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PREFA~E 

Du.ring the past few years, the necessity for the introduction of some 

comparatively cheap agent for the abaorption of heat or moiature has made 

itself apparent. One phase of this condition exists chiefly in the laundry 

and other allied industries where large amounts of moisture are to be 

absorbed in a short time. At present, this is effected mostly by the use 

of steam coils which in themselves involve a high initial coat and a tre-

mendous waste of heat energy. For this reason, many modern systems are 

being installed in which the absorption of heat is accomplished by the re-

circulation of free air. Needless to say, this new process is meeting 

with much success. 

However, a new field in Which free air may be utilized for the ab-

sorption heat is the condensation of steam in surface condensers. In view 

of the fact that so little ha.a been done in this field, the author conducted 

an extensive series of tests to determine the cooling effect of air on steam 

when applied to condenser service. The succeeding pages of this paper will 

explain the methods employed to carry- out the tests and to calculate the 

desired data. 

324468 
ii 



~--------------------~~1 

INDEX 

Preliminary Discussion ..... .... ... ............. ............... 
Object of Testa .............................................. . 

Description of Condenser .•.•...•.•.•.•..•..................•••• 

General Dimensions of the Condenser .•......................•••• 

Theory of Venturi Meter •..••...........................•...•.. 

l 

3 

4 

5 

7 

Equation Constants and Nomenclature............................ 8 

The Air Compressor . . • . • . • . • . . . • . . . . . . . . . . . • . • . . . . . . . . . . . . . . . • . 10 

'l'll.e A'llX.iliary Cooler • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 11 

Measuring Instruments • . . . • . • . • . . . . . • . • . • . • . • . • . • . . • • . • . • . • . • . . 12 

Location of Apparatus . • . . . • . • . • . . . • . • . • . • . . . • . . . • . • . • . • . . . . . • . 13 

~Aethod of Procedure .•......................................... 15 

Data Sheet - Calorimeter at Engine •••.....•.• ... . . •...•.•.•.•• 16 

Data Sheet - Calorimeter at Condenser ..•.•.•.•.•.•.•.•...•.••• 17 

Data Sheet - Condenser and Steam ............... ... . ... ........ 18 

Data· Sheet - Condenser and Air •.•.•...•.• . ....•.........•.•.•• 19 

Data Sheet - Venturi Meter •.•.•.. . • . ....•.•.. . • . • . . ... •...•.•• 20 

Explanation of Tabulation and Computations .•.•.•.•.•.•.•.•.•.• 21 

Average Steam Da. ta and Results • . • . • . • . • . . . • . • . . . . . • . . . . . • . • . • • 22 

Average Air Data. and Rasul ts •.•••.•.•.•...•...•...•.•...•.•. • · 24 

Average Venturi Meter Data and Results •••.•.•.•.•.•.•...•.•.•. 26 

SUI!Jllary of General Results •••.•.•••.•••.•.•.•... • · • · • · • · • · • • • • 27 

Calculations of Stearn Results •.•...•••.•.•.•.•.•••.•.•.•.•.•.• 28 

Calculations of Air Results •.•.•.•.•.•.•.•.•.•.•.•. • ... • · • · • · • 32 

Calculations of Venturi Meter Results •••.•.•.•.•.•.•.•.•.••••• 35 

Calculations of General Results •.•••.•.•.•...•.•.•.•.•.•.••••• 37 

iii 



Diecussion of Resul t s ................... ........ ............ 
Conclusions ......... ...... .......... ' ...................... . 

39 

4o 

Bi bliograplly • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

1111 



DRAWINGS OF APPARATUS 

Wheeler Surface Condenser and Vacuum Pump •.• . • . •.•.•.•.•.• 6 

Venturi Meter •.•••.•.•••••.•.•.•••.•.•••.•••••. • ••••••. • · • 9 

Diagram of Location of Apparatus •.•••••••.•.••••• . • . •.•.•• 14 

ii iii 



1. 

PRELIMINARY DISCUSSION 

The recovery of condenaation water from po er plants is an important 

matter. Ordinary methods of condensing the steam by means of a water

cooled condenser are almost prohibitive in cost, particru.larly if cooling 

towers or similar devices are used, since the latter involve a loas of 

water about equivalent to the amount of condensation. In addition to 

this, the high fuel cost enters as a factor, rendering it desirable to 

secure the additional economy due to the use of condensing engines, 

operating only against condenser pressure. It becomes neces a.ry, there-

fore, to consider other means for recovering the condensation under such 

unfavorable conditions. The question has been asked, what oan be done 

with air? 

The use of air as a condensing medium in a surface condenser has 

been given little consideration by the engineering profession, certainly 

not with the idea of making such a problem practical. This condition 

may be attributed to the thought that it was unnecessary except in remote 

regions where fuel and water are scarce. The city of Kalgoolie, in 

Western Australia furnished sueh a condition, and., up to the present 
' 

time, the only example of an air cooled installation. Here wa.a built an 

electric central station for furnishing power and lighting current to 

the neighboring gold mines. The units consisted of three 1500 Horse 

Power engines provided with surface condensers of a special design, which 

were cooled by air instead of by water. The cooling effect was produced 

by three large fans seven feet in diameter and running normally at 

320 R.P.M. The average vacuum obtained was about 18 inches thruout the 
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year, ranging from 0 inches on very hot days to 22 inches in colder 

weather . However, there are no data available as to the relative propor

tions of air used to steam condensed in this installation. 



3. 

0 B J E C T 0 F T E S T S 

The primary object of these tests as run in the laboratory was to 

determine the number of pounds of air necessary to condense one pound o! 

exhaust steam flowing thru the condenser. This could be determined in 

tvr>ways, but the methods employed in these tests were to compare the num

ber of pounds of steam actually condensed with the number of pounds of air 

flowing thru the condenser per unit of time. 

Inasmuch as the tests furnished the requisite data, additional cal

culations were made to determine the value of the Coefficient of Trs.ne

mission "C" of the condenser. 



4. 

DESCRIPTION OF CONDENSER 

The tests were run on a regular Wheeler Surface Condenser as shown in 

Fig . 1, Page 6. This condenser was designed for the condensation of steam 

by water rather than air. For the purposes of these tests, the circulating 

pump was dispensed with and the main body of the condenser was supported on 

framework. This condenser was of the double flow type and consisted of a 

ca.st iron chamber fitted with a number of small, seamless brass tubes thru 

which the cooling air was circulated under pressure. The exhaust steam 

from the engine entered at the top and after passing thru a throttle valve 

was prevented from coming into direct contact with the tubes by means of 

baffle-plates, which also served to distribute the steam more evenly 

over the cooling surface. The steam in passing thru. between the tubes, 

was condensed and fell to the bottom of the chamber frcm hich it was 

removed together with the entrained air by a vacuum punp. 

The a.ir chamber between the tube sheet and the head end was divided 

into two compartments, the partition being so arranged that the air 

flowed first from the lower set of tubes and then thru the upper set in 

the opposite direction. In this way, the temperature of the cooling air 

increased and reached a maximum where the exhaust steam entered. Conden

sation of the steam began as soon as the vapor entered the condenser, 

and the surfaces of the tubes were at onee covered with a thin film of 

water flowing downwards from tube to tube. 



5. 

GENERAL DIMENSIONS 

0 F 

THE CONDENSER 

The general dimensions and other data pertaining to the condenser 

were as follows: 

Number of tubes 

Number of tubes in upper division 

Number of tubes in lower division 

Outside diameter of tubes - inches 

Inside diameter of tubes - inches 

Length of tubes - feet and inches 

Diameter of end plates - inches 

Total cooling surface - square feet 

Length of radiating surface - feet and inches 

Circumference of bo~ - feet and inches 

Radiating surface - square feet 

250 

126 

124 

o.62 

0.52 

5-4 5/16 

lS 

220.5 

5-2 

5-8 

29 .298 





THEORY OF VENTURI METER 

The Venturi Meter for measuring air is in principle nothing but a.n 

orifice placed in a pipe line and thru which the air to be measured is 

forced. The contracted passage increases the velocity of the fluid and 

causes a pressure loss, converted into velocity. This pressure loss 

may be measured and from this the rate of flow thru the pipe may be 

calculated. 

7. 

The Venturi Meter as used in these tests is shown in cross-section 

in Fig. 2, Page 9. It consists in reality of two converging nozzles 

placed end to end with the smaller ends joined. The end thru which the 

fluid enters i s usually called the '1up-stream" end, the other is 

designated the "down-stream" end, while the section of sma.llet diameter 

is known as the "throat". The up-stream end and the throat section are 

surrounded by pressure chambers at A and B, with which the respective 

sections cormru.nicate by means of a number of small openings. By con

necting the chambers to the two ends of a U-Tube manometer as in Fig. 2, 

the reading of the latter will indicate the loss of pressure head between 

the up-stream section and the throat, this difference being represented 

by H in the Figure. 

For accurate work, the Meter required calibration. Once calibrated, 

the error in weight readings for a given temperature should not exceed 

one percent for capacities within the working range of the manometer. 

This particular Meter was calibrated and an expression derived for the 

flow of air in pounds per second. This equation took the fonu 
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E Q U A T I 0 N C 0 N S T A T S 

AND 

NOMENCLATURE 

The values of the oonstanta a.a expresaed in the equation for th 

flow of air tbru a Venturi ~eter, Page 71 are aa follo 1: 

z +a = 0.53962 
4z( l - a) 

c3 :: 29 + 110& + 542 - 4oz + 32a.z + 8 2z 
96z2( l - a2) 

-0.13915 

The symbols in the above oonatanta are repre ent d by the follo 

nomenola tu re: 

F2 =area o! the throat in aq. ft. 

a = ratio of throat areaa - ,f 
P0 =atmospheric presaure in lba. er• • ft. 

P - bsolute pressure of the air at the throa in 

lbs. per squ ft. 

4P = difference in mercury l el of the eter. 

S weight of air per au. ft. t P0 pre sure. 

z = ratio of specific h ta at oon.atant pre11 

at conatant volume. 

T1 = absolute tem erature of air after p sin thru the 

throat 





T H E A I R C 0 M P R E S S 0 R 

The compressed air was furnished by a two atage compreeeor manu:tao

tured by the Ingersoll-Sargeant Drill Co., of New York. Thia compressor 

drew in the free air fran the outside and compressed it up to a high 

pressure in the cylind.era from which it was !orced into the storage tank . 

In addition to furnishing the air, the engine driving the compr e eor 

furnished the exhaust steam to the condenser, thereby making the whole 

system a self contained unit. 

The l ocation of this unit in the system i1 clearly hown in the 

l ayout , Figure 3, Page 14. 

10. 



THE AUXILIARY COOLER 

The auxiliary coller consisted of a ea.st iron chamber containing a 

coil of tubes about which cold water circulated. The air, after pasting 

thru the Venturi Meter, flowed directly thru this coil and then into 

the condenser. 

The function of thia cooler was to sanewha.t reduce the temperature 

of the air before it flowed thru the condenser. 

ll. 
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M E A S U R I N G I N S T R U E N T S 

In addition to the apparatue described in P ea 4, 7, 10, and 11, the 

following mee.auring instrument& were uaed to carry out the te1t1: 

l Presgure Gage 

4 Mercury llanometera 

l Water Mananeter 

2 Separating Calorimeter• 

10 Fahrenheit Thermometera 

3 eighing acalea 

l eighing Tanlc 

By referring to the co~e at the bottom of P e 14, it ie eeen t t 

eaoh of the bove instrument• it repr aented b a certain 1ymbol on the 

layout of the apparatus . 
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LOCATION OF APPARATUS 

The location of the condenser, auxiliary cooler, air compressor, 

tanks and measuring ins tl"\mlents is clearly shown in the accompanying 

diagram, Fig. 31 Page 14. This lay-out is the result of several different 

arrangements and was found to work satisfactorily and to give the beat 

results . 

'fb.e original piping lay-out and position of the apparatus as easen-

tially the same as that shown with the exception that at first the air 

• was not led thru the auxiliary cooler but flowed directly to the con-

denser. 
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METHOD OF PROCEDURE 

The plan of operation was as follows: The compressor forced the 

air into the receiving tank "A" from which it pa.seed thru the reservoir 

"R", thru the Venturi Meter and into the auxiliary cooler, from which it 

flowed thru the condenser into the atmosphere. Without the use of the 

auxiliary cooler, it was found that the temperature of the air as it 

entered the condenser was too great to have much cooling effect. 

The pressure of the air was adjusted to sane extent by a throttle 

valve before it passed thru the Venturi Meter. Here the pressure aa 

measured by means of a mercury manometer, the difference in leg levela 

being controlled by the throttle valve in the air line at the condenser. 

The temperature of the air was taken before going into the eter and 

also after passing thru. The wet and dry bulb temperatures were taken 

at the entrance to the condenser. 

The exhaust steam from the compressor entered the condenser thru 

another throttle valve which was employed to control the amount of steam 

entering. Corresponding readings of pressure and temperature of the 

steam were taken before throttling and after entering the cord.enter. 

The back pressure on the engine was held constant by means of a by-pas 

valve in the exhaust line. 

A number of trial tests were run first so as to get constant 

readings. Fa.ch test was run for about two hours and readings taken at 

10 minute intervals. The finD.l tests gave results which agreed very 

closely and the data recorded in pages 16, 17, 18, 19, and 20 is taken 

from the bestof these tests. 
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DATA SHEET 

CALORIMETER AT ENGINE 

Time Weight of Rea.ding of Difference * Height of ¥ 
Condensate Gage Glass in Hg. Level water leg 

lbs. lbs. in. in. 

9:00 

9:10 0.172 4.o 9.125 

9:20 11.53 0.177 4.o 10.25 

9:30 11.84 0.185 4.o 10 .875 

9:4o 12.11 0.190 4.o 11.064 

9: 50 12.35 0.195 4.o 11. 75 

10:00 12. 73 0.20 4.o 12. 375 

** l(!): 10 

10:20 13.3 0.21 3.125 1.0 

10:30 13.52 0.215 2.75 1.125 

l0:4o 12.11 0.22 3.25 1.125 

10: 50 12141 0.225 3.125 2.375 

Averages 3.625 7.10 

lst Total 0.82 0.023 

2nd Total 0.79 0.015 

3rd Total 0.30 0.005 

Sums 1.91 0.043 

-* Measurements of exhaust pressure 

'** Water blown from manometer 
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Time 

9:00 

9:10 

9:20 

9:30 

9:4o 

9: 50 

10:00 

10: 10 

10:20 

10:30 

10:4o 

10: 50 

Averages 

lst Total 

2nd Total 

.sums 

17. 

D A T A S H E E T 

CALORIMETER AT CONDENSER 

Weight of Gage Glass Hg. Level Height 1- Ba.r;omete 
Condensate Reading Difference of water Reading 

lbs . lbs. in. in. in. Hg. 

75.3 *1t 0.015 5.2 13.25 29.26 

75.s 0.019 5.2 13.25 n 

79 .5g 0.024 4.5 13.00 " 
80.12 0.028 4.2 12.75 " 
98!8 0.030 4.2 12.75 • 

94.7 0.038 4.1 12.85 " ~-it 

95.os 0.042 4.o 12.65 

95.62 0.045 4.1 12.75 " 
96.20 0.048 3.8 12.55 • 

96. 70 0.053 3,6 12.50 29.2s 

97 .22 0.056 4.25 12.75 • 

0.059 3.75 12.50 n 
91.11 

4.25 12. 79 29.265 

5.16 0.015 

3.01 0.021 

s .17 0.036 

.,... Measurement of exhaust preHure before throttling 

;lf-;t Ta.re weight of weighing tank 

~~;# Added 18.34 pounds ·of water 

H ;f -i Changed water in can 



DATA SHEET 

CONDENSER AND STEAM 

Time Condenser :Entering Hot well Condenser 
Temper. Steam Temp. Temp. Va.euum 
cleg. F. deg. F. deg. F. in.Hg. 

9:00 165 217 149 17.714 

9:10 170 220 147.5 17.014 

9:20 lSO 220.5 146.2 14.014 

9:30 171.5 218 145 15.164 

9:4o 170 218 142 16.164 

9:50 169 218 139 16.414 

10:00 16S.7 218 136 17.214 

10: 10 170.5 218.4 135.4 17.364 

10:20 168 218 135 17.614 

10:30 167 217 138 17.514 

l0:4o 170 218 141.5 17.714 

10:50 175 216.5 14o 15.s14 

Averages 170.4 218.l 141.2 16.644 

Net weight of condensate 

l- Beginning of test 

*1- F.nd of test 

Average pressure of the steam at the condenser before 

throttling - in. Hg. = 3,357 

18. 

eight of 
Condensate 

lbs. 

239.5 * 

327 .o ** 

s7.5 



DATA SHEET 

CONDENSER AND AIR 

Entering air Lea.ving air Temperature 
at end of 

Time Pressure Temperature Pressure Temperature lat pa.11 

in.Hg. deg. F. in.Hg. deg.F. deg. F, 

9:00 2 57.5 7.75 157 131.5 

9:10 2. 57 7.75 155 142.5 

9:20 2 57.5 7.7 158 130 

9:30 2 58 7.s 156 124 

9:4o 2 5s g 157 133.3 

9:50 2.05 5s 7.95 156 129 

10:00 2 59 7.25 157 138 

10:10 2 59 7.15 157 .5 137.6 

10:20 2 59 6.7 157 144.7 

10:30 1.6 59 5.5 157 l .5 

10:4o 2 58 7.25 157 146.8 

10: 50 2 59 7.5 157 143.5 

Averages 1.97 156.79 137.ll 

0 

Average temperature of dry bulb = 6o.O 
0 

Average temperature of et bulb - 58·5 

Average temperature of outside = 67.0° 
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DATA SHEET 

VENTURI METER 

Time Pressure at Pressure in Temperature of Temperature ot 
Throat Throat entering air lea.ving ir 

lbs/ sq. in. in.Hg. deg.F. deg.F. 

9:00 49.2 133-5 24.25 131 

9:10 56.0 136 26.2 133 

9:CD 55.1 139.5 25.75 136.5 

9:30 56.c 142 26.7 139.5 

9:4o 57 144 27.1 141 

9: 50 56.2 145 26. 75 143 

10:00 53.2 146 25.4 144 

10:10 53 146 25.25 144 

10:20 49 .5 145 23.7 142 

10: 30 44.5 142 21.65 14o 

10: 4-0 53 139-5 24.75 138 

10:50 54 141 25.25 13s.5 

Averages 53.06 141.6 25.23 

I• 



EXPLANATION 

O F 

TABUL ATION AND COMPUTATIO S 

21. 

The data as read from the data sheets and the computed results ill 

be grouped under the following headings: 

Average steam Data. and results 

Average Air Data and results 

Average Venturi Meter Data and results 

Sumna.ry of General Results 

For convenience, the average data alld and results will be recorded 

in tabular fonn first, after 'Ahieh the methods of calculation will be 

explained in detail. In the calculation of any one result involving 

values as found for some other result, only the Item No. will be referred 

to. This method will be readily understood in the pages of calculations. 

Goodenougll' Steam Tables used • 

• 
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AVERAGE STEAM DATA 

AND 

RESULTS 

Item No . 

1. Number of tests run 

2. Average duration of each test - hours 

3. Barometer pressure - in.Hg. 

4. Barometer pressure - lbs/sq. in. abs. 

5. Weight of dry steam passing thru the calorimeter at 
enSine - lbs. 

6. Weight of moisture collected in calorimeter at engine -

7. Total weight of steam passing thru the calorimeter at 
engine - lbs. 

8. Quality of the steam at the engine exhaust - 'f,. 

9. Weight of dry steam passing thru the calorimeter at 
condenser - lbs. 

lbs. 

10. Weight of moisture collected in calorimeter at condenser -
lbs. 

11. Total weight of stean passing thru the calorimeter at 
condenser - lbs. 

12 . Quality of the steam entering the condenser - ~. 

22. 

10. 

l.S3 

29.265 

14.369 

1.91 

0.043 

l.953 

97 .79 

s.17 

s.206 

99.56 

13. Temperature of the steam at the condenser before throttling -
deg. F. 218.l 

l4. Pressure of the steam at the condenser before throttling -
in. Hg. 

15. Pressure of the steam at the condenser before throttling -
in • Hg, abs, 

16. Pressure of the s team at the condenser before throttling -
lbs/sq. in. abs. 

17. Vacuum in the condenser - in.Hg. 

ls. Vacuum in the condenser - lbs/sq.in. 

3.357 

32.622 

16.0l 

16.644 

s.172 
-



23. 

Item No. 

19. Vacuum in the condenser - lbs/sq. in. abs. 6.197 

20. Temperature of the steam entering condenser - deg. F. 170.4 

21. Absolute temperature of the steam entering the condenser -
deg.F. 630 

22. Total pressure of one pound of steam and entrained air 
in the condenser - in. Hg. 12. 621 

23 . Partial pressure of the steam in condenser - in.Hg. 12.310 

24. Temperature of the steam corresponding to the partial 
pressure of the steam - deg.F. 171.475 

25 . Volume of one pound of steam at the partial pressure of 
the steam - cu. ft. 61.576 

26. Latent heat of one pound of steam at the condenser before 
throttling - B.t.u. 964.816 

2g. 

29 . 

30. 

31. 

32. 

33 . 

34. 

35. 

36. 

Total heat in one pound of steam at the condenser before 
throttling - B.t.u. 

Heat of the liquid of one pound of steam at the con
denser before throttling - B.t.u. 

Total heat in one pound of mixture of steam and air in 
condenser after throttling - B.t.u. 

Temperature of the hot well - deg.F. 

Absolute temperature of the hot well - deg.F. 

Partial pressure of the steam at the temperature of the 
hot well - lbs/sq. in. 

Total heat in one pound of condensate above 32 deg.F. -
B.t.u. 

Total weight of condensate - lba. 

Weight of condensate per hour - lbs. 

Total heat given up by the steam per minute perp>und -
B. t. u. 

184.332 

1 1.2 

600.8 

828.4 



Item No. 

AVERAGE AIR DATA 

AND 

RESULTS 

24. 

37. Average temperature of outside air - deg.F. 67.0 

38. Average dry bulb reading - deg. F. 6o 

39. Average wet bulb reading - deg.F. 58.5 

4o. Temperature of the air entering condenser - deg.F. 58.25 

41. Pressure of the air entering condenser - in.Hg. 1.97 

42 • Tempera. ture of the air leaving condenser - deg. F. 156, 79 

43. Pressure of the air leaving condenser - in. Hg. 7.358 

44. Increase in temperature - deg. F. 98.54 

45. Specific heat of air at constant pressure 0.2 

46. Specific heat of air at constant volume 0.18 

47. Partial pressure of the air entrained in the steBm in the 
condenser - in.Hg. 0.311 

48. Weight of air entrained per pound of teBm - lbs. 0.0401 

49. Partial pressure of the air in the liquid at the tempera-
ture of the hot well - lbs/sq.in. 11,40 

50. Volume of one pound of air at the partial pressur o! 
the air - cu.ft. 19.52 

51. Partial pressure of the air in the liquid at the tempera.-
ture of the hot well - lbs/sq. ft. 16 1.6 

52. Heat absorbed by one pound of air going thru the 
condenser - B. t.u. 23.6 9 

53. Intrinsic energy of the entrained air at the temperature 
of the hot well - B.t.u./lb. 0.788 

54. La.tent heat of vaporization of the air at the temperature 
of the wet bulb - B.t.u. io5s.97 

55. Weight of saturated vapor per pound of dry air - lb, 
0.01047 



Item No. 

56. Humidity of the air entering the condenser - ~. 

57 . Weight of moiature actually mixed 1th one pound ot dry 
air - lbs. 

58. Heat content of moisture in the ir - B.t .u. 

0 .01013 

o. 75 

59. Heat added per pound of air and moisture aup lied, B.t.u . 24.124 

60 . Dew point at the temperature of the wet an dry bulb 
thennometera - deg.F. 57.55 

I 



----

26. 

AVERAGE VENTURI METER DATA 

AND 

RESULTS 

Item No. 

61. Pressure of the air at the throat - lbs/sq.in. 

62. Pressure of the air in the throat - in.Hg. 

63. Pressure of the air in the throat - lbs/sq.in. 

64. Drop in pressure thru throat - lbs/sq.in. 

65. Drop in pressure thru throat - lbs/sq. ft. 

66. Temperature of air entering throat - deg. F. 

67. Temperature of air leaving throat - deg. F. 

68. Absolute temperature of air leaving throat - deg.F. 

69. Weight of air passing thru the Venturi Meter per 
minute - lbs. 

70. Weight of air passing thru the Venturi Meter per 
hour - lbs. 

53.06 

141.6 

69.52 

16.46 

2363.04 

25.23 

139.2 

598.8 

2048.4 



---. ....................... ________________ ~~ 

SUAMARY 

0 F 

GENERAL RESULTS 

Item No . 

71. Air required per pound of steam condensed - lba. 42.94 

72. I]a.diation loss from the condenser per hour - B.t.u. 4300.0 

73. Coefficient of transmission for condenser B.t.u./hr./ 
sq.ft./deg. difference l.49 

74. Steam condensed per square foot of heating surface of 
the condenser - lbs. 0.216 



CALCULATIONS 

0 F 

S T E A M R E S U L T S 

Item 2. The duration of the test was l hour and 50 minutes or 

110 minutes . 

Item 3. 

Item 4. 

Item 5. 

Item 6. 

Item 7. 

Item 8. 

110/ 60 = l. 83 

Value taken from Data Sheet, page 17. 

Item 3 x 0.4~1 = 29,265 x 0.491 = 14.369 

Value taken from Data Sheet, Page 16. 

Value taken from Data Sheet, Page 16. 

Item 5 + Item 6 = l.91 + 0.043 = l.953. 

Item 5/Item 7 = l.91/l.953 = 0.9779 or 97. 79 'f,. 

Item 9 . Value taken from Data Sheet, Page 17, 

Item 10. Value taken fran Data Sheet, Page 17. 

Item ll. Item 9 +Item 10 = 8.17 + 0.036 = 8.206 . 

Item 12. Item 9/Item 11 = s.17/s.206 = 0.9956 or 99.56 • 

Item 13. Value taken from Data Sheet, Page 18. 

Item 14. Value taken frcm Data Sheet, Page 18. 

Item 15. Item 3 + Item 14 = 29.265 + 3,357 = 32,622. 

Item 16. Item 15 x 0.491 = 16.0l. 

28. 



Item 17. Value taken from Da.ta Sheet, Page 18. 

Item 18. Item 17 x 0.491 = 16.644 x o.491 = 8.172. 

Item 19. Item 4 - Item 18 = 14.369 - 8.172 = 6.197. 

Item 20. Value taken from Iata Sheet, Page 18. 

Item 21. Item 20 + 459.6 = 170.4 + 459.6 = 630.0. 

Item 22. Item 3 - Item 17 = 29.265 - 16.644 = 12.621. 

Item 23. The partial pressure of the steam in the condenser is that 

pressure corresponding to the temperature of the steam as it enters the 

condenser. The partial pressure corresponding to a temperature of 170.4 

deg. F. (Item 20) = 12.310 in.Hg. fran the steam tables. 

Item 24. The temperature of the steam corresponding to a rtial 

pressure of 12.310 in.Hg. from thesteam tables i• 171.475 deg.F. 

29. 

Item 25, From the steam tables, the volume corresponding to a preaaur e 

of 12.310 in.Hg. (Item23) = 61576 cu. ft./lb. 

Item 26. Pressure of steam at condenser before throttling = 16.0l 

lbs/sq.in. Latent heat of one pound of steam at thi• pressure= 969.0SB.t.u. 

Quality= 99.56 % (Item 12) 

0.9956 x 969.08 = 964.816 B.t.u. 

Item 27. Heat of the liquid at 16.0l lbs/squ.in. = 184.332 B.t.u. 

per pound. 

Item 28. Item 26 +Item 27 = 964.816 + 184.332 - 1149.148 B.t.u. per 

pound. 



30. 

Item 29. In order to find the total heat in one pound of the steam 

at th e condenser before throttling, the heat content of the entrained 

air must be considered. 

. . 

Total heat = Item 28 + (Ua + APaVa) 

Ua = intrinsic energy of the air = cvdt 

= 0.18 (Item 20 - 32) x Itan 48 

= 0.18 (170.4 - 32) x o.04o1 = o.99s 

Pa= ItEm 47 x 0.491 x 144 = 21.918 lbs/sq.ft. 

Va = Item 25 

A =reciprocal of Joules' equivalent= ~l~ 
778 

.APaVa = 21.918 x 61.576 = 1 349 B t u 778 • . •• 

Total heat in one pound of steam 

= 1149.148 + 0.998 + 1.349 = 1151.495 B.t.u. 

Item 30. Value taken from the Data Sheet, Page 18. 

Item 31. Item 30 + 459.6 -= 141.2 + 459.6 = E)o().8. 

Item 32. From the steam tables, the partial pressure of steam at 

temperature of 141.2 deg.Fa (Item 30) = 2.969 lbs/aq.in. 

Item 33. Item 30 - 32 = 141.2 -32 = 109 .2 B t.u. 

Item 34. Value taken from Data Sheet, Page 18. 

Item 35. Item 34/Item 2 = s7.5/1.s3 = 47.s. 

Item 36. To find the net total heat given up per pound of ateam, 

the total heat in one pound of condensate above 32 deg.F. and the heat 

content of the vapor at the temperature of the hot well must be subtracted 

from the total heat of one pound of the steam at the condenser before 

throttling. 



H = Item 29 - Item 33 - (It 53 + 

= io39.s65 

Net total heat g1•en up r 1nut • 

1039,865 X 7,7 a 
(,() 

It l I 



• 

C A L C U L A T I 0 N S 

0 F 

AIR RESULTS 

Item 37. Value taken from Data Sheet, Page 19. 

Item 38. Value taken fran Data Sheet, Page 19. 

Item 39. Value taken fran Data Sheet, Page 19. 

Item 4o. Value taken from Data Sheet, Page 19. 

Item 41. Value taken from Data Sheet, Page 19. 

Item 42. Value taken frcm Data Sheet, Page 19. 

Item 43. Value taken fran Data Sheet , Page 19. 

Item 44. Item 42 - Item 4o = 156.79 - 5s.25 = 9s.54. 

Item 47. Item 22 - Item 23 = 12.621 - 12.310 = 0.311. 

Item 48. By using the characteristic equation, PV WRT, the 

weight of air per pound of steam 1?18¥ be c~lc1119. ted, her 

. . 

P = partial nre1sure of the entrained air in 

lbs/sq.ft. =Item 47 x 0.491 x 144 

= 0.310 x 0.491 x 144 = 21.918 

V = Item 25 = 61.576 

T = Item 21 = 630.0 

R = 53.35 

PV _ 21.918 x 61.572 = 0.04ol 
=RT - 53.35 x 630.0 

32 • 



Item.49. Item 4 - Item 32 = 14.369 - 2.969 = ll.4o 

Item 50. In calculating this value, the equation PV =RX must be 

used where 

T = Item 31 = 6oo.g 

P = Partial pressure of the air in the condensate in lbs/ 
sq. ft. 

= Item 51 = 1641.6 

R = 53.35 

v = RT = 53.35 x 6oo.S = 19 52 
p 1641.6 • 

Item 51. Item 49 x 144 = ll.4o x 144 = 1641.6 

Item 52. Item 45 x Item 44 = 0.24 x 98.54 = 23.649 

Item 53. Cv (Item 30 - 32) Item 48 = 0.18 (141.2 - 32) e.04ol 

= o. 788 

Item 54. Value taken from the steam tables at a tEmperature of 

58.5 deg. F. (Item 39). 

Item 55. Value taken fran the tables of mixt"J.ree of air and 

saturated water vapor at a temperature of 58.5 deg.F. (Item 39). 

Item 56. Value taken fran the Psyohrometric Tables for a dry 

bulb temperature of 6o deg. F. (Itan 38) and a et bulb t eratur 

of 5s.5 deg.F. (Item 39). 

Item 57. In detennining 

with one pound of dry air, the 

must be used where 

the weight of moisture actually mixed 

f onnula. w - r I I -0 I 24{ t - t I) 
r I + Q • 476( t - t I) 



r' = Item 54 = io5s.97 

W' = Item 55 = 0.01047 

t - dry bulb temperature = Item 38 = 6o 

t' =wet bulb temperature= Item 39 = 5s.5 

• • • w = 1058.97 x 0.01047 - 0.24 (69 - 58.5) 
io5s.97 + o.476 (6o - 5s.5) 

Item 58. Item 57 x 0.476 x Item 44 

= 0.01013 x o.476 x 9s.54 = o.475 

Item 59. Item 52 + Item 58 = 23.649 + 0.475 = 24.124 

Item 6o. Value taken from the Psychro etric Table• for a 

temperature of 6o deg.F. dry bulb and 58.5 deg.F. wet bulb. 

34. 



C A L C U L A T I 0 N S 

0 F 

VENTURI METER RESULTS 

Item 61. Value taken from Data Sheet, Page 20. 

Item 62, Value taken from Data Sheet, Page 20. 

Item 63. Item 62 x 0.491 = 141.6 x 0.491 = 69.52. 

Item 64. Item 63 - Item 61 = 69.52 - 53.06 = 16.46. 

Item 65. Item 64 x 144 = 16.46 x 144 = 2363.04. 

Item 66. Value taken from Data. Sheet, Page 20. 

Item 61. Value taken from Data Sheet, Page 20. 

Item 68. Item 67 + 459.6 = 139.2 + 459,6 = 598.S. 

Item 69. The equation a.s derived for the Venturi eter i given 

on Page 7, the value of the constants being worked out on Pages. 

35. 

C1 [p Ap]-r = clll .(_It!!P 4 + Item 61) 144 x It 65 
T1 . 1 rtem 68 

= o.662 

0{~] = 02 [(Item ~1! It~ 61)144 j 
62 [ 2363.04 

= 0 • 539 (14.369 + 53.06)144 

= 0.131 



c L)p = a Item 65 l J'Z. [ z 
3 P 3 (rt ... 4 + Itan 61)144 ] 

= -o 13915 r 2363.04 
. ~14.369 + 53.06)144 

= -0.0082 

. . w = 0.662 {1 - 0.131 - o.oos2) 

- 0.569 lbs/sec. 

6o x 0.569 - 34.14 lbs/min. 

Item 70. Item 69 x 6o = 34.14 x 6o = 2048.4 

36. 



37. 

CALCULATIONS 

0 F 

GENERAL RESULTS 

Item 71. Item 70/Item 35 = 204s.4/47.s = 42.94 

Item 72. In calculating the radiation loss from the condenser, the 

transmission coefficient ttic" for east iron must be calculated. From 

Harding and Willard, 8 Mechanical Equipnent of Buildings", thia value of 

"k11 at 150 deg.'F. = l.9 B.t.u. per sq. ft. per degree difference in 

temperature. For e:ny other temperature, this value of " is expressed 

as 1.9 - 1.9 x 0.002 (150 - 88.S) = l.668, where SS.8 is the mean dif-

ference in tanperature of the condenser. 

Knowing the value of "le", the radiation loss of the cond ser ~ be 

calculated from the expression, R = kS0 (t - t 0 ), here 

S0 = the radiating surface of the con nser 

= 5.167 x 5.667 = 29.298 sq. ft. (P e 5) 

t - t 0 =mean temperature difference of the condenser 

- 88.8 

R = 1.668 x 29 .29s x SS.8 = 300 

Item 73. In calculating the coefficient of tran mission "C of 

the condenser, the expression C - must be us d here 
STm 

:: Item 70 = 2048 .4 

H = Item 59 = 24.124 

S = Heating surface of the condenser - 220.5 
(Page 5) 



Tm= T2 - T1 
loge T3 - Ti 

T3 - T2 

T1 = Item 4o = 5s.25 

T2 •Item 42 = 156.79 

T3 = Item 20 = 170.4 

In this expression, 

• T _ 156.79 - 5s.25 - 147 and 
' • -m - loge 170.4 - 5s.25 -

l 70. 4 - 156. 79 

c = 2048.4 x 24.124 = l.49 
2a>.5 x 147 

Item 74. Item 35/220.5 = 47.s/220.5 = 0.216 

38. 



39 . 

D I S C U S S I 0 N 0 F R R S U L T S 

By proper and careful manipulation of the apparatus it was possible 

to secure some results which were far below those estimated. It may be 

said that very few assumptions of any kind were made in the calculation• 

of the results . Every little item which was thought to have sane 

bearing on the outcome of the tests 

out . 

carefully considered and worked 

The results of thei»st show that it required 42.94 pounds of air 

to condense one pound of steam. This amount could no doubt be con

siderably reduced thru the use of a specially designed condenaer for 

using air as a condensing agent rather than ater . 



4o. 

C 0 N C L U S I 0 N S 

The use of the auxiliary cooler to lower the temperature ot 

the air before entering the co denser~ lead to critici m of the 

methods employed. However, it~ be aaid thll.t ie i• only one ans 

of cooling the air. In case of an actual inatallation ot air con

densing equipment, suitable means would be provided to prevent the 

air fran going into the condenser at too high tm:rperature1. 

The condensation of steam by means of air ha.a great po11ibili~iea. 

It is to be hoped that, during the next few years, the ngine ring 

profession ill be more willing to consider the id a and develop it 

to a state of perfection where it could take its place alo side 

other modern methods of recovering the condenantion w ter from po r 

plants. 



B I B L I 0 G R A P H Y 

Air Cooled Surface Condenaera, Engineering News, 

Oct. 1902, page 2']l, ibid., vol. 49, page 203. 

41. 
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