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ABSTRACT  

Several experimental methods have been developed for tee determine*. 

tion of the rate of heat transfer between a pas con en organic vapor 

and a cold surface. The experimental results of the earliest method, the 

so-called "embedded thermocouple" approach, have not been in good agree- 

ment with heat transfer values predicted by the theoretical Nusselt equa- 

tion, nor has good agreement been found among the individual data, The 

alternate method was an indirect approach developed by Wilson and was 

based on the effect of cooling watt r velocity. Wilson's method provided 

values in close agreement with the values predicted by the Nussalt 

equation but was empirical in nature. nth methods have been subject to 

criticism. 

Chu, Flitcraft tad Roleman developed and tested a modification of 

the Wilson method based on a rigorous theoretical analycis which 

postulated that the film coefficient was an inverse function of the heat trans

ferred and weld be determined by graphical means. With a fey exceptions, 

notably toluene, this technique has provided values in good agreement 

with the predicted theoretical coefficients. 

The purpose of this work was three-fold: to enlarge the span of 

opereting conditions investigated with particular reference to extension 

of the cooling water velocity range; to determine whether the modified 

Wilson method was applicable to n-propyl and n-amyl alcohol; and to 

investigate n-butyl alcohol which was previously tested and did not 

exhibit a variation of the film coefficient with the heat transferred. 

The experimental results of this investigation showed the values 

obtained _'or the three alcohols to be in conformance with the behavior 



expected by Chu and were in food agreement with the predicted values. 

The Chu method was also found to be applicable over the larger eater 

flow range tested. In addition, the extended rano provided data that 

allowed more accurate charting of the graphical method. The inclusion 

of thie data was instrumental in determining the variation of the heat 

transfer coefficient, ho, with q for the n-butyl alcohol where none was 

found previously. It is felt that a similar Investigation over the 

extended range of water flow would clarify the variation of h for 

toluene, the only presently know exception to Chu's method. 
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INTRODUCTION 

The Nusselt equation (19) is generally used. in predicting the rate 

of but transfer between a cold surface and pure condensing vapors. 

However, the equation hes not been widely checked for a large range of 

materials due to difficulties in devising equipment suitable for accurate 

measurement of the film heat transfer coefficient, h 

Experimental work to date has been based on two methods of measuring 

the coefficient for organic vapors condensing on horizontal tubes; the 

embedded thermocouple method (15, 18, 20, Z6); and the Wilson method (28). 

The embedded thermocouple method measures the average condensing 

surface temperature to determine the film coefficient, relying upon an 

empirical equation for determining the cooling water resistance film. 

Rhodes end Younger (2) found that the use of fixed thermocouples to 

determine an average wall temperature involved certein assumptions of 

questionable validity. Rhodes and Younger also found discrepancies in 

the empirical calculation of the cooling water film resistance. Later 

work by Baker and Mueller (1) proved that there is no one position at 

which a thermocouple will indicate a representative tube wall surface 

temperature. 

Wilson (28) proposed an indirect method of determining the film 

coefficient without recourse to obtaining an acourate tube surface temp- 

erature. Rhodes and Younger employed the use of the Wilson method to 

obtain values that were in closer agreement with the Nusselt equation 

than were previously obtained by the thermocouple approach. 

Following this work, Chu, Flitoraft and Holeman (7) proposed a modi- 

fication of the Wilson method using a rigorous theoretical analysis that 

cave values in closer agreement with the Nusselt equation, 



The modified technique of Chu and associates was investigated further 

by Lipuma and Nirmiar (16) on several other organics.. 

This investigation was initiated to enlarge the number or homologous 

organic alcohols tested and to expand the range of operating conditions. 

Noma propyl, butyl and amyl alcohols have been tested for study. TL* 

predicted film coefficients will be calculated and compered with the 

observed values. 



THEORY 

For the case of a pure vapor condensing on a cold surface, the 

Nusselt equation (17, 19) is generally used to product the coefficients 

of beat transfer. AZ applied to the specific ease of a single horizon- 

tal cylindrical tube, the equation tat 

ho 2 0.725 (ff3/101.2f h/D0A4rbot)0•25 

The equation is based on the assumption that streamline flow exists in 

the condensate film with liquid flow by gravity only. kny acceleration 

effects due to vapor velocity are neglected. 

As previously noted, the major portion of the past work initiated 

to test the Nueselt equation relied upon the embedded thermocouple method 

 (15, 18, 20, 26). The data obtained was variable arid the values of he  

did not agree well with the Nusselt-predicted values. Since the 

condensate film thickness will vary around the perifery of the cylindrical tube, 

it was thought that the film surface temperature would also vary. Baker 

and Mueller (1) proved that the temperature variation was signlficant and 

that there was no pant on the surface of the tube that a thermocouple 

installation could be positioned to obtain a representative teapereture. 

Wilson (26) developed an indirect approach to circumvent the diffi- 

culties in obtaining representative temperature measurements basted on 

the following theory. The vapor to water heat flow is across a total water 

resistance composed of the vapor resistance av,ee resistance li )&rd 

for eieplieitya=rrleiltemee composed of a constant and the water 

velocity 

S ay Pi Ity atia .8 II 

This equation assumes R. to be independant of the sealing water rate. 



In later work Rhodes and Younger (25) proved that Rv was affected 

by the water rate and postulated that 

Rv Rvo b/V°.11 III 

Further work was undertaken by Beatty and Kate (3) using equation III in 

marking with finned tubes, but maintained constant water temperatures to 

minimise its effect on the water film. 

To other investigators in the field it appeared that the Wilma 

method and its modifications were empirical and fundamentally unsound. 

Chu, Flitcraft and Holman (7) proposed a modification of the Wilson 

method based an a rigorous theoretical relationship. The Chu modifica- 

tion forms the basis for this investigation. 

It was pointed out by Chu and associates that the group of terms 

( kf3 p f2g NIA f 25 

appears to regain constant for most organic solvents. The values of the 

group (kr3f t2i Ahtf)"25 for various homologous alcohols have been 

listed in Table 1 for ranges of temperatures where data are available 

(11, 23). 

For steady state heat transfer 

q hokat IV 

and based on the !basalt equation with substitution of a constant K for 

the grouping as noted above, then 

ho  t oc  
• V 

and results in an equation for ho  as a function of the heat transferred. 

q K01 i1/3 
-1o =  K" - 1 

It can be seen that a log-log plot of no  versus q should give a 

straight line of slope minus one third. Substituting equation VI in the 



usual expression of over-all thermal reeiatance from the condensing vapor 

to the cooling ester, then 
(D40.2 

rg; 1;47; 050 (If U.Ullt41"8 VII 

Inspection of equation VII for constant q shows Kw  to be netliFible„ 

constant ankt thus thr only variEiblee for a viven tube Axe V, t sad the 

value of 1/Uo. Further, a plot of IfEloAc  versus  1 x should 
0.03-WV" 

yield a straight line at equal, values of q. 

The inttreept of this line equals 1/h0A0  Y xjtwaay and can be used 

to calculzAe aim* 

* at t: 1 x 
q 

and 

1 . . 
-- Fircav 

Thus by obtaining several seta of experimental data ouch that each 

set maintained & constant over.all vapor to water teverature difference 

at varying water flows, and plotting q versus water flow 1 x 103 
TI-rar=" " 1  111V 

it is possible to obtain two or more sets of conditions where q is equal. 

The overall temperature difference is varied I elterier the absolute 

pressure in the system. When q is equal, the ht  value would be equal 

and a plot of 1/W A0  versus the water flow provides tre intercept value 

equal to 1 A x with be  deterained by equation IX. 



Natio of (kt3,f2g )itAfP.25 at Different Temperatures 

Compound:   
Upper Temp. 

 °F  
Lower Temp. 

°F  Ratio 

Methyl Alcohol 72 63 1.02 

1 - Propyl Alcohol 80 69 1.13 

n - Propyl Alcohol 95 60 1.11 

n - Butyl Alcohol 98 86 1.09 

a - Amyl Alcohol 105 75 1.07 

n - Beryl Alcohol 100 50 1.07 



DESCRIPTION OF APPARATUS 

The equipment used in this work was constructed by Lipase and 

Nirmaier (16) for a previous thesis and modified to extend the range of 

operating conditions. The for portions of the unit as shown in Flores 

I and 2 included kettle, horizonttal tube condenser, a cold water cir- 

culating system and a vacuum pump. 

The vapor kettle was of five gallon capacity, 316 stainless steel 

throughout and jacketed for a maximum of 90 Steam flow to the 

kettle was controlled at 1 to 10 P.S.I.G. with a spring operated cash 

valve. 

The horizontal tube condenser consisted of an 0.375 inch O.D. brass 

tube with a wall thickness of 0.035 inches and a heat transfer length of 

24 inches, providing a surface area of 0.196 sq. ft. The metal 

conducivity was 60 BTU/(hr.) (sq. ft.) (°F/ft.). The annular vapor space was 

a 2.5 inch, Schedule 40, 316 stainless steel pipe flanged at both ems.. 

Vapors passed to the condenser annulus frog: Ult. kettle through 

three 0.5 inch diameter tubes. Condensate returned to the kettle through 

two 0.5 inch tubes. The return lines were provided with three inch liquid 

seal traps. 

Emcees vapors passed to a final glass  Condenser for return to the 

kettle through a 15 inch liquid zeal trap. 

The pot temperature was measured with a 0-150°C thermometer while 

excess vapor from the test condenser was measured with a to 101°C or 

99 to 201°C thermometer s required. The vapor temperatures were read 

in 0.1°C increments. A thermocouple was installed in the annulus to 

record the condensate file temperature. 



The cooling water system consisted at a centrifical pump rated for 

80 gallons at an 80 ft. head and 1.0 specific gravity. Constant head was 

provided by two fifty-five gallon drums equipped for heating or cooling. 

Water flow to the system was controlled and measured though alternate 

Fischer-Porter flowrators of 13.6 and 0.91 gallons per minute. 

The condenser inlet and outlet water temperatures were measured with 

a 0 to 50°C thermometer graduated in 0.1°C increments and a 0 to 5°C 

Beckmann thermometer that could be read to .01°C. 

The desired system vacuum was obtained with a Cenco-Hypervac 4 pump 

ratod at 1.44 cubic feet per minute of air. Vacuum control was maintained 

with a Cartesian manostat and measured with a mercury manometer. 

All hot surfaces on the vapor with were heavily insulated. Cooling 

water lines were insulated adjacent to the measuring thermometers. The 

entire condenser sae located in a plywood box and packed with Perlite to 

reduce heat losses in the shell. 

The alcohols used were reagent grade with boiling ranges of less 

than 100. 



SCHEMATIC FLOW SHEET OF APPARATUS 

FIGURE 1  



FIGURE 2 

EXPERIMENTAL APPARATUS 



EXPERIMENTAL PROCEDURE 

The system was evacuated to 29.5 inches of mercury vacuum 4nd tested 

for leaks. The pump was stopped and the unit considered air-tight it no 

noticeable change in absolute pressure occurred in twenty minutes. The 

test alcohol was charged to the kettle and vacuum maintained in the system 

equivalent to the alcohol vapor pressure in order to minimize non-condensables. 

The Beckmann readings on the cooling water line were taken to determine 

the difference in readings be the two Beckmann columns at zero beat 

flow. Except where new absolute levels were required, these readings were 

used consistently. 

In starting up the system it was customary to by-pass the manostat 

for faster evacuation. Then the pump was etopped until the application 

of heat on the kettle had raised the vapor pressure in the system to the 

desired level. The manostat was set, the pump started and an air bleed 

introduced to maintain the desired vacuum. It was deemed necessary to use 

this approach to reduce  the possibility of introducing air into the eon. 

denser annulus. 

The beat to the kettle was raised gradually until an excess of vapory 

was passing into the final condenser. 

The system required fifteen to thirty minutes to reach steady-state 

conditions. At this point four sets of readings were taken and averaged 

to obtain one run. The readings included the rotameter setting system 

vacuum, pot temperature, vapor temperature, condensate film temperature 

and the absolute and Beckmann temperature readings. 

Due to the wide range of water flows investigated, it was often 

necessary to change the feed water temperature to the condenser is order 

to maintain a consistent vapor to average coolant temperature difference. 



EXPERIMENTAL RESULTS AND TREATMENT OF DATA 

The experimental results for butyl, amyl and propyl alcohol are 

tabulated in Tables 2, 3 and 4. The Tables also include the calculated 

values of the Wilson factor  1 x 103 . Plots of the Nilson factor 
11 } AAlt)V0‘8 

versus the heat transferred, q, are shown in Figures 3, 5 and 1. 

The heat transfer coefficientes ho  were obtained by drawing a seri** 

of parallel lines at constant host loads tough the vapor to water tem-

perature difference curves of Figures 3, 5 and 7. For each intersection 

theft at constant haat load q and a value of (1 x 103)/(1 } .0110V0) 

vas read. The (1. x 103)1(1 } .0110V"/ value was then plotted against 

the correspondingAtiq. The results are straight lines which were WV" 

trapolated to the ordinates at (  3i x 103 ) t0. The intercepts 
(1 } .01100v08) • 

represent the value of At/q or 1/U0A0  at infinite water flow. At 

infinite water flow the water film resistance is negligible and the value 

of he  can be calculated from Equation 



TAKE 
TABULATED RESULTS n-BUTYL ALCOHOL  

RUN 
le). 

In 
WATElt 
TYY.P. 

DC 

Ana 
TEAP. 
RIFS 
oc, 

V 'AiOR 
TEO. 

oo 

OVERALL 
WAIL 140 
VTAPCS. 

 soil 

artit 
FL 

W 
1002 

NEAT 
DUfl 

Q 
iri 04 

3. X 103r" 17r:tar- 

1 3135 143 93.00 81.33 3300 617.4 0.970 -- 
2 10.90 1.26 93.00 81.47 2640 A)80 3.16 
3 11.20 1.67 92.85 80.81 1980 5940 1.44 
4 11.50 2.45 92.80 80.07 3.320 5830 1.95 
5 11.00 3.10 92.80 80.25 980 5480 2.55 

6 10.65 4.40 92.85 80.00 650 5150 3.38 
7 9.70 6.27 92.85 80.01 425 4800 690 
8 8.90 7.50 93.00 80.35 335 4530 6.12 
9 7.90 9.60 93.00 80.30 250 4330 7.50_.. 

10 3.0.90 8.80 80.80 65.50 250 .3960 7.30 
U 11.80 6.80 80.80 6l;.60 335 4090 5.93 
12 12.53 5.35 80.80 65.62 425 4080 4.76 
13 13.10 3.93 80.70 65.63 650 4600 3.40 
14 13.15 2.74 81.00 65.86 980 4830 2.45 
15 13.95 2.3.0 81.00 66.0o 3320 1980 1.935 
16 1.3.95 1.16 81.3.0 66.43 1980 5160 1.405 
17 13.80 1.10 81.20 66.85 2610 5230 1.124 
18 
19 

14.00 
11.20 

0.91 
1.14 

81.15 
10540 

66.70 
93.23 

3300 
3300 

5410 
6770 

0.935 
1.04 - - 

20 11.10 1.1/3  105.05 93.25 2640 6650 1.16 

21 11.00 1.88 105.10 9 3.16 1984 66)0 1.45 
22 10.80 2.60 105.20 93.10 1320 6170 2.01 
23 10.40 3.50 105.05 92.90 980 6180 2.54 
24 9.60 5.05 3.04.95 92.83 650 5910 3.55 
25 8-55 7.02 104.95 92.89 425 5370 4.98 

26 7.80 8.30 104.90 92.95 335 5000 6.05 
27 6.60 10.50 105.00 93.15 2510r 4.120 7 . 62_____ 
28 12.20 1.05 93.40 80.66 3300 6230 0.97 
29 12.15 1.31 93.25 80.44 2640 6220 1.1.3 
30 11.70 1.60 93.20 80.70 1980 5700 1.47 

31 11.10 2.52 93.05 30.39 1320 6000 1.92 
32 .11.10 3.04 93.10 80.48 980 5360 2.57 
33 10.80 4.32 93.00 80.04 650 5040 3.161. 
34 9.75 6.39 92.95 80.00 425 4880 4.84 
35 8.80 7.62 92.80 80410 335 46c0 6.06 



TABLE 2 (COPT ) 
TAPULAT ItEl'LLITtt nwilUTTL. ALCOHOL I  

RUN 
NO. 

txtrt 
litert- R 
Tor. 
oc 

WATIM 
TEMP. 
Res fir 
ct 

Ural 
T MN 

Gic 

OVELIALL 
WATER. 
Welt 
T °C 

WATL1 
FLf 

IN 
LB 

1*T 
DUTY 

Q 
FITI1 

I X  1.13**0 .8 
1 It -3!11i 

36 8.05 9.45 92.90 80.13 250 4250 7.61 
37 14.40 0,98 81..35 66.36 3300 520 0430 
38 14.35 1,13 81.42 66.50 2640 5370 1.12 
29 14.20 1.50 81.45 66.50 1980 5330 1.38 
It) 114.00 2,00 81. 3D 66.30 1320 4750 1.95 

1.1 13.75 2,80 81.06 65.91 980 4930 2.39 
142 13.10 3,85 80.95 6543 650 4500 3.48 
43 12.30 5.45 80.87 65.85 425 4370 440 44 12.70 6•9 7 80.92 65.73 335 4200 5,81 
16 10.95 9.Q1 80090 65.45 25c3 4050 Mt 

46 U.50 1.3.0 105.30 93.25 3300 6514 1.06 
47 ILIA 1,45 105.25 93.13 2640 6880 1.32 
48 11,35 1.80 105.05 92.80 vac 6410 1.51 
1$ 10.85 2.72 105.00 92.79 1.320 6470 1.96 
50 10.60 3.41 104,90 92.60 960 6000 2.61 

51 9.90 695 10 4.65 92.47 650 5790 3,63 
52 6.70 6.86 104410 92067 425 5230 5.10 53 7.95 8.45 104.70 92.53 335 5100 5.97 54 6.80 10.70 1014.75 92.60 250 alui 7.60 



FIGURE 3 - VARIATION OF HEAT TRANSFER RATE WITH WATER RATE 



FIGURE 4 _ OVER-ALL THERMAL RESISTANCE AND WATER RATE 



TABLE 3 
TABULATED t.,11 frelitiTIM • noont, ALculac, 

UN 
NO. 

INLET 
.Ark.:} 

TBM F. 
°C 

WAT $ 
TTAF. 
RILE 
°C 

VAPOR 
T f 24 i-  • 

°C _ 

°MALL 
WATii.R.. 
VAPOR 
T A°C 

-*AM 
FLOW 

V 
LBAR 

NUT 
DINT 

(4 
in iiiiiR 

, r,,,fir.t;' •6  1 x ....-- .  
1 fg cr.olit 

55 12.145 0.87 82.50 69.61 334 5170 0.951 
56 7.2.110 1.03 82.35 40.43 2611G 1,900 1.14 
57 .12.35 1.37 82.10 69.06 1960 4880 1.143 
58 12.20 2.05 82.15 68.93 1320 14870 1.97 
59 11.95 2.19 82.00 68.80 980 4400 2.52 

60 U.14 3.59 81.95 66.75 650 law 3. ky 
61 10.60 5.22 81.80 68.% 425 1400 4.08 
62 10.05 6.41 81.75 68.50 335 3860 5,92 
63 8.80 8.30 81.60 68.65 250 3730 7.51 
64 1)..00 0.97 93.50 82.03. 3300 5760 

65 11.10 1.18 93.50 81.81 2640 5600 1.16 
66 10.95 1.52 9 3.45 81.714 1980 5410 1.45 
67 10.70  2.214  93.35 81.53 1320 5320 1.99 
68 10.55 2.86 93.20 81.22 980 5040 2.54 
69 10.140 4.10 93.20 80.75 650 4790 3.51 

70 9.75 5.81 93.15 80.50 425 400 14.93 
71 9.20 6.83 93.15 80.53 335 4120 5.95 
72 8.15 6.75 93.10 80.57 250 3940 7.53 
73 11.25 1.05 100.60 88.83 3300 6230 0.97 
74 11.15 1.29 100.60 88.80 2640 6130 1.16 

75 10.90 1.66 3i.,0.65 68.92 1980 5920 1.44 
76 10.50 2.36 100.70 89.02 1320 5610 2.00 
77 10.20 3.3.3 100.75 88.88 980 5520 2.53 
76 9.65 4.35 100.90 89.07 650 5090 3.51 
79 8.80 6.3.0 101.00 89.15 1425 /4670 4.90 

80 8.15 7.44 100.90 89.03 335 14480 5.94 
81 7.30 9.23 100.95 849.03 250 4160 7.61 
82 12.60 0,814 02.20 69.18 3300 1Q80 0.97 
83 12.50 1.05 82.35 69.32 2640 1)980 1.12 
64 12.35 1.32 52.20 69.19 1980 1.700 1.47 

85 12.10 1.93. 82.10 69.04 1320 4530 2.20 
86 21,85 2.55 82,05 68.93 980 /4500 14.28 
87 11.140 3.61 81.90 68.70 650 4220 3.147 
68 10.80 5.16 81.75 68.37 425 3960 14.91 
89 10.15 6.27 81.70 68.141 335 3780 6.00 



TABU3 (c HIT) 
TABULala REEATO n'ARIL ALCOHOL 

RUN 
NO. 

Ian 
WATER 
TEMP. 
°C 

WATIR 
T.P.I 
RILE 
°C 

VAPOR 
TLAF. 

°O 

OVERALL 
.ATER.,.. 
VAPOR 
To°0 

WATXR 
FLOW 
U 

LB/HR 

HUT 
DUTY 
at 
XT U/NR 

1 z 10311"8 
1 pi 0,6at 

90 9.05 8.06 81. 80 66.72 250 3640 7.62 
91 11,05 143 100,70 89.13 3300 4120 0.98 
92 11.00 1.27 3.00.70 89.07 2640 6030 1.20 
93 10.80 1.0 10040 86.94 1980 5960 1,41 
94 10.40 2.40 100.50 88.90 1320 500 1.98 

95 10.15 349 100.55 68,86 980 5440 2.97 
96 9.50 4.52 100.65 88.89 65) 5280 )4115 
97 8.89 6.27 100.70 88.71 425 4800 14.98 
98 8.20 7,23 100.75 88.93 335 14370 6.01 
99 7.50 9.36 100,70 88.62 250 1420 7,67 

100 11.35 0.94 93.05 81.23 3300 5590 1.00 
101 11.25 1.19 9340 81.25 2640 5650 1,16 
2.02 31.05 1.54 93.20 81.38 3980 5480 1.42 
1.03 10.60 2.19 93.25 6145 1.320 5200 2.02 
IA 10,50 2.91 93.15 8139 980 120 2.50 

105 10.10 4.02 93.00 80.89 650 4700 3.55 
106 9.05 6,03. 92.80 80.75 425 100 14.85 
107 8.9a 6.95 92.70 60.72 335 4180 5.89 
108 7.40 8.80 92.75 80.95 250 4010 7.53. 



FIGURE 5 - VARIATION OF HEAT TRANSFER RATE WITH WATER RATE 



FIGURE 6 - OVER-ALL THERMAL RESISTANCE AND WATER RATE 



IWAI 
NO. 

_ 

MIT 
WATY.R 
?PIP. 

41/4  

TABLIATili 10123ULTISTANZ;n1PEOP2L ALCOSOL 

bitAVS VAPOR OVUiALL fiATER Mal 
MP. Ti,141,. WATER. riasi DUTY 
', it F. UM W Q 

CC CC T4°0 LIVPIR DTUAR 

1 x 103,14).8 
1-77:51n 

109 9.75 1,02 92.90 82.64 3300 6060 0.985 
110 9.90 1.25 93.10 82.57 2640 9,30 1.185 
In 10.15 1.62 93.20 82«24 1963 5770 1.47 
112 30.20 2.40 93.40 82.00 1320 5690 2.03 
113 10.00 3.13 93.45 81.89 980 5520 2.59 

124 9.5.5 4.43 93.40 81.63 650 5200 3.56 
12,5 8.40 6.32 93.20 81.64 425 4920 5.00 
116 7.55 7.80 93.20 61.75 335 4700 6.03 
117 6.85 10.10 93.15 81.25 250 4550 7.63 
3.3.8 3.1.80 0.92 83.240 71.34 3300 5470 0.97 
119 11.55 1.11 83.50 71.40 2640 5270 1.16 
120 21.40 1.49 83.65 71.50 1980 5310 1.416 
121 11.25 2.17 83.55 71.21 1320 5150 2.01 
122 11.05 2.83 83.50 71.03 980 4990 2.54 
123 10.30 130 83.35 71.00 650 4800 3.54 

124 9.45 6.06 83.20 70.72 425 4630 4.95 
1?5 6.80 7.31 83.15 70.69 .335 4400 5.95 
126 7.55 9.68 83.40 71.01 250 4360 7.57 
127 11.00 0.86 74.93 6347 3300 5120 0.970 
128 10.65 1.05 74.50 63.32 2610 4980 1.172 
129 10.40 1.37 74.40 63.31 1980 4360 1.468 
130 9.95 2.03 74.45 63.48 1320 ti830 2.403 
131 9.60 2.61 74.50 63.58 980 4610 2.58 
132 9.05 3.84 74.55 63.58 650 4490 3.58 
133 8.10 5.77 74.50 63.51. 425 4410 5.02 

134 7.35 7.01 74.50 63.65 335 4230 6.07 
135 6.80 9.20 74.50 63.10 250 4130 7.68 
136 10.55 1.04 93.15 82.08 3300 6180 0.973 
137 10.25 1.31 93.20 82.29 2640 6220 1470 
138 10.10 1.70 93.35 82.40 1980 6040 1.463 
139 9.95 2.44 93.50 82.33 1320 5790 2.03 
UP 9.70 3.16 93.40 82,12 980 5570 2.57 
14 9.20 4.37 93.20 81.83. 650 5130 3.57 
142 8.05 6.26 93.05 81.87 425 4790 4.99 
143 7.20 7.93 93.00 81.84 335 780 6,02 



TABLE it (ocaq,) 
TADULATp ArZULCIS rosf.ROFYL ALCOHOL 

RUS 
NO. 

INLET 
WATER 
TM. 
C 0. 

'DER 
TEM. 
fila 
cc 

VAPOR 
Taff'. 

60 

cvlaALL 
ATM- 
VAPOR 
7 PO ..A- 

WAT1R 
FLOW 
W 
Llyft 

HEAT 
DUTY 

Q 
BTOR 

1 z 1044448 
i , o.tilli 

1114 6.60 10.20 92.95 81.25 250 14580 7.63 
145 11.75 0.95 53.25 71.02 3300 5640 0.972 
146 11.60 1.16 83.35 71.17 2640 5510 1.16 
147 11.50 1.57 83.50 71.22 1980 5600 1.45 
148 11.05 2.37 83.50 71.26 1320 5580 2.03. 

110 10.90 2.95 83.55 71.17 980 5210 2.54 
150 10.60 14.32 83.60 70.84 650 5050 3.51 
151 10.05 6.15 83.50 70.37 1425 14700 4.90 
152 9.20 7.48 83.50 70.56 335 4520 5.92 
1.53 8.05 9.80 83.16 70.50 250 41420 7.52 
1511 10.90 0.85 74.65 63.32 3300 5040 0.972 
155 10.80 1.06 714.55 63.22 2640 5030 1.167 
156 10,55 1.140 74.50 63.25 1980 L080 1.465 
157 10.30 2.00 714.50 63.20 1320 14750 2.01 
156 9.90 2.67 74.50 63.26 980 4710 2.55 

159 9.15 3.89 714.16 63.35 650 4550 3.56 
160 8.30 5.62 74.40 63.29 125 4300 4.99 
161 7.75 6.95 74.50 63.27 3.35 14180 6.02 
162 6.80 9.30 74.50 63.05 250 142.80 7.66 
163 21.80 0.91 83.80 71.55 3300 5420 0.960 
164 11.145 1.14 83.65 71.63 26140 51420 1.155 165 11.30 1.148 83.60 71.56 1980 5270 1.45 166 11.20 2.114 83.50 71.23 1320 5080 2.00 
167 10.75 2.87 83.50 71.31 980 5070 2.55 168 10.30 14.1.8 83.90 71.11 650 1900 3.52 
169 9.145 5.97 83.50 71.06 425 14570 14.94 170 8.80 7.118 83.145 70.91 335 4500 5.96 
3.71 7.35 9.61 83.50 71.35 250 14330 7.58 172 10.05 0.99 92.90 82.35 3300 5880 0.989 173 10.00 1.27 92.95 82.31 ,.6/40 6030 1.18 
174 9.90 1.614 93.15 82.43 1980 5830 1./47 175 9.75 2.35 93.20 82.27 1320 5580 2.05 176 9.60 3.07 93.20 82.06 980. 51420 2.63 
177 6.95 4.55 93.20 81.97 650 5.330 3.48 178 8.00 6.57 93.25 81.96 425 5030 4.95 
179 7.145 7.90 93.30 81.90 :35 14770 5.97 
180 6.75 10.15 93.25 81.42 250 4580 7.57 



FIGURE 7 - VARIATION OF HEAT TRANSFER RATE WITH WATER RATE 



FIGURE 8 - OVER-ALL THERMAL RESISTANCE AND WATER RATE 



DISCUSSION OF RESULTS  
 

The results of this investigation have shown that the film heat 

transfer coeffielent, h  varies inversely with q for n-propyl, n-butyl 

and n-amyl alcohol. For ra.propyl alcohol, he  varies from 236 to 264 at 

heat flow of 5600 to 4140t BtWhr. The Values for n•rnbutil are 241 to 212 

with q varying between 6200 and 41$101  while naargyl vartaa from nO to 250 

at q values of 56G0 to tom. 

The valuer were obtained from two or three Pointe ad whown on nom 

4, 6 and 8. The nomber of points is determined by the elope of the marves 

in Figures 3, 5 and 7, and a deer ease in the OWer-all toapereture difference 

would require a large number of eAotriments witti a tendency for overlapping 

of the date* The anlargament of the temperature difference curves is a 

variable dotcrained by equipment limitations* 

The maeuracy of the film coefficient values, obtain-0d is estimated to 

be accurate to 1 10%0  basod on the aceuraty of the Ex/Olio-al method and 

the ecaperistental error analyeis* The cooling water temperature rise was 

read to 0420C* The error at the lower t temperature rice eorresponding 

to high water flows was laza than t 2%* The deviations of the panto in 

Figures 3, 5 and 7 ware t 2% or lava. The water flow area accurate to 

within 1:3%* At low flows a larger deviation was poseible due to the 

lk&tted flow in the retameers t. eor thcet candition44 it ensouetomar, to 

obeck wealth the ware water return to provide An aaocurrtL water ba.i.aroo. 

Rased on the above, it is believed that the value a Ulf, ot3Scm0 etetrioient 

is accurate within 1:10%. 

The rel:Aien of Ito  to q at determined by Chu plotted on logi.log paper 

should civeta otrall7ht line of elope equal to Mir one-third* Ttle slopes 

for the three alcohols aro plott.&d in Firtare 9. The a1opet for n-propyl, 



n-butyl and n-amyl are .0.437, ..0.344 and -0.385, respectively. In the 

main, the previous data of Chu (7) with values of .0.374 and -0.307 for 

ethyl acetate and benzene, and Lipuma and Nirmaier (16) with values of 

.0.278 and -0.105 for methyl alcohol and i-propyl alcohol agrees with the 

above values in the variation from the predicted slope of .0.333. It is 

believed that this variation is a result of the limited number of points 

available for plotting Figures 4, 6 and 8. A small displacement of the 

curve effects a large change in the value of 0 t/Q at zero Wilson factor 

and results in a change in the slopes of Figure 9. Accordingly, it is 

felt that the variation is an experimental error and not the result of an 

unknown parameter. 

Chu, Flitcraft and Holeman found the slope of toluene to be positive. 

It would be expected that further work on toluene and other homologous 

organics over an extended operating range would define more clearly the 

true elope. 

Lipuma and Nirmaier substantiated the work of Chu with the excep- 

tion of n-butyl alcohol where a variation with q was not noticed. N-butyl 

alcohol was investigated in this work and a variation with q was found. 

The earlier data for n-butyl has been rechecked and except for the tem- 

perature correction for fluid friction, as noted in the Appendix section, 

is in agreement with the current work. The exclusion of the temperature 

correction and the extended water flows used in this work increases the 

slopes of the curves in Figures 3, 5 and 7, and accounts for the increased 

slope of ho  in Figure 9. 

The comparison of the observed values of ho with the calculated 

values of ho  by the Nueselt equation are listed in Table 5. The agree- 

ment between the two values is considered to be good for all three alcohols 

tested, although the maximum variation is 11%. In all cases the predicted 



values are higher then the observed values. This is in agreement with 

all previous work. Unfortunately, the physical data available for the 

three alcohols is meagre and where available from sources (2, 9, 10, 11) 

is not in good agreement, Because of the variability of physical data 

for the three alcohols, it is felt that study of the relationship between 

hobs./ale. to molecular weight or other parameters is not warranted. 

The effect of sub-cooling 'nab often been investigated in similar 

work, tut it is felt to be of negligible effect for this investigation 

due to the temperature difference between the saturated vapor and 

the condensate temperature :As checked by the annular thermocouple, 

The effect of condenser tube fouling appears to be negligible since 

the tube was dismantled and checked periodically or scale or dirt 

build-up. The presence of non-condensable fouling was minimized by the 

method of operation, as noted in a previous section. 

In comparing the hobs. versus the hears. from the Nusselt equation, 

the most serious source of error available appeared to be the possibility 

that excessive vapor flow in the test condenser would affect the condensing 

film thickness. As previously noted, the Nusselt equation assumes gravity 

flow without acceleration affects from the vapor velocity. For the 

alcohols used in this investigation excessive vapor velocity was noted at 

points of high vacuum with the high boilers during, excessive vaporise+ 

tion of low boilers at low vacuum. This was evidenced by "blowing" of 

the seal legs. The problem wee minimized by manual throttling of the 

steam to the jacket, but could better be controlled through use of 

tempered water for low boiling materials coupled with installation of a 

larger vapor space for the high vacuum work, 



TABLE 5 
COMPARISON BETWEEN OBSERVED AND CALCULATED HEAT TRANSFER 

COEFFICIENTS OF CONDENSING VAPOR 

q 

Btu/hr 

he Ratio of Observed 
to Theoretical h. 
Nusselt 

Observed Theoretical 

n-Propyl Alcohol 

5600 238 244 0.975 5300 245 252 0.972 
5000 252 268 0.940 
14600 259 279 0.928 
4400 264 280 

n-Butyl Alcohol 

0.916 

6200 242 269 0.900 
6000 245 274 0.895 
5800 2147  287 0.860 
5600 250  288 2  0.868 
5200 256 289 0.885 
4800 265 298 0.890 
14400 272 300 

n-Amyl Alcohol 

0.906 

5600 220 270 0.815 
5200 227 289 0.785 
4800 234 290 0 
4400 240 297 0  
4000 250 330 0.758 



FIGURE 9 

THE VARIATION OF HEAT TRANSFER COEFFICIENT OF 

CONDENSING VAPOR WITH RATE OF HEAT TRANSFER 



CONCLUSIONS  

The film coefficients of heat transfer, ho, have been obtained for 

the three aliphatic Alcohols, n-propyl, n-butyl and n-amyl. The theory 

of Chu, Flitcraft and Holeman that b0  is a function of the heat trans- 

ferred, q, has been substantiated. 

The organics and Clow rates touted in this work have extended con. 

siderably the range of operating conditions investigated for checking 

the validity of the Wilson method us modified by Chu and associates 

The range of the Wilson numbers investigated has been Increased by sixty 

per cent with water flows tested at Reynolds numbers of 4000 to 55,000. 

Good agreement was found between the observed coefficients and the 

coefficients calculated by the Nusselt equation. For the aliphatic 

alcohols tested at vapor pressures up to one atmosphere, it can be cone 

cluded that the Nusselt equation satisfactorily predicts the condensing 

film coefficient*. The effect of boat capacity at positive creatures is 

unknown. 

It is further concluded that the method at Chu and associates offers 

a satisfactory method of obtaining accurate film coefficients for con- 

densing organics, particularly where physical properties are unknown or 

variable, and application of the Nusselt equation is questionable. 



RECOMMENDATIONS 

The following recommendations are made: 

1. Conduct investigations of the aliphatic alcohols at high water 

rates with Wilson numbers of less than 1.0, and at low water 

rates of Wilson numbers above 8.0. Determine the variation 

from the Nusselt value, if any. 

2. investigate the values of ho  for the aliphatic alcohols at 

positive pressures. 

3. Initiate studies of another aeries or homologous organics. 

4. Further investigations mould include modification of the exist-

ing equipment to include: 

(a) tampered water system for vaporisation of low boiling 

point organics; 

(b) enlarged vapor annulus to reduce the effect of vapor 

velocity on the condensate film; 

(a) provide weighed water holding tanks for more accurate 

determination of the water flows; 

(d) provide a poeitive displacement water circulating pump 

to allow investigation of higher water flows than pos- 

sible in the existing equipment due to centrifugal pump 

head limitations 



NOMENCLATURE  

as  b, e e conetants. 

Aos Ai,  Aav - externals  !Alsides  and average surface area of a 
tube perpendiculer to the flow of heats  sq. ft. 

CP is heat capacity of condensates  Btu/lb./.F. 

D1, 

g 

: 

: 

inaides  outside diameter of tube, ft. 

gravitational constant, 4.17 x 100 ft./(hr)2. 

he,  Nibs,  heale : film coeffteients  obeerved film coefficient and 
caleulated f coefficient of condensate outside 
of a t.uhes  Btu (w) (07) (sq. ft.). 

k f re then al conductivity of condensate films  
9tu/(hr) (pc. ft.) (0V/ft.). 

kw  s• thermal conductivity of tube wall, Dtu/(hr) 
(sq, ft.) (PF/ft.). 

K : a constant. 

(Ix Q e rate of heat traeefers  litu/nr. 

'ri. = thermal resistances  (°V) (hr) j tus  hw  for tubs 
wall, RIF  for oondensine vapors  Elm  for condensate 
at infinite rats of flow of water, and n for 
total resistance (e 1/U0). 

t e teuveretures  0i or °C. t for water bulks  tf for 
condeesete films  to  for outelee tube eurfeees  
tsv  for eaturated vapor. 

At : tevp6rature difference acroas condensate, °F. 

Cs.T : overall (ester bulk to saturated vapor) temperature 
differences  PF. 

U0  a overall heat transfer coefficient based on outeide 
tube surface area Btu/(hr) (°Y) (e a. ft.). 

V : average velocity of flow, ft./see. leaped on a 
water density of 62.3 lb.eu. ft. (V e lb./hr. in 
the calculation procedures). 

21 : thicknose of tube walls  ft. 

AL - latent heat of vaporisation, Btu/lb. 



f, ,v z corsdonsisto alas, vapOr donsity#  ib•Atus 

14 absoluts viscosity of concensato film*  
ibti(hr) (ft.)• 
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FIGURE 10 LARGE ROTAMETER CALIBRATION CURVE 



FIGURE 11 SMALL ROTAMETER CALIBRATION CURVE 



REFERENCE CORRECTION (P BECKMANN THERMOMETERS  

Three 5°C Beckmann thermometers were used to measure the cooling 

water rise through the condenser tube. One of the instruments was 

positioned at the cold inlet permanently. The other two instruments 

were rotated as required to cover the maximum temperature rise of 10°C. 

No attempt was made to adjust the mercury columns to the same scale 

readings due to the wide temperature range and the difficulty in adjusting 

the absolute temperature level through alternate heating and cooling of 

the bulb. 

At the outset of the investigation, the temperature difference 

readings were obtained at sero heat flow and all three units calibrated 

with respect to each other. 

The 0-100°C thermometers were used as check points for the calibra-

tions. The temperature rise due to fluid friction noted by Lipuma and 

Nirmaier (16) was not found. The amount of temperature rise expected from 

fluid friction was calculated and found to be negligible except at full 

flow where the maximum temperature rise was 5 per cent of the temperature 

rise due to vapor condensation. 



TABU 6 
ORIGINAL DATA • D.aurti. ALOONOL  

RIM 
NO. 

ROTA. 
XETER 
11141 

/KIX! WAWA 
TERPERArtan 

AllSO. NMX. 
LIM MIN 
ac pc 

OUTLET stATIM 
TPARRATURR 

&WU MOS«,  
urn mai 

oc cpc_ 

VAPOR 
IIIMP. 

FILM TEMP. 

ec 

B 50.0 11.05 1.04 11.25 1.08 
1 50.0 11.15 1.13 12.20 2.20 93.00 3.63 85.5 
2 140.0 10.90 0.88 12.20 2.18 93.00 3.60 85.4 
3 30.0 11.20 1.23 12.90 2.94 92.85 3.60 85.4 
4 20.0 11.50 1.46 13.95 3.95 92.80 3.60 65.14 
5 15.0 11.00 0.95 14.10 4.09 92.80 3.60 85.14 
6 10.0 10,65 0.62 15.10 5.06 92.85 3.60 85.4 
13 100.0 s 8.140 2.314 14.70 1.514 
7 100.0 a 9.70 3.60 16.00 2.77 92.85 3.75 69.0 

60.0 a P.90 2.51 16.45 3.22 93.00 3.70 87.5 

9 60.0 a 7.90 1.07 17.50 14.37 93.00 3.70 87.5 
B. 60.0 s 10.85 0.65 19.25 3.07 

10 60.0 a 10.90 0.72 3.9.65 3.54 80.80 3.10 74.4 
11 60.0 is 11.60 0.61 18.0 1.43 80.80 3.10 74.4 
12 100.0 s 12.50 1.35 17.90 0.72 80.80 3.10 74.4 
1) 10.0 13.10 2.06 17.00 0.01 80.70 3.15 75.3 
B 10.0 13.60 3.62 16.08 2.82 
14 15.0 33.75 3.60 16.50 3.26 81.00 3.20 76.3 
35 20.0 13.95 3.82. 16.00 2.83 61.00 3.20 76.3 
2.6 30.0 13.95 3.83 15.45 2.20 81.10 3.20 76.3 
17 40.0 2,3.80 3.60 14.90 1.62 81.20 3.20 76.3 
32 50.0 1/4.00 3.814 114.95 1.67 81.15 3.20 76.3 

11 50.0 11.30 2.145 12.20 2.78 
19 50.0 11.20 2.37 12.35 2.914 105.00 4.10 96.3 
20 140.0 22.10 2.25 12.55 3. oe 105.05 4.10 96.3 
El 30.0 11.00 2.13 3.2.90 3.144 105.10 4.15 97.3 
22 20.0 10,80 1.95 13.50 3.96 105.20 14.15 974 
23 15.0 10.40 1.57 3.3.95 4.50 105.05 4.15 97.3 
B 30.0 9.80 3.62 114.140 1.34 
214 1.0.0 9.60 3.45 14.75 1.82 10/4.95 1.20 98.7 

25 100.0 a 8.55 2.33 35.50 2.47 104.95 14.20 96 .7 
26 80.0 a 7.80 1.60 3.6.05 3.02 1014.90 4.20 98.7 
27 60.0a 6.60 0.38 17•35 4.00 105.00 4.15 97.3 
B 50.0 12.30 3.43 32.50 2.95 
20 50.0 12.20 3.32 13.20 3.69 93.140 3.00 89.8 



RUW 
RO. 

ROTAm 
MT* 
RD° 

% 

TABLZ 6 (CON,T.) 
ORIGINAL DATA m a..BUTXL ALCOHOL 

ULPT WATER OUTLXT wATra VAPOR 
VI /FOAM* TRYViRATURE MP. 

A130.. MN- ABS°. BROX- 
urrit Num LUT! MIN 
oe oC et oe et 

7/L 

14V 

TEIT. 

0 

29 Is0.0 12.35 3.29 13.40 3.92 93.25 3.76 89.0 
30 30.0 11.70 2.85 13.35 3.77 93.20 3.70 87.6 
31 20.0 11.140 2.60 13.95 3.44 93.05 3.70 87.6 
32 15.0 11.10 2.25 14.10 3.61-  9 3.68 86.9 
3 io.0 10.75 4.12 15.00 1.74 

33 10.0 10.30 3.97 15.10 1.86 93.00 3.72 86.9 
34 100.0 is 9.75 2.90 16.10 2.66 92.95 3.65 85.5 
35 60.0 s e.80 1.93 16.35 3.12 92.80 3.63 87.7 
36 6o.o s 8.05 1.11 17.55 403 92.90 3.70 87.6 
B 504 14.45 4.72 114.60 2.12 

37 50.0 114.140 4.61 15.35 2.84 81.35 3.30 78.6 
38 140.0 14.35 4.58 15.50 2.96 81.42 3.34 79.6 
39 30.0 214.20 )4.39 15.65 3.14 81.42 3.38 80.6 
40 20.0 114.00 4.21 16.05 3./46 61.30 3.28 76.2 
141 15.0 13.75 3.97 16.145 4.02 81.06 3.15 75.3 
B 10.0 13.40 3.68 16.80 1.14 
42 10.0 13.10 3.41 17.00 1.32 80.95 3.00 72.1 
43 100.0 a 12.30 2.58 17.80 2.09 60.87 2.96 71.6 
44 80.0 a 11.70 1.914 16.65 2.97 80.92 2.90 69,9 
145 60.0 • 10.95 1.27 19.90 14.34 80.90 2.92 70.4 

13 504 11.70 1.95 12.60 2.76 
146 50.0 12.50 1.72 12.65 2.73 105.30 14.30 100.0 
147 40.0 11.140 1.60 12.95 2.96 105.25 14.27 99.6 
148 30.0 11.35 1.53 14.10 3.214 105.05 4.22 98.7 
149 20.0 10.65 1.01 33.60 3.64 105.00 14.18 96.4 
50 15.0 20.60 0.75 3.1:.3.0 4.07 104.90 4.10 96.3 
B 10.0 20.00 14.43 14.65 1.147 
53. 10.4 9.90 14.31 14..r.0 1.65 104.85 14.13 97.1 
52 100.0s e.703 3.17 15.55 2.42 104.80 4.00 95.8 
53 80.0 e 7.95 2.30 16.45 3.14 1014.70 4.10 96.3 
516 60.0 s 6.80 1.26 17.140 14.35 204.75 14.12 96.8 



RUN 
NO, 

ROTAm 
vST 4R 
RUC 

Tasts 7 
ORIGIOAL DADA 46 zwittilL LLCCOOL  

inn tAtAT YR =UT ALTER VA i 0R 
T 'ill PhliAT URF ?MK RAT URt TOW. 

Asti, BECK.. 103504, MK* 
LUTE" MANN LUTE SAM 

aC 00 oc„ oc . oc 

FILM TM?. 

Av at T 

B 50.0 12.50 4.73 12.60 2.42 
55 50.0 12.45 4.70 13.40 3.16 82.9) 3.20 76.3 
56 40.0 12.40 4.66 13.50 3.26 82.35 3.15 75,3 
57 30.0 1.2.35 4, 13.75 3.55 1.1•10 3.20 76.3 
58 20.0 12.20 4.38 14.30 4.02 82.15 3.10 74.4 

59 15.0 11.95 4.20 14.10 4.28 82.00 3.10 74.4 
8 10.0 12.50 4.7,3 14.80 1.03 
60 10.0 11,40 3.61 15.05 1.20 81.95 3.00 72.1 
61 100.0 a 10.60 2.84 15.75 2.06 81„80 2.90 0.9 
62 80.0 a 31405 2.23 16.50 2.64 81.75 2.95 71.0 

63 60.0a 8.80 1.05 17.05 3.35 81.60 3.05 73.6 
s 50.0 11.05 3.34 32.00 1.88 
64 50.0 3.1.00 3.30 11.95 1.86 93.50 3.50 84.2 
65 40.0 11.10 3.39 12.25 2.16 93.50 3.50 84.2 
66 30.0 10.95 3.20 12.45 2.31 93.45 3.47 83.5 
67 20.0 10.70 2.97 13.00 2.80 93.35 3.40 81.6 
66 15.0 10.55 2.82 13.35 3.27 93.20 3.26 78.4 

13 10.0 30.9) 2.79 14.45 0.68 
69 10.0 10.40 2.67 14.55 0.71 93.20 3.4 78.0 
70 100.0 a 9.75 2.00 11;.60 1.75 93.15 3.20 76.3 

71 80.0 s 9.20 1.47 16.05 2.k4 93.15 3.18 75.8 
72 40.0 s 8.15 0.41 16.85 3.10 93.10 3.15 75.3 
s 50.0 11440 3.82 1.1.30 1.63 
73 9).,0 11.25 3.86 12.30 2.62 100.64 4.00 94.0 
74 40.0 11.15 3.75 12,40 2./5 100.60 3.95 93.0 

75 30.0 10.90 3.52 12.55 2.89 100.65 3.95 93.0 
76 20.0 10.50 3.13 2.1.85 3.20 100.70 3.95 93.0 
77 15.0 30.20 2.80 13.0) 3.64 100.75 4.00 94.0 
8 1.0.0 9.90 2.52 13.90 0.1.3 
78 3.0.0 9.65 2.26 3.4.05 0.22 100.90 4.00 94,0 

79 100.0 s 8.80 1.42 15.05 1.1.3 10140 3.9 5 93.0 
80 80.0 s 8.15 0.87 15.60 1.92 100.90 4.00 94.0 
81 604 a 7.30 0.02 16.15 2.86 100.95 4.05 95.1 
8 9).0 12.60 ...3.6 12.70 3.01 
82 50.0 3.2.60 5.17 1.3.',-,5 3.76 82.20 3.15 75.3 



Mali 
MO. 

ROTA. 
Ma rit 
no 

TAB= 7 WRIT.) 
ORIOAML DATA.. p.AMTL ALCOHOL 

ItIL7T-WAM OUTLPT WATat VAPOR 
TFITIRA111 :; MP ni, A ?tint MP, 

A 3SIN. MK- ABSO• M. 
Lim, nun ung tan 
*0 00 0c 0c 0c 

FILM Trw. 

mAr 0c 

83 40.0 12.50 5.05 13.50 3.85 62.35 3.10 74.4 
84 30.0 12.35 4.91 13.65 3.98 82.20 3.20 76.3 
85 20.0 12.10 4.68 14.15 4.23 82.10 3.25 77.5 
86 15.0 11.65 4.20 14.45 4.50 C2.05 3.20 76.3 
B 10.0 11.50 4.06 14.95 1.02 

87 10.0 21.40 3.97 15.05 1.10 81.90 3.10 74.4 
68 100.0 0 10.80 3.110 15.90 2.08 81.75 3.05 73.6 
89 80.0 0 10.15 2.78 16.70 2.57 81.70 3.10 74.4 
90 60.0 0 9.05 1.57 17.15 3.15 E1.80 3.10 74.4 
P. 50.0 11.20 3.80 11.30 1.61 

91 50.0 11.05 3.64 22.10 2.3t 100.70 3.95 93.0 
92 40.0 22.00 3.59 12.35 2.57 100.70 3.95 93.0 
93 30.0 10.60 3.36 12.55 2.76 100.60 4.00 94.0 
94 20.0 10.40 2.9e 12.85 3.09 100.50 L.05 95.1 
95 15.0 10.35 2.70 13.20 3.50 100.55 4.10 96.3 

B 10.0 10.00 MO 14.00 0.05 
96 10.0 9.50 2.22 14.05 0.09 100.65 4.05 95.1 
97 100.0 • 6.85 1.43 3.54.5 1.35 100.70 11.00 914.0 
96 80.0 0 8.20 0.81 15.50 1.49 100.75 4.00 94.0 
99 60.0 0 7.50. 0.09 16.75 2.70 100.70 3.95 94.0 

B 50.0 11.30 3.90 11.40 1.71 
100 50.0 11.35 3.94 12.35 2.59 93.05 3.25 77.5 
101 40.0 12.25 3.87 12.45 2.77 93.10 3.30 78.6 
102 30.0 11.05 3.63 12.50 2.86 93.20 3.20 76.3 
103 20.0 10.60 3.18 16.85 3.08 93.25 3.15  75.3 

104 15.0 10.50 3.10 13.45 3.72 93.15 3.20 76.3 
D 10.0 10.25 2.65 14.10 0.3$ 
105 10.0 10.10 2.72 111.15 0.17 93.00 3.15 75.3 
106 100.0 0 9.05 1.66 15.15 1.12 92.80 3.10 74.4 
107 80.0r 8.50 1.14 15.50 1.54 92.70 3.10 74.4 

308 60.0 a 7.40 0.03 16.25 2.2 92.75 3.15 75.3 



RUN 
NO. 

TABLE 8 
ORIGINAL DATA .., >a-1710F11. AIGOINN, 

ROTA.. Inn MISR OUTLET WsTER IteOR 
MITER TENKRATURI. TiliFERATUtik rEmp. 
mic 

Astscs. gozE.. A060.. TACKi. 
WTI MANN LIME MANN 

 S *0 N *0 N. N 

FILM TEIF. 

:a °q. 
8 50.0 9,8D 3.05 9.90 0.63 
1f9 50.0 9.75 3.01 10.80 1.51 92.90 3.70 87.5 
110 40.0 9.90 3.13 11.3.0 1.86 93.10 3.75 89.0 
111 3t.0 10.3.5 3.42 1.1.75 2.52 93.20 3.7: 89.0 112 20.0 10.20 3.14k 12.65 3.32 93.40 3.75 89.0 
113 15,0 10.00 3.23 13.25 3.84 93.45 3.75 89.0 114 10.0 9.55 2.80 14.05 4.71 93.40 3.75 899.0 
8 10.0 8.60 1.85 14.50 1.63 
115 100.0 0 8.40 1.63 14.80 1.83 93.20 „i.80 89.8 
13.6 80.0s 7.55 0.82 15.35 2.50 9.5.20 3.75 89.0 
117 60.0 a 6.85 0.01 16.95 4.99 93.15 3.85 90.4 
B 50.0 11.60 4.87 11.70 2.45 
118 50.0 11.60 4.86 12.55 3.26 83.40 3.20 76.3 119 40.0 21.55 4.83. 12.70 3.14 83.50 3.20 76,3 
120 30.0 11.40 4.69 12.90 3.66 83.65 3.35 79.8 
1.21 20.0 11,25 4.60 13.55 4.25 83.55 3.35 79.8 122 1.5.0 11.05 4.38 14.00 4.69 83.50 3.35 79.8 
123 1.0.0 10.30 3.55 14.60 5.1.3 83.35 3.25 78.0 
0 10.0 9.60 2.87 15.00 2.13 
124 100.0 * 9.45 2.75 1r...9.) 2.67 83.20 3.30 78.6 
125 80.0 a MO 2.09 16.20 3.26 83.15 3.25 78.0 
126 60.0 a 7.55 0.81 17.15 4.35 83.140 3.20 78.3 9 50.0 11.00 4.27 11.10 1.83 
127 93.0 11.00 4.28 11.85 2.60 74.50 2.90 69.9 128 40,0 10.65 3.98 1180   2.19 74.50 2.90 69.9 
129 30.0 10.40 3.67 11.75 2.50 74.40 if .95 71.0 
130 20.0 9.95 3.21 12.05 2.70 74.45 2.90 0.9 3.31 3.5.0 9.b0 2.92 12.25 2.99 74.50 i:.95 71.0 
132 10.0 9.05 2.30 12.90 3.60 74.55 2.90 69.9 
8 3.0.0 8.30 1.57 13.60 0.7.3 
133 100.0 s 8.1© 1.26 13.90 0.91. 74.50 2.90 69.9 134 80.0 it 7.35 0.63. 14.40 1.48 74.50 2.90 8909 135 60.0 * 6.80 0.06 3.6.00 3.14 74.50 2.95 71,0 
B 50.0 10.60 3.85 10.70 1.45 
3.36 50.0 10.55 3.81 11.60 :.35 93.15 :5.75 89.0 



RUN 
NO. 

R(JTAm 
PIETER 
R00 

j';.. 

*MIMI, DATA 

zzaa limn 
T ER P Lila UM 

i+ 0» WOK- 
LUT16 MANN 

0 De 

Tau, 8 (C0'T.) 
Jo sitHOPY.1!  Al.G01101. 

art= VATLR VAPOR 
TINE' LHAT Lila TEMP. 

ADS0•0 3110*. 
WM Min 

dt 0 D0 

FILM 

WI 

TI.V.P. 

0C 

137 140.0 10.25 3.52 32.55 2.33 93.20 3.70 87.5 
138 30.0 10.10 3.37 11.85 2.57 93.35 3.70 87.5 
139 20.0 9.95 3.20 12.45 3.14 93.50 3.65 86.0 
1140 1.5.0 9.70 2.98 12.90 3.64 93.10 3.70 87.5 
1i41 10.0 9.20 2.47 13.65 444 93.20 3.75 89.0 

8 10.0 8410 1.35 14.00 1.13 
142 100.0 $ 8.05 1.32 14.30 1.146 93.05 3.80 89.8 
143 80.0 0 7.20 0.56 15.15 2.37 93.00 3.85 90.4 
1444 60.0 a 6.60 0.01 16.75 4.09 93.95 3.80 89.8 
15 50.0 11.70 4.95 11.75 2.50 

145 50.0 11.75 4.99 12.75 3.414 83.25 3.15 75.3 
1146 40.0 11.60 14.63 12.85 3.16 83.35 3.20 76.3 
147 30.0 11.50 4.77 23.10 3.814 83.50 3.20 76.3 
1.48 20.0 11..45 4.32 13.50 4.19 83.50 3,25 78.0 
1149 15.0 10.90 4.15 13.95 4.60 83.55 3.30 78.6 

8 10.0 10.61 3.85 114.90 2.05 
150 10.0 10.60 3.85 114.95 2.01 83.60 3.30 78.6 
151 100.0 s 10.05 3.314 16.25 3.39  83.50 3.25 78.0 
152 80.0 a 9.20 2.48 16.75 3.86 83.50 3.25 78.0 
153 60.0 * 8.05 1.35 17.85 5.05 83.45 .3.25 78.0 
9 50.0 11.00 4.25 11.10 1.85 
154 50.0 10.90 4.13 11.80 2.48 74.65 2.95 71.0 
155 40.0 10.80 14.05 11.90 2.&  74.0 3.00 72.2 
156 30.0 10.55 3.81 12.00 2.71 74.50 2.95 71.0 
157 20.0 10.30 3.55 12.35 3.05 74.50 2.90 69.9 
156 15.0 9.90 3.17 12.55 3.34 74.50 2.90 69.9 
359 2.0.0 9.15 2.146 13.10 .3.85 74.45 2.85 68.7 
1 10.0 8.55 1.80 13.80 0.95 
160 W0.0 a 8.30 1.63 13.95 1.35 74.140 2.90 69.9 
161 80.0 i 7.75 1.02 3.4.70 1.87 74.50 2.90 69.9 

1612 60.0O (a..80 0.04 16.05 3.24 74.50 .i:.90 69.9 
D 53.0 11.00 5.05 11.90 2.65 
163 50.0 11.80 5.05 12.75 3.46 83.80 3.30 78.6 
164 i40,0 11.45 442 12.65 3.36 83.65 3.25 78.0 
165 30.0 11.30 4.58 12.80 3.56 43.60 3.25 78.0 



FMN 
NO. 

ROTA,' 
MU ER 
RDO 

$ 

TABLE 8 (COM.) 
€ R GIUA DATA A. n-P=OVIL  

Tail WA/ FR OUTLET WATER 
TFYTERATURE TYMPZEATURE 

ALISO- WA- pow. 91:7« 
LUTly, MANN LUTE MANX 
0, 6 Oc oc st 

ALCOM 

VAFOR 
TEMP. 

or 

FILM TEAP. 

Nov 00 

166 20.0 11.20 4.45 13.35 4.c9 83.50 3.25 78.0 
167 15.0 1.3.75 4.03 13.65 4.40 83.50 3.6 78.0 
9 10.0 10.60 3.85 14.30 1.145 
168 10.0 10.30 3.54 14.50 1.62 83.50 3.20 76.3 
169 100.0 8 9.45 2.72 15.40 2.59 63.50 3.20 76.3 

170 60.0 $ 8.80 3.05 16.35 4.43 83.45 3.20 76.3 
171 60.0 $ 7.35 1.58 17.05 5.09 83.50 3.25 78.0 
a 50.0 10.00 3.25 10.10 0.85 
172 50.0 10.05 3.28 11.05 1.77 92.90 3.60 85.4 
173 40.0 10.00 3.24 11.30 2.01 92.95 3.70 87.6 

174 )04 9.90 3.15 11.45 2.29 93.15 ).70 87.6 
175 20.0 9.75 3.02 12.15 2.87 93.20 3.75 68.7 
176 15.0 9.60 2.87 12.70 3.44 93.20 3.75 68.7 
177 10.0 8.95 2.20 13.50 4.25 93.20 ..75 88.7 
a 10.0 8.10 1.35 14.35 1.19 

178 100.0n 8.00 1.30 14.60 1.76 93.25 3.80 89.8 
179 80.0 $ 7.45 0.77 15.40 2.56 93.30 3.80 89.8 
180 60.0 a 6.75 0.10 16.85 4.14 93.25 3.75 88.7 



SAMPLE CALCULATIONS  

1. .:1 +1 NO, 2 . BUTYL ALCOUOL 

1. Rate of Heat TrOh9fer, 

water flow rates 1980 lb. /hr. 

Water to rise e  1.6700 

Neat capacity of waters 1.0 BtuAlb.) (o) 

q s (1980) (1.0) (1.26) (1.8) s  5940 Btu/hr. 

2. hulk Temporatuye, a 

Inlet water tmxpereture s  11.2000 

Water to rise s  1.67°C 

nulk temperature 00 m  11.20 42, . 12.040C 
Bulk temperature oF m (12.0) (1.e) / 32 it 53.70F 

3. Over.all Water to Vapor Templraturo Diffirompe0  °C 

Wator Irak temperature * 12.04n 

Vapor temperature r 92;435% 

{ver .all to difference * 92.e5 . 12.04 a 80.81°0 

- x 103  
a I b!•01.11}VC"  

water bulk temperature se 53.70F 

V0.8 435 

1 103 - 1 103 1.44 
(1 /0.01100.8 

..
(1 / .011(53:71(05) 



II. BUTYL ALCOHOL AT q = 5600 Btu/hr 

1. Observed Heat Transfer Coefficient, )20  

Fr©m Figure at q-„ 5600 Btu/hr 

T°F L1T/q 1 x 103  
Q..butyvo.8  

167 .0298 4.15 

144 .0257 2.30 

119 .0213 0.35 

From 

LIT/4 versus 
8 

1 x 103 Plot Figure 
Tr7-1576Txtro. 

at  1 x 103 = 0, LiT/q t  0.0206 
0. 0.011t)V•8 

Tube mull thickness, x = 0.00292 ft. 

Outside tube surface area = 0.1962 sq. ft. 

Inside tube surface area = 0.1596 eq. ft. 

Average tube surface area, A 0.1962 - 0.1596 Aar. t 0.1772 

0.i005 

Tube thermal conductivity, k t  60 Btu/(hr) (sq. ft.) ( /ft) 

x 0.013292' 0.00027 
k Aav  (60) (0.1772) 

1 4!s 1 /  
'c Ahock Aav 

- 1 t  251 Btu/(hr) (sq. ft.) 0F 
6.1.962 (0.0206- 0.00027) 



2. Theoretical Heat Transfer Coefficient, ho  

Run #3 n-Butyl Alcohol 

At infinite water rates 

water temperature in st out 11.2°C 

aturated vapor toy  a 92.85°C 

Thermal resistance water film to vapor 

21  0.0206 

Thermal resistance of tube wall a 0.00027 

sturated vaor to water temp. cliff. r 92.65 . 11.20 as 61.650C 

Tube surfe47,c temp., to  a 11.20 / 81.65 .W027 12.27°C 

Film temp., tr t toy  . 0.75 (tsv  ts) 

a 92.65 . 0.75 (92.65 . 12.27) 

32.35°C 

4Lt across condensate film e 92.85 . 12.27 e 80.58°0 

at tr. m 32.35°C 

Thermal conductivity, kr * .088 FituAbr) (aq. ft.) (°F/ft.) 

Dentitra)* 50.7 lb/cu. ft. 

Latent heatdir, 254 

Viscosity, A../t m 2.21 lb/(hr) (ft.) ?, 

Gravitational constant, g 4.17 108 ft./br2 

Outside tube diameter, Do  a 0.03125 ft. 

Temperature drop across condensate film 2  145°C 



By the Nussalt equation 

\4/kr3fit2  g  
ho  = 0.725 V To  lit Pat 

4
V.084 3 50. 2  4,1 x 108  2 • . 

ho  0.72$ 

z  266`Insi(hr) (sq. ft.) (°r) 
Z3‘1, 
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