5016
C.0011
0.0008
0,0006
UelT0G4
Q.NN723
C.C0"2
Q.C0C2
0.0701

RG.0 DEG C
GoT n.9
CoBATI 1 .T604
C.6326 (.541C
C.4680 L3917
C.3444 ©.2333
3.2520 ~.2053
CelB36 1485
C.1332 3.1072
G.0964 L.CTT3
2.0696 £.,0557
0.05C2 C.0401
C.0361 N.0288
C.0260 C.C20T
(0137 D.0149
C.0135 (.0107
C.0097  2.0077
0.0069 7.0055
C.0C5C 0.0C40
0.0736 (.0328
0.0026 G.C020
0.0018 2.°71%
6.0013  C.0011
0 0010 GLCCCA
2.000T L0005
G.00C5 0.00C4
C.0004 C.0003
C.0003  {.0062
C.0002 0.0UGL
0.0001  §.0°C1
D.0001  C.0001

Ce9
C.6456
Ce4381
n.3083
0.2197
C.1573
C.l127
0.08728
C.0580
Ce0616
C.0238
D214
3.0154
Jl.C110
N.0N19
Q.0057
J.0341
3.2029
J.0021
N.3G15
C.0011
n.0008
C.0n36
C.CCO4
G.C0C3
c.CnC2
5.C071
J3.0071
G.COCL
0.COo01

1.9
Te5C052
Ne3274
Ce2234
Hel55%6
Je1094
ARl ¥ ¥
540549
(0391
20279
0199
Ll42
«0102
LCNT73
o052
J.0038
Ca0n27
0.0019
C.0014
740010
NW0207
2.0005
DL.C0N04
0.0C23
G.0002
c.0nC1
G.0N01
£ .07201
2L.0000
0.000¢C

O MDD

<

MEAN TEMP
Ce.841242
C.64°5]15
T 458454
fe3623834
fe267087
Lel35264
0.142760
T.10293%
CCTGG56
N.053744
5.038736
0.N27892
C.020070
Tl 14434
Ce1C377
TeUT453
2005369
Ce?M"285)
54002765
C.O0L19RA
D.0M1426
CeNN1C24
T.0RCT35
L. 27
"Nl C3T78
CL.0NC271
T.CN0194
0.CN0139
Ce. 020099

TIMF, SFC
C.ef13968
C.737935
fL.55667%13
DeT7587C
C.094838
7,113875
Cal32773
Q0.151740
NLITNTTR
CelBIETS
0208643
Ca227517
Ce246573
0.265565
T.284513
Ca. 303487
Te3224438
Ce341415
Te3601 83
2¢373350
e 398218
417285
Neb836253
J.6455221
Ne4T4183
C.%9315%
Co512123
Ge5310an
(4955005

€1



Table 10.

CALCULATION UF EQUILIGRATION OF A CULD WATER DROP wWITH AN AIR-STEAM ATMOSPHERF

DROP DIAMETER = C.170C CM
ATMUSPHERE TEMPERATURE = 137.C DEG C INITIAL DROP TEMPERATURE = 80.C DEG C

FRACTION OF RADIUS

THETA 0.C Cel 0.2 2.3 Gote I 0.6 0.7 0.8 0.9 1.C MFAN TEMP TIME, SEC
Co0500 7.9929 £.9913 5.9861 C.9748 0.9534 10,9160 0.8553 C.T7645 C€.6392 0.4899 0.2980 0.753956 0.075870
2.100C 0.8594 (.8526 5.8320 1.7968 (,7461 0.6791 C0.5961 0.4982 C.3887 0.272C C.1542 N.523728 0.151740
01560 0.6431 C.6361  ©,6151 RA.5805 0.5333 (,4746 0.4063 C.3308 0.2511 2.1704 0.0925 0.357147 0.22751¢
C.2000 044530 D.4475 C.4312 0.4047 0.3690 N.3254 0.2758 C€.2220 C.le64 0.1113 0.0590 r,242429 ,303480
0.2500 C.3lle  C.3077 0.2960 C.2772 3.2519 0,2213 0.1867 C.1495 G.1114 0.0739 C.0385 G.164098 C.379350
0.3000 0.2122 0.2095 0.2014 0C.1884 0.1710 C.1499 G.1262 0.1C08 0.C748 0.06494 6.0255 C.110863 0.,455227
0.3500 0.1438 C.l42C 6.1364 C.1275 0.1156 0.1713 0.0352 C€.0679 €.0503 0.0331 ©.017G 0.074809 C.531795
0.400C 0.0972 9.0959 ..0922 C.0862 QC.0781 0.06R4 (.0574 0.0458 C.0339 0.0222 0.0l14 $.057435 0.606967
£.45C0 0.0656  5.C648  ).C622 0.0581 ©.0527 0.0461 0.C387 0.C308 C.0228 0.0149 C.0NTH 5.033983 0.682830
002000 0.0442 0.0437 10,0419 044392 0.0355 0.0311 0.0261 0.0207 C€.C153 0.0100 C.0C51 0.022888 0,758700
005500 N.0298 0.3294 0.0283 0,0264 0.0239 0,0209 0.0176 0.014C 0.0103 0.0068 C.0034 0.015412 2.834570
0,600 €.C261 0.4198 J.0190 C.0178 C.0161 2J.0141 0.0118 0.0094 G.C069 0.0045 ©£.0623 C.010375 0.910440
C.650C G.0135 3.G133 0.0123 (.Cl2G G.0108 0.0C95 0.C08C 0.0063 C.0C47 0.0031 $.0015 0.006983 0.586310
C.7000 C.NC91  C.0390 C.0086 0.0081 C.0073 3.0364 C.0054 0.0043 C.C031 0.0021 ©.C0LC 0.0C47C0 1.C62182
0.75C0 0.0C61 2.,006C 2.GAS58 C.0CS54 N.0C49 C.5243  0.0236 C€.0029 C.C021 0.0014 0.CCO7 0.703163 1.138359
Ce80CC 5,004l 0.0041 0.0039 0.0036 0,0633 02.0029 (.3024 C(.0019 C.C0l4 0.00C9 0.0005 0.00212R 1.21392¢C
0.8500 (,0028 C£.0027 0.0L26 7.0025 0£.0022 N.0019 0.0316 0.C013 C.C0L0 0.0906 0.00C3 C.C01432 1.,28979°0
CeCO3 G.CIL9 0.udLB  0.0013 0.G317 2.C015 C.0013 €.0011 0.0009 C.C006 0C.0004 C.0002 C.000963 1.365660
U.95C0  C.0313 2.06012 (L0312 C.0C11 0.0C1Q 0.0G09 0,0007 $.0006 0.0Cd4 0.0003 0.0001 C.COC647 1.44153C
1.00C0  $.0378  J.0008  0,0008 0.0007 0.0C07 C.C006 €£.0005 0.0004 C.0CC3 0.0002 0.0001 0.C00435 1.5174r1
1.05CC  L.0006 J.00u6  C.00T5 L.07205 0.0005 0.0004 0.0003 0.0003 0.C002 0.9001 C.0001 1.000292 1.593263
1.1030 C.00J4 C.u004  C.0004 C.C003 C.0003 C€.0093 (.0002 0.0002 0.CCOL 0.0001 0.0000 0£.000196 1.669139
1.1520  C.0003  0.9053  .0002 (€.0002 C€.00C2 (Q0.0302 0.00C1 "0.0001 0.C001 0.00G1 C.0G00  1,000131 1.745C09
1.2000 01,0792 0.9002 (.00C2 C.2CN2 0.0001 C€.0001 0.,0701 C€,0001 C.000L 0.0090 0.0000 J.070088 1.82088¢C
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Table 11.

CALCULATICN OF EQUILEBRATIUN UOF A COLD WATER DROP WITH AN A[R-STEAM ATMCSPHERE

OKUJP DIAMETER =
ATM3SPHERE TEMPERATURE

THETA
Je 05 L
CelNCO
Celb00
Je2CC0
042532
Ce3CUR
0e3560
PN uote
2.4500
UeHTLCD0
Je5500
QebuCQ
Ce65UC
0. 7009
C.15C0
DeATCC
L eR500
0e9C300
0.950¢0
1.0CCO
1.05uC
1.109)
1.1530

(aid
0.9911
G.8357

Co6025

D.4102
02739
0.1315
N.1230
CeuUT91
0.0522
CeD3us
Gl.0227
Ce0149
Q0098
Ca0765
C.0C43
CeJ028
CaT018
ceN12
G.CluB
N.0COI5
Ce0O3G3
L0002
CelidD1

Gal500

Jel

J.98932
n,.8281
045952
Ue&l48
D.2732
Nel790
O0.1183
C.0731
Le0515
040339
Ne,J222
J.lla?
Ge0J97
JeI064
JeD3042
J.l028
). (018
J.C012
0.20398
3.0C065
3.0003
Ue0L 02

G.0CN1

cM
= 13C.cC

0a2

Te9827
Le8251
CeH734
Tle3848
Ce2592
D b7
N.1134
N.CT748
0.02493
eU325
“.G2l4
Gellal
0.0093
Y.0061
J. 0040
D.C026
Je06G17T
CLo0011
Q.00C8
C.C0M5
Cef3N3

NEG C INITIAL DROP TEMPERATURE =

G.0G1l31
2.7286
J 0057
G037
0.0025
C.0016
(A |
2.0C07
C.0NCH5
J.0003
C.00C2
C.0%11

FRACTION
D.4
Ce9431
0.7103
C.4894
0.3281
542178
Celbdl
0.0951
J3.0627
V.C413
C.0272
0.C179
0.0118
0.0078
T.0051
Ca.CI34
C.0Nn22
C.0015
0.7010
00036
0.N004
2.0¢03
Q.3032
0.0C01

F RADIUS

Ue5 Ceb
0.8985 0.8272
Ceb6377T 045490
2.4299 0.3616
0.286C 0.2386
De1894 00,1574
Ce1251 0.1C38
2.0825 L.0685
CeC544 0.0651
0.0358 (.7297
0eC236 C€.0196
0.C156 0.0129
C.0G192 C.0uRS
0.C067T C.O056
C.0044 C.ON37
042329 G.CC24
0.3019 J.0C16
J.0C13 9.0C10C
C.;C38  0.0707
G«0G05 0.07005
C.03N4 0.0003
2.C002 0Q.7002
Ce.0702 C.CCO1
C.C001 0.03061

BC.MN DEG

Ca7
C.7223
Ceb465
0.2871
Ce1878
Cel235
G.0813
C.0536
0.0353
C.0222
0.0153
0.01N1
C.CCohB
Q.0C44
C.0029
C.CCl9
0.CC12
G.0008

"0.092C5

C.0C04
0.0002
0.0002
C.0001
C.CO01

C

Q.8
C.581¢C
Ge3343
".2098
Ue136C
T.0890C
C.0585
C.0(0385
0.0253
C.0167
C.0110
G.CCT2
Q.CC68
C.0N031
C.0C21
CaClla
C.00C9
C.0006
C.CoC4
0.C003
c.00C2
0.0791
C.0001
¢.0CC0

0.9
0.4C73
5.2178
Ne1333
0.7854
0e0556
0.0364%
C.0239
G.C157
0.01C3
0.CC68
0.G6045
0.0729
J.C019
0.0013
C.3028
0.0006
f.003¢4
Cl.0u02
C."N02
0.0001
G001
0.0500
0.C20C

1.0
0.2139
2.1039
Ce0611
0.0384
DaN247
J.Cl6C
0.Gl05
C.0069
0.0045
2.,003C
0.0019
J.N013
U.COC8
C.CaoCh
N.0CC4
2.0C02
0.0002
C.0001
CL.0001
2.00C0
G.000¢C
Q,NONC
¢.cone

MEAN TEMP
C.720296
N,47162137
J.314828
2258705
J.1372C4
n,cans562
N ,059697
N.039335
N.025911
C.01LT0h5
C.011237
C.""7399
C.0Z6871
D.0Mr32C7
C.002111
N2.2721389
7.000314
J.0NNK01L
0.08313135
0eN2C260C
Q.00017¢C
r.ror11l
C.ONC0T3

TiME, SEC
CelT0703
Ce341415
C.512123
N.58283°7
4353538
1.024245
1.194953
1.365661
1.536268%
1.7C71076
1.877784
2.763491
2.213199
24389917
2.560615
2.731322
2.9C2035
3.072738
3.2463445
3.414153
3.5848583
3.755567
3.9262174

ST



Table 12.

CALCULATION UF EQUILIRRATION UF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERE

DROP DIAMETER = oo
ATMUSPHERE TEMPERATURFE

THETA
D.05C0
G610(2

TC.1500
0.20CC
0.2520
Je3CGT
Oe 350C
Cewl U0
Ce450N0
C.50GC0
345500
C.6CC0
Ceb6530C
L7006
0.753C
0e8CUL
J485G0
LL900C0
5e95C0

~1.0C¢00
1.0502
l1.10¢CC

Vel
J.9696
0.8193

Be5775

3856
N.2532
2.1054
0.1C77
5.07901

0.0456

0.0297
0.0193
0.0125
0.C082
64053
G.0334
G.0022
0.0015
C.0009
3.0006
£.0004

"0.0023

J.02022

OIZ

N.1
0.9875
0.8112

T2.570¢C

N.3803
0.2497
01630
0.1C62
3.0691
00450
0.5292
CeD1490
Ce0124
0.Cu8C
J4Gu52
J.c034
0.0022
C.0014
0.0009
G056
0.0004

N.3C03

Ved0I2

M

= 136.C DEG € TNITIAL OROP TEMPERATURE =

fe2
0.9801
C.7868

T.548C

Ce3646
Ce2392
Tel561
Je1017
J.0662

T 0.0431

U.028C
0.0182
0.C118
C.0077
0.005¢
10,0032
0.0021
G.C014
¢.0009
0.0C06
£.00C4

0.0002

Je5002

0.3
C.9644
07455
C.5121
Ce3392
0.2222
0.l45C
2.0944
C.0614
J. 0400
0.0260
0.C169
0.0110
CeBNT1
0.C046
C.G03¢"
C.002G
C.0013
0.0008
N.00G5
£.0N03
0.0702
€.0C01

FRACTION
0.t
€.9352
0.6870
0.4635
0.3053
£.1996
0.1301
0.0847
0.0551
0.0359
0.C233
0.0152
€.0099
C.Cl64
0.0C42
‘6.0c27
G.0C18
0.5011
£.0007
£.0005
2.0003

0.0002

0.0001

OF RAD
0.5

G.8854
G.6115
0.40641
042645
G.1725
C.ll24
0.0731
0.0476

C.0309

0.0201
0.0131
0.0085
C.0055
0.0036

C.0023

0.0015
0.0010
0,0006
0.0004
0.C003
0.0002
0.C001

1us
c.6
0.8068
0.5202
0.3364
0.2186
0.1423
€.0926
(0602
€.0392
0.0255
0.0166
0.0108
0.0c70
0.0045
¢.0C30
0.0019
0.6012
0.0C08
0.00C5
0.00C3
0.00C2
0.00¢1
0.00C1

80.0 DEG C
0.7 0.8

0.6928 0.5421
C.4161 0.3036
0.2633 (.1881
0.1699 0.1205
C.1102 0.CT79
0.0716 C.C506
0.0466 C€.0329
C.0353 0.C213
" 0.0197 €.0139
C.0128 0.009C
0.0C83  0.0059
7.0054 0.0038
0.0035 C.C025
¢.0023 C.COLl6
0.0015 0.G01C
2.0010 0.00C7
C.0006 0.0004
0.0004 (.0C03
0.0C03 C.0002
0.0002 C.CCCH
©0.0001  €.00C1
0.00¢1 0.0000

0.9
0.25C9
0.1888
0.1145
5.0727
00,0469
©.,0303
20,0197
0.C128
0.0083
0.0054
C.0035%
0.G023
0.C015
0.0010

T C.0206

C.00C4
2.0003
0.0002
C.0001
0.0001
C.0090
0.0000

l.o
C.1649
0.C786
C.0461
0.C288
N.0184
0.0118
0.CCT76
0.CG49
G.0032
J.0021
C.0013
”.0009
0.C00N6
G.0004
2.0002
D.0002
3.0001
0.0C01
7.0C00
0.0C00
2.0000
N.000C

MEAN TEMP
D+693445
C.448244
0.291477
C.189762
0.12%523
2.680375
c.052281
N.C33999
0.6221¢5
C.014371
0.€0N9342
C.006072
C.003946
Cel3256%5
C.001666
C.0%1082
0.000703
0.000456
C.0NN296
7.000192
0.00012¢
0.J300CRO

TIME, SEC
0.303489
0.60696C
C.910441
1.213921
1.5174C2
l1.820882
2.124362
2.427862
2.731323
3.034803
3.338284
3.641764
3.345245
4.248725
44.552204
4. 855685
5.159166
5.462646
5.76612%9
6.069608
6.373083
6.676565
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Table 13.

CALCULATION OF EQUILIBRATION UF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERE

DRUP DIAMETER =
ATMOSPHERE TEMPERATURE

THETA
C.050¢C
Q.100¢
0.1570
2000
G.2500
C.3000
03500
Ze40CC
Ne4500
Je5000
GCa55C0
G.6000
Ce65030
70072
G. 7530
0.3000
2.850C
09.9000
3.95C0
1.,C000

0.0

0.9873
0.7975
0.5474
Ce3578
0.2307
J.1481
Ce0952
0.3609

hL039C

C.025C
Ce0l160
C.0172
J.0C606
DedC42

nJac21

G.0317
0.9011
9.0007
0.0005
€.n003

0.3600 CM

0.1
0.9847
J.7888%

72,5399

0.3527
0.2273
0.146C
C+2936
2.0602
0.03434
D.0246
C.0158
2.3101
Ne3UhS
0.0041
0.7026
0.NCLT
U.0011
G.0C07
0.0734
0.0Cn3

5.0002

130,00 OFG C INITIAL DROP TEMPERATURE =

N2
Ue 9759
Ca.7628

D517

Ne3374
Ce2l 74
C.1395
(0895
N.C573

0.G367

C.0235
Cel51
UeCO96
C.0C62
C.0040
0.0225
J.0016
CaC210
J.C007
N.020

0.07C3

0.7102

Ne3
Ce9574
C.7192

0.4818"

C.3129
0.2013
C.1292
ve(828
C.0531
G.3340
G.0218
C.0139
C.c089
0.0057
(. G037
L.0023
C.0715
CaQ01¢C
C.N006
CeD004
C.00C3

C.0002

FRACTILON

Ou4
C.9236
0.6579
0.433%
C.2802
0.1800
0.1155
3.0740
0.C474

0.0304
0.0195
0.0125
0.0080
0.0051
£.0033
0.00621
0.0013
G.0009
C.0005
0.00064
0.0002

0.0601

OF RADIUS

0.5 0.6
0.8666 0.7784
Ce5796 C.4862
3748 (.3084
0.2409 0.1971
Cel546 Gol1262
CeC991 (€.0829
C.0635 0.0518
0a0407 C.C332
06.026C¢ C.C212
0.0167 0.0136
0.017"7 G.0087
C.0068 C.0C56
040044 (©.0036
0.0028 0.0023

0.0018 0.0015

G.0011 0.0099
0.0007 0.0006
0.0005 0.0C04
0.0003 0.C002
0.0002 0.0692

0.5001 0.6C91

8C.0 DEG C
C.7 0.8
0.6537 C.4931
0.3813 0.2698
0.2374 0.1652
0.1509 0.1C44
0.C964 0.0666
0.0617 0.0426
€.0395 ©.0273
0.0253 0.C175
C.0162 C,.0112
0.01G4 C.0072
C.0066 C,0C46
0.0043 0.0029
0.0027 G.CC19
0.0017 c.o0Cl12
c.C011 C.0008
~0.00C07 0.0005
0.0005 (.C003
0.0003 (€.0202
0.0C02 0.€C001
- 0.00C1 0.60Cl
0.C001 0.0601

0.9
0.3063
0.1583
C.095¢4
G.0599
0.0381
Cs0244
0.0156
0.0100C
0.0064
0.0041
0.0026
0.0017
G.C011
0.0007
0.0004
C.0003
0.0002
0.0001
0.0001
0.0000
C.0N00

1.C
C.1119
C.0535
C.0314
0.C195
C.0123
‘:‘ 05078
0.005¢C
C.0032
9.0020
0.0013
0.00C8
G.0005
G.0G03
0.0002
0.0001
0.0C01
N.0001
0.000C
0.00GC
0,0C0C
C.0000

MEAN TEMP
N.658881
416077
Ce265806
H6170238
0.1CAC74
2.069879

« (44763
C.028670
0.C18362
C.C11758
0.007529
0.004821
n,003C87
0.071976
C.uCl265
0.0008C9
0.07CS517
0.N70331}
0.0C0211
C,000135
C.000086

TIMF, SEC
C.68283C
1.36566¢C
2.C48491
2.731327
3.414151
4,0656981
4, 779811
5.462642
6.145473
6.828373
7.511133
8.1939¢£3
8.,876734
9.55962C

1f.242455

1€.925282
11.6C8109

12.290945

12.973772

13,656608

14.339425

L1



Table 14.

CALCULATION UOF EQUILISRATIUN OF A COLD WATER DROP WITH AN A[R-STEAM ATMOSPHERE

ORUP ULAMETER =
ATMUSPHERE TEMPERATURE

THETA
2.0500
0.1230

C.1550

C.2000
0.256C
Ce3000
0. 3500
Cl.4CUY
0.4530
0.5200
0.550U
0.6200
0.6570
J.70C0
0.7500
U.8CC3
D.85C)
U.9C00
0.95C0
1.0C90

1.L500

0.0
0.9855
0.7836
€.5298
N.3423
0.2185
¢. 1390
€.0883
_ €.0561
(.0226
0.0144
G.0091
0.7058
C.0037

C.C023

{0015
C.0009
C.N206
CedN04
C.dCn2

C.0002

0.0356

Ce4020

0.l
09826
QuT141

0.5224

J.3373
N.2153
Je1369
G.087C
0.0553
0.0351
CeD223
J4214l
J.G0O9C
J+40057
J.0036

Cc.0C23

D.0015
2.C039
0.0006
Ne G4
722092
Q.C0C1

CM™

Co2
r.9728
Del478
" 0.5CC3
0.3224
242956
0.1308
0.0831
Jed523

U.C335

€C.CG213
(G.C135
C.lruB6
UedC54
N.0035

0.0C1l4
(.00179
GeN006
(0CC4
GaQ02

0.0022°

C.3

09523
C.703C

C.4845

C.2983
Cel9n01
0.1209
Q.0768
70488

“0.0310

2.0197
2.0125
0.0079
£.0050
9.0032
3.002¢C
n.0013
C.0008
8.0205
0.0503
0.0002

S G.0c01

= 13C.% 0EG C INITIAL DROP TEMPERATURE =

FRACTIUN OF RADIUS

0.4 0.5
0.9153 0.8537
0.6403 0.5608
C.4166 0.3585 "
N.2664 0.2282
0.1696 0.1450
0.1078 0.0921
0.0685 0.0585
€.0435 C(C.0372
0.0276 C.0236
0.0175 {0.C150
0.0111 G.00295
C.0C7L 0.0060
0.0045 0.C038
0.0028 (€.0024
0.0018 0.7015
0.0C11 0.0C10
0.,0C07 0.0006
0.0005 0.0004
0.0003 0.0002
0.0002  €.0002
¢.n0éol1 O.¢001

G.b
0.7598
0.4668

Ce2931

C.1856
C.1178
C.0748
C.Ca75
0.03C2
0.0191
0.0122
c.0077
C.0049
0.C031
€.0020

0.0013

C.0C08
0.C0N5
C.0003
0.C0C2
0.0001

"£.0001

80.0 DEG C
0.7 0.8
Ca6292 Q.4641
Ce362C (42517
0.2235 0£.1531
G.1408 0.0961
C.0893 0.C608
C.0566 0.0385
0.0360 C.C245
040228 0.C155
0.0145 C.0099
00092 0.C063
C.00%8 0.0040C
0.C037 C.C325
0.0024 C.001l6
0.0015 0.6C10
C0009 0.C006
0,0006 (.00C4
0.0004 C.0003
0,0002 C(.0002
0.0002 C.00C1
04,0001 0.0001

¢.,00C1

C.0000

C.9
0.2761
0.1425
C.C856
0.0534
C.0337
C.C214
C.0136
0.C086
0.0055
0.0035
0.0022
0.0C14
0.NC0O9
C.G006
C.0GQ%
0.0002
J.0001
2.0001
0.0001
0.00n0
0.0C00

1.0
0.0849
G.0411
0.0242
D.0149
0.0094
0.0059
0.0037
C.0024
C.C015
G.0ul0
C.0006
C.C004
G.0C02
C.0C02
C.0001
£.0001
0.0000
0.027C
C.2CIC
0.0200
0.000C

MEAN TEMP
Ne637815
Ce398779
0.251882
C.159854%
7.171509
0.064461
0.740932
"e025990
C.016571
O.C10&T6
N.006650
C.006221
C.0722679
0.CO0172C
9.7710179
0.n)0684
C.003C4d4
0.000275
0.000174
0.C0011C
0.0CCN6Y9

TIME, SEC
1.213521
2.62Tk41
3.641764
4.R554R5
5.NAGHCR
1.28352%
B.497459
9.7T11367

10.925251

12.138215

12.352131

14,567056

15.78¢980

16.394838

18.228817

19.42272%

2C.6326658

21.485C571

23.064499

24.278427

25.492325
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Table 15,

CALCULATION OF EQUILIBRATION OF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERFE

OROP DIAMETER

ATMUSPHERE TEMPERATURE

THETA
ceC5CN
0e10GD
N.1500
T.2C00
J0.2500
Ue30G0
0.3500
0.4030

0.4500

0.5000
0.550%
Ue60O0
0.6500
_£.7C00
0.750¢
0.8500
0.8500
0.9000
0.9500
__L.0080
1.058¢
1.16C0
1.1500
1.2000
1.250¢C

11,3000

1.35C0

= 0.100C CM

£.0 0.l (142 C.3
(9944 0.9932 05.9830 0.980C
C.8845 (.8788 G(.8613 C(C.8313
(.6949 0.6885 11,6693 (.,6377
0.5163 0.5109 10,4950 0,4689
0.3743 (Q.3703 0£.3581 (.3384
Coe2682 0.2652 06,2563 (0.2419
C.191C G.1888 (.1824 0.1719
0.1354 0.1339 (.1293 (.l1218
C.0958 0.9947 (0.0914 ¢.0861
C.06T6 0.0668 (.C645 0.0607
Ce0477 0.0471 C.0455 C.0428
G.0336 0.0332 0.C320 0.0302
0.0236 (©.0236 0,0226 €.0212
0.Cl66 C.Clb4 C.CL59 0.0149
C.0117 C.Cll6 C.JIo112 '0.0105
0.C982 0.0081 G.0C79 0.0074
0.0U58 G257 0.0055 (.0052
GeGN4l Q.5040 €.2039 0.0037
C.0029 N.0028 1.0027 (.0026
C.NC20 NM,0026 0,0019 0.0018
G.CUl4 G.00Le 0.00137 ¢.0013
(.03010 0.001C 0.0009 G.0009
C.7007 0.0007 C.0007 0.0666
0eGOSS5 0.0005 $.00C5 C.00C4
C.0003 0.0C03 <(€.0003 0.0003
C.0002 0.0002 0.0002 0.0002
6.,0002 0.00C2 C(.0C02 0.0002

FRACTION OF RADIU
0.4 0.5
0.9629 0©.9326
0.7876 {.7293
0.5940  (0.5391
C.4336 (.3900
0.3118 0.2792
0.2224 0.1987
€.1579 0.1409
0.1118 9.6996

"0.0790 0.07C3
0.0557 0.0496
0.0393 0.0349
0.0276 0.0246
0.C195 ©.0173
0.0137 0.0122
¢.0096 (€.0086
0.0068 0.0060
0.0048 0.0042
0.0033 ©.0030
0.0024 €.0021
2.0017 0.0015

0.C012 0.001¢C

0.0008 C.0007

0.0006 0.0005

0.0004 0.0004

0.0003 0.0003

0.0002 0.0002

1C0.6 DEG C INITIAL DROP TEMPERATURE =

S

0.6
0.8832
0.6560
OetaTt2
0.3396
C.2419
0.1716
C.1214
0.0858

€.0605

C.0426
C.0300
0.0211
0.0149
0.01C5

0.C074

0.0052
0.0036
0.0026
0.0018
0.0013

0.6009

0.0006
0.00C4
C.0003
G.0002
0.0002

30.0 DEG C
0.7 008

0.8082 0.7031
0.5682 DN.4676
0.4012 G.3223
0.2841 (.2254
0.2C11 G.1584
0e.1422 C.ll15
0.1004 0.0785
0.0708 (.(552
0.0499 (.0389
C.0351 ¢.0273
0.0247 ©€.C192
0.0174 0.C135
0.0122 0.€C095
€.0086 0.C067
0.0C60 0.C047
0.C043 (.0033
0.0030 0.0023
0.0021 G.0016
£.0015 C.0011
0.001C  0.C0G8
C.0CC7 0.C006
€.0005 (.C004
C.0004 C€.0003
0.0003 0.0002
0.0002 06.00C1
0.0001 0.00C1

0.0001 0.0001 C.0001 0.,0001

0.0001"

0.9
0.5674
0.3576
'0,2403
0.1656
0.1154
0.0807
0.0566
0.0397
0.0279
0.0196
0.0138
0.0097
0.0%68
0.0048
0,0034
0.0024
0.0017
0.0012
0.0008
0.0006
0.0004
0.0003
0.0002
0.00C1
0.0C01
0.0001
0.0000

1.0
0.40565
0.2428
G.1583
0.107¢G
0.0735
n.0510
7.0355
C.0248
0.0173
0.C121
CG.G085
0.006C
0.0042
0.0029
0.0021
0.0C15
0.0010
0.0007
0.0005
0.00C4
0.C002
0.n002
0.0001
0.00C1
0.0001
0.0000
0.000C

MEAN TEMP
0.802768
0.588573
0.424499
0.303592
0.215986
0.153118
0.108282
0.076443
C.053899
C.037972
N.026735
G.0N18815
0.013237
0.009311
C.036548
0.0046C5
3.003238
C.Cl2277
C.0C160C1
J.021125
0.C00791
C.000556
0.000391
0.000275
c.00C0193
0.03C0136
C.COCC95

TI{vE, SEC
+sCTTT78
D.,155416
Ce233124
n,31C0832
Ne38854])
Cel65249
0s543957
Ceb21665
0.699373
Go 777081
C.R54789
(0.932492
l.C1C2C5S
1.(879314
1165622
1.243330
l1.321038
1.398746
l.e476654
1:554163
l.631R869
1. 709578
1.78728¢6
1.8649394
1.94270C3
2.C2C41C
2.C981109

61



Table 16.

CALCULATICN OF EQUILIBRATION OF A COLD WATER DROP WITH AN AIR-STEAM ATMOSPHERE

DROP DIAMETER =
ATMUSPHERE TEMPERATURE

THETA
C.05C0
0.1000

“8.15CC

0.20CD
Ce259¢
G.3000
€.3500
0.4090
C.4500
. 5000
0.5500
Ce6C0C
0.6500
3.7060C

C.7560

0.800C
C.8500
0.9000
0.95C0
11,0000
1.0500
1.160¢
1.1500
1.2C00
1.25G0
1.3000

"1.3500°

1.4000

C.0
{9944
C.8857

0.6987

Ce5229
C.3828
Ce2774
C.2000
C.l438

C.1031

CeGT739
C.0529
C¢.n378
C.0270
C.0193
Ce00299
G.037C
CeCLS50L
G.0016

C.0026
C.0018

£.9013
0.7009
c.cno7
€.C005
C.00n3

G.0002

G.00C2

C.1000

C.1
(49932
0.88C0

T0.6924

J.5176
Ny37RT
C.2744
0.1978
N.1422
J.1027
00731
3.0523
0.037¢
D.0267
0.0191
0.0137
0.0098
2.0070
0.005¢C
0.0036
C.0025
(.0018
0.N013
C.00C9
0.0007
0.0005

0.0003
$.0002
0.0002

CM

= 100,C DEG C INITIAL DROP TEMPERATURE = S0.0 DEG C
FRACTION OF RADIUS

Ce2 0.3 0.4 0.5 0.6 C.7 0.8

(e9891 (C.98C1 C.9631 0.9332 0.8841 0.8099 U.7061
NeB62T CuB8331 0.7900 C.7326 0.6603 C.5739 C(C.4749
C.6736 0.6424 70.5994 0.5453 C.4815 0.4096 0.3319
0.5C19 C.4762 0.4414 0.3984¢ 0.,3486 C.2937 (0.2356
Ce3667 0.3472 043208 (0.2885 0.2513 C.2107 C.1681
Ge2655 fe2511 (0.2317 0.2079 C.1807 0.1511 0.1202
0.1914 0.18C8 041667 0,1494 C.1297 9.1083 0.0859
Ce1375% (€.1299 C.1197 0.1072 0.0930 0.0775 0.C614
J.0986 0.0931 §.0858 0.0768 0.0665 (.055%4 0.C439
N.07C6 C.0667 0.0614 0.2550 0.0476 0.0396 0.0313
0e506 040477 0.0439 0.0393 0.0340 0.0283 0.6224
0.0362 0.0341 0.,0314 0.0281 0.N243 0.0202 G.Cl60
0.0258 (.0264 00,0225 C.02C1 0.0174 0(.0145 0.0114
Ce(185 0.,0174 0,0160 0C.0144 0.0124 0.0103 (0.0082
d.u0132 10,0125 C.0115  0.0103 0.0089 0.06C74 0.0058
0.0094 0,0089 0.0082 0.0073 0.0063 00,0053 (C.0042
0.C067 0.0064 0$.0058 0.0052 0.004% 0.0038 0,003C
0.0048 C.0C45 0.0042 5.0037 0.0032 0.0027 G.0C21
C.0034 C,0032 0.0030 0.,0027 0.0023 0.0019 C.0015
N.0025 0.0623 0.0021 0.0019 0.0016 0.0014 0.0011
6.0018 C.0017 (€.C015 C.0014 0.0012 0.0C10 (.0008
2.0013 0.0012 0.0011 C€.001C 0.0008 0.0007 0.0006
0.0009 0,00608 0.,0008 C.0007 (.0006 0.0005 (.0006¢
0.0006 (.0006 0.0006 0.0005 C.00C4 10,0004 C,0003
0.0205 0.0064 0.0004 0.0004 0.0003 0.0003 0.0002
0.0003 0.0003 0.0003 0.0003 0.00062 0.0002 0.0001
C.C0C2 0.,0002 0.0002 0.0002 0.0002 0.0001 o©.cOCI
0.0002 0.0002 0.0001 0.0001 0.0001 0.,0001 0.,C0C1

0.9
0.5723
0.3668
0.2510
0.1762
0.1250
0.0889
0.0634
0.0452

0.032%

0.0230
C.0164
0.0117
n.0084
0.0060
0.0043
¢.C031
€.0022
0.0016
0.0011
0.0008
0.0006
0.0004
0.0003
0.0002
0.0001
0.0001
0.0901
0.0001

1.C
Ce4139
De254C
6.1701
c.1178
0.0828
c.0586
0.0616
G.0296
G.0210
0.015C
0.0107
C.0076
0.0054
G.0C39
0.0028
0.0020
0.0014
0.001C
C.0007
0.0005
0.C0004
0.0003
0.00902
0.0001
¢.0001
0.0001
0.0000
0.0000

MEAN TEMP
0,804738
0.594062
£.432533
0.312871
0.225428
5.1620C2
0.116211
~.083255
n.059590
CeC42624
0.C30473
C.021779
0.015562
0.C11117
N.CRT941
N.025672
0.004C51
C.002893
0.002C66
0.001475%
N.NN1INS3
0.000752
0.000537
0.000383
0.000274
0.000195
0.000139
0.000099

TIME, SEC
C.C77109
0.154218
N.231327
0.308436
0.385546
C.062655
Ce539764
C.616872
0.693982
C.771091
C.B4R2CC
0.9253C@2
1.0C2418
1.079%27
1.1566126
1233746
1.310R5%
1.387947
1.465073
1.542182
1.619289
1,696399
1.7735C8
1.85C0617
1.927728
2.006483%5
2.0816G44
2.159C54
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APPENDIX

This section contains a listing of the computer program. The program is written in FORTRAN 1V level
H for the IBM 360. The program consists of the main program and the following subroutines:

VPRPRS — Calculation of Vapor Pressure of Water

ATMRHQ' — Calculation of Atmosphere Density

VISMIX — Calculation of Viscosity of Air-Steam Mixture

DIFF — Calculation of the Diffusivity of Steam in Air

TERMV — Calculation of Terminal Velocity of Water Drops in Air-Steam Mixture
KG — Calculation of Mass Transfer Coefficient of Steam Through Air Film
HTCQEF — Calculation of Forced-Convection Heat Transfer Coefficient
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CoIHES PraborAM 1S AETTIN T CALCULATE THF HEATING RAITE GF wATER DROPS
LoHALLING THRagUGH AN ATR=STEAM MIXTURE
DIMENSTON TUAU9L,20), TATM{20 ), TIERGIZ20), TULL,5400), TIMF(9C,
1200 DH2C) 5 THETA(9C20)
REAL %4 KSUBG
00 4 K = 1,20
1 READ(DT42,END = 2) TATMIK)y TZEKO(K)y DIK)
2 FORMAT(3+17.2)

C INITIALTZE T
DD 5 = 1,11
DO 5 4 = 1y54"]
5 THle«d) = 1.

C CALCULATE INITIAL PROPERTIES AND DROP TERMINAL VELOCITY
TINF = TATM(K) ¢ 273.16
TORUP = TZFRO(K) + 273.16
CALL VPRPRS (TINF, PINF)
CALL ATMRADI( TINF, PINF, RHOATM)
CALL VISMIX(TINF,PINF,ETAMIX,PTOTAL FRSTM,FRAIR)
CALL DIFF (TINF, PTUTAL, DSUBV)
CALL TERMV (TZERD(K), D(K),RHUATM,ETAMIX,VTER,REYNO, RHOLIQ)
CALL HTCOFF (VTERGETAMIX,D{K) yRHOATM,FRSTM,FRATR 4H)
C CAKRY QUT FINITE OIFFERENCE CALCULATION OF TIME-DEPENDENT TEMPERATURE DISTRI-
C BUTIUN [N THE DROP
WRITE(5146) D(K)yTATMIK) s TZERO(K) _ o
"6 FORMAT(1H1,*CALCULATION UF EQUILIBRATION OF A COLD WATER DROP WITH
1 AN AIR-STEAM ATMOSPHERE®//' DRUOP DIAMETER = *,Fb.4, ' CM*/* ATMOS
2PHERE TEMPERATURE = *,F5,1,% DEG C'0O* INITIAL DRCP TEMPFRATURE = *
3,F5.1," DEG C'C//41X,"FRACTION UF RADIUS®/2X

4* THETA C.C 8.1 0.2 0.3 N.4 0.5 0.6
~ 50.7 0.8 C.9 1.0 MEAN TEMP TIME, SEC')

Ja= 0

JB =0

DO 7 J = 1,5400

JA = JA ¢ 1

TlleyJd+l) = T(2,J)
00l =210
P = FLOAT(I)
8 T(IyJd#1) = TULyJ) ¢+ 0.166666T#({P/IP=-1.))%T(1¢14J)= 2.%¥T(1,4J) +
1 ({P=2.3/(P=1.))*TUI - 1,4J}))
CALL VPRPRS (TDROP, POROP)
CALL KG (DSUBV, DI(K),VTER,ETAMIX,PTOTAL,PINF,PDROP,RHOATM,KSUBC)
B C_FOngeLCULATION>ﬂE ASSUME THE LATENT HEAT OF VAPORIZATION IS 10,000 CAL/NOL_
CONDEN = 1.ET#KSUBG*(PINF — PDROP)I*D(K)/(3.202*%(TINF - TZERO(K}))
CONVEC = H*OD(KI*T(1ll,J4)73.,202E-3
C DENOMINATOR IS CONDUCTIVITY OF LIQUID WATER TIMES 2
TULlleJ#1) = T(LI1e4J) = OL165%(T(11l,J) - T(10,J)) - 0.01851852*({CONDE
1IN + CONVEC)

. TDROP = TINF = TUllyJ+l)*(TATM(K) - TZERO(K)) o
1F(JA.NE.3G) GO TO 7
J8 = JA/30
SUM = 0.

DO 101 = 1,10C
10 SUM = SUM + 92,0005 {%x%3 — ([ - 1)*%x3)x(T([,J4) + T{I-1,4))
TB8AR(JB,K) = SUM B
THETA{JB,K) = FLOAT(J)/60C.
ALPHA = 1.6C1E-3/(1.%RHUOLIQ}
TIME(JByK) = (DIKI%RX2)ETHETA(UB 4K) /(4 %ALPHAY)
WRITE(S1411) THETA(UBWK) 9 (T(1pJd)yI=1411)4TOAR(JIByK), TIME(JBWK)
JA = C
IF{TBAR(J3,K)oLT.1.E-4) GO TO &
T CUONTINUE
4 CONTINUE - N ——
11 FORMAT (FA,4,11FB44,2F106)
3 S10P
END
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T TTSUBROUTINF VPRPRS(ABST,P)

THIS CALCULATES THE VAPOR PRESSURE 0OF THE ATMOSPHERE AND THE DROPS
X = 647,27 - ABST
TOP = 3.2437814 + (5.86826E-3)1%X + {(1.1702379F-8)*(X**3)

DENUOM = 1. + (2.1878462E-3)%X
PHILX = TOP /DENOM
- PHIZ2X = (2.302585%x%PHI1X)/ABST

PHIP = EXP(PHI2X)
P = 218.167/PHIP
RF TURN

END

TTTSUBROUTINE ATMRHOTABST, P, RHOATM)
RHOAIR = €,001185
TAU = 1./7ABST

TAUSQ = TAU*%2

GLTAU = 82,546%TAU - (l.6246E5)%TAUSQ

G2TAU = 0.21828 -{1.2697TE5)*TAUSQ
TUG3TAU = 3.6356-4 - (6.T6BE64)*(TAU*%24)

BZERD = 1.89 - 2641.6%TAU*(10.*%%(80870.%TAUSQ))

8 = BZERO ¢ (BIZERU*2)%(GLTAURTAUXP) +({DBZERO*%4)*G2TAU*( (TAU*P)
1%%23) +(BZERO**13)%G3TAUS( (TAUXP)%%]12)
V = {4.55504%A8ST)/P + 8 !

RHOSTM = 1./V
TTTRHOATM = RHOAIR ¢ RHOSTM

RETURN

END

TTSUBROUTINE VISMIX(ABST,P,ETAMIX,PTOTAL,FRSTM, FRAIR)
TAU = 1./A8ST
DENOM = 1. + 68C.1%TAU
TOP = (1.851E-5)%(ABST%%{(,5)
ETAD = TOP/DENOM
FIOFP = P*{1.E-4)%(0.03103 -P * 3,65E-5)
ETA = ETAD '+ FlOFP '
PAIR = 1.%*ABST/298.16
PTOTAL = P + PAIR
ETAAIR = (1.7C9E-64)%((ABST/273.16)%%C.T68)
FRAIR = PAIR/PTOTAL
FRSTE M = P/PTOTAL
TOP "= FRSTE M*ETA*SWRT(18.) + FRAIR*ETAAIR#%¥SQRT(29.)
DENOM = FRSTE M%SQRT(18.) + FRAIR®SQRT(29.)
ETAMIX = TOP/DENCM
RETURN
END
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" SUBROUTINE DIFF (ABST,PTOTAL,.DSUBV)
C THIS CALCULATES THE DIFFUSIVITY OF STEAM IN ALR
EPSIK = 97.0
EPS2K = 363,
EPS12K SIRTIEPSLIK*¥EPS2K)
COL INT 03674 + (.3478%(FEPSL2K/ABST)
TRATR =" 3,617
RW = 2.655
RWAIR = N.5%(RAIR + RW)
FOFM = SWURT(1./18. + 1./29.)
B = (10.7 - 2.46%FJFM)*]1.E~4
PFUNT = ABST#%]1,.5

" TOP = B*PFUNT*FOFM

DENUOM = PTUTAL*(RWAIR*#%2)*xCOLINT
DSUBY = TOP/DENOM

RETURN

END

T T SUBROUTINE TERMVITLIQ,DyRHOATM,ETAMIX,VTIER,REYND, RHOLIQ)
C THIS CALCULATES THE TERMINAL VELOCITY OF THE DROP

XPGC = 980.%*%0.714
XPDOP = D#¥%1.142
VLIQ = 1.0018 + .0002615%{TLIQ ~ 27.) + (3.219F-6)%((TLIQ - 20.)#*%
12)
T UURHCOLIQ =T 1./VLIQ
DELRHU = RHULIQ - RHOATM
XPRHOA = RHOATM%%(C.286
XPDRHU = DELRHO*%0.714 !

XPETA = ETAMIX*¥%02,428
VTER = C.153%XPGL*XPOPRXPNRHO/{ XPRHOA*XPETA}
REYND = (D*VTER%*RHOATM)/ETAMIX
IF(REYNU.LT.132C.) GO TO 100
VIER = 1.74%(SIRTI(98C.*D*DELRHU)/RHOATM))
REYNY = {DXVTER®*RHUATM) /ETAMI X

10C RETURN
LND

SUBROUTINE KGUOSUBVsNsVTER,ETAMIX,PTOTAL,PINF,PDROP,RHOATM,KSUBG)
REAL*4 KSURG
REYNO = D®VTER®*RHUATM/ETAMIX
SMITNDO = ETAMIX/(RHOATM®DSUBV)
Y = 2.0 + 0.6%SQRT(RFYNO)#({SMITNO*%(.3333)
PBM = PTUTAL =~ 0.S5%(PINF + PDROP}
T UAVMAW = TPBM/PTOTAL)*29, + ((PTOTAL - PBM)/PTQTAL)#*18.
KSUBG = Y#*RHOATMXDSUBV/(D®AVMWSPBM)
RETURN
END

T T SUBROUTINE HYCOEF({VTER,ETAMIX,D s RHOATM, FRSTM, FRAIRyH)
C CALCULATES UUTSIDE FILM HEAT TRANSFER COEFFICIENT
) REYNO = D *VTERERHOATM/ETAMI X
PRNG = De76
ANUND = 2.0 + 0.6%(SIRTIREYND) )% (PRNO**( .3}
- COND = ({T.S56FE-4)%FRAIR*(29.%%,333) +(6.5TE-4)*FRSTMx(18,.%%,333))/
1 (FRSTM#(18.%%.333) + FRAIR*(29.%%.333))
H = ANUNO*CCND/D
RETURN
END
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