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s I o P s I S 

evaporative condensers now so widely used, are comparat-
ively simple mechanism devices, yet their heat transfer relations 

are decidedly complex. The test data are not readily reduced to 
simple coefficients as in the case wit-h many other heat trans 

processes, 

The mechanism of heat transfer has been analysed by 

	

(12) 	(22) 	ç23) 	(a)  

	

James, 	hansom, Wiles Goodman,Goodman,yet t 	mathematical  

treatment varies iddely. A comparative study of analyses of 
each of the Iuvoetigatioos Is attempted,, 

The determination of various heat transfer coefficients 
involved in the mechanism and the effect of varying, the air and 
water flow rate on these coefficients have been discussed 
extensively. Rating curves, are reviewed and prepared to predict 
the performance of the condenser at changing operating. conditions 

Further there Is an excellent graphical method suggebed 
by Thomson for analysing the performance of evaporative condens 
based on various intervening resistances involved in the heat 

DY 

transfer process, The problem a elected for the design purposes 
has been analysed by this method to illustrate its validity. 

A chart based on Goodman's analysis for determining. 
spray water temperature is prepared, which will be found very •~ 



useful in the design work. A, illustrative design of evaporat-

ive condenser has been made on the bawls of economical combina- 

tion of air flow rate and surface area. 

The various factors which contribute to fouling in an 

evaporative condenser are e1 berately dealt. The effective 

water treatment and chemical cleaning of the condensers are 

also discussed. 

Finally the economy of using an evaporative condenser 

is discussed in coniparis ion with other condensing methods such 

as cooling tower and condenser combination and " Once through " 

water condenser. The facto 	hieh in `luence the selection of 

the best all round condensing method for specific. application 

axe also dealt itth. 
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INTRODUCTION 

The meahani of evaporatjve condenser is 
dis cussed. 

2 



.INTR0D1JCTI0IT  

JSvaparative cooling was practiced thousands of - years 
ago by Jgyptions in cooling water in porous earthenware pots. 
It may came as a surprise to m , who have looked upon the 
evaporative cord enser as a recent invention to lean' thaj . 

at least as far back as 1902 patents had been granted for 
this device, 

In early days of a .r conditioning there were few 
restrictions , .f any, on the use of water for refrigeration 

purposes in most localities ,, '1,atsr was usually available 
in abundance and at law cost, The situation has now reversed. 
itself, hoover, and very fell cities In India and abroad are 
free fr©m water problem, or this reason it became necessary 
to have a clear understandingof the several types of refri-
gerant condensing methods and water saving devisee rhich may 
be used.. 	 • 

The evaporative condenser co bines in one piece of 
apparatus t,io of the oldest elements in refrigeration: the 
condenser ant the cooling tower. Unlike a seperate condenser 
or cooling toiler the condensing coil of the evaporative conden-
ser is directly in the spray of water and the air is drawn  
through both the condensing coil and the spray water as eho 
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The refrigerant is condez ed ins is a the coil,. any w-at-
er is sprayed continuously over the outside of the coil. The 
spray water' is collected in a tank at the bottom and is again 
delivered, to the spray nozzles at the top by means of a pump. 
The same water is circulated continuously, and is neither 
heated nor cooled dung its passage through the pipes 
connecting the tank, pump and spray nozzles, The spray rtwater 

wets the outside surface of the coil, the heat Is transferred 

through the wail of the coil to the water on its outer surface. 

But # the water as fast as it receives this heat transfers 

it in turn to the air flawing er the coil. 

The temperature of the spray water must alwayB be 
above both the initial and final wet bulb temperature of the 

air or heat could not be transferred from rater to the air. 

4) 
	 Hvaporatiwn of water takes place into air resulting 

an. increase In the moisture content. of t-he a r passing through 
the condenser, The total heat surrendered by the condensing 
refrigerant Is ultimatelytransferred to the air and results 
in an increase in its enthalpy. 

The water consumption of an evaporative condenser 
is of the order of 2 to 2.5 g lone/hr/ton of referigeration, 
which amounts to approximately 10% of the consumption In" once 

through water cooled oondensers,I  This low water consumption 

is possible since most evaporative condenser designs include 
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efficient eliminator's hich prevent any carry over of free 
moisture ,or the usual windage losses such as obtained for 
cooling tower operation. In addition to this, evaporative cork-
donser handling outdoor air Produces an additional saving 

by operating without water as c ; air cooled condenser during 

comparatively cold weather. Compactness of this equipment 

makes ij suitable for installation in crowded cities where 
• ePaoe is a costly factor as it can be easily located on the 

roofs of the buildings. 

. 



'H OR.Y OF HEAT  TR  SIR As APPLI D TOPVAPORATIVE 

Beat tranater phase of 
has been analysed by various 
comparative Study of analyB4B 
gators has been made. 

&vaporatjvo condenser 
investigators. A 
o f' di ferent vesti- 
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.0 	Outside surface area of the coil . in ago ft. 
Ai 

 

Inside surface area of the coil in S g„ ft. 

'r• Coefficient of heat transfer of the refrigrant film 
Btu/ °P' / hr/ ,eq.ft. of internal surface. 

Thickness of pipe in inch. 

Coefficient of heat transfer through the metal -veil of 
the pipe Btu / °P/hr/eq. ft./, inch of . thickness; 

fe 	External f li coefficient of heat transfer Btu/hr/°p/ 
e q. t, of external surface. 

x 	:fin surface efficiency, as defined by equation 2.1. 

Wet bulbk overall coefficient of heat transfer from the 
refrigerant film to the . outside air (including the film 
coefficient from water to air) In Btti/°F/ hr/ $ q. ft. (sa - ah u~) 

Wet b lb 
m.t,d. Logr .thlmic megn temperature difference of the spray 

:ter temperature and the entering air wet bulb 
temperature. 

fir• Coefficient of heat transfer of the water film from the 
metal wall to the wetted surface Bta/hr/° / e; q, ft, 

fe 	Coefficient for the sensiblee and latent heat transfer . 
from water surface to the outside air 13t ,/hr/°W e q. ft, 

Ar• 	Res tance of the condensing film on inner tube wall 

RM 	Reeitance of metal tube w ,i, 

R r 	Resistance of the water film on the outside of the tube. 
r 	Latent heat of evaporation, .btu/lb, 

fd 	Convective mace transfer coefficient between water and 
air lb/ hr. OF (ib. / lb.) , 	 1 

7 
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`.w  „ W Moisture content of dry air at spray water air Interface 
and main air stream flowing past section 	dA, 
in lbs/ lb. 

f e 	Convective coefficient of heat transfer between water 
and air Btu/hr / O / S q;, ft. 

t 	Temperature of the surface of spry .water film on 
condenser coils, also spray water temperature leaving, 

Enthalpy of the air eatu.rated at the constant water 
Surface temperature tv  

t 	Dry bulb to zperature of the air passing section d of 
condenser. 

tj 	-let bulb temperature of air passing through the section 
dAo of condenser. 

h 	Enthalpy of air passing through the section d. of 
condenser. 

fl. 	Equivalent beat transfer coefficient for latent and 
sensible heat transfer from wetted surface of the tube 
to air stream Btu/br/OP / s q. ft. as defined by 
equation 2.i8 

Fivalent heat transfer coefficient for latent and oen-
s ble heat transfer grom wetted surface of the tube to 
air stream Rtu/hr/° /s q. ft, as defined by equation 2.25.. 

Op 	SID elfic heat of air Titu/ib. 

G 	We bt of air passing through the, condenser lbs/hr. 

q 	Vetal heat transfer from the wetted Surface to air 
Btu/hr, 

Ui 	Overail coefficient of heat transfer from the condensing  
refrigerant to the outside air stream„ 

Rf 	Resistance for sensible and latent heat transfer from 
the wetted surface to air stream. 

hl 	Sthalpy of the entering air in Btu/lb. 
h2 	1thalpy cf the leaving air in Btu/.lb. 



-to„ Ooef icient of heat transfer for sensible and latert beat 
from wetted surface to air .'/hr/s qe-ft. f Btu. def 
by equation 	2.27). 

' 
	h. ~1 	2 

thalPIes of air s,a rated at onterir 	d lea d our- 
`lb.. face 	temperatures respectively 

Lo,arithi nic mean enthalpy difference between the wetted 
surface ani air # Btu.. 

U Coefficient of heat tranofar from refrigerant vapour to 
wetted surface E f hr/tleg. /e q. ft. 

z By Pass factor defined by the equation 2„ 36... 

Resistance for sensible and latent heat transfer from 
the wetted surface to air stream defined by equation 2.22. 

Rt1 Resistance (total) for beat f3 	from the refrigerant to 
the air stream defined by equation 2.21. 

V 



OH!3ETER I1 

THEORYQ' H 	TRAMPERAS APPLIED  TO 2VA1RVCONDESRS 

	

2.1. 	The evaporative condenser is a heat transfer equipment 
in which the refrigerant coils are %jetted by the spray nozzles, 

the air is either sucked in or forced over the coils, according 

formed on the coils. 1-inter is evaporated from the wetted 

surface to the moving air. The evaporated eater gets the 
latent heat of evaporation from the tubes, ntd the tubes in 
turn from the refrigerant, There is a sensible heat transfer 

also from the spray water to the air, if the spray water 

temperature is higher than the dry bulb temperature of the 

entering air. This fo ..ows that there is both sensible and 

latent heat transfer from water film. to air* 

The mechanism of heat transfer  in an evaporative cox 
ser has been analysed by James(12)  , Goodman, Thomson(22) 

and Wile (23)  yet there J:s insufficient data to pe n.it the • 
prediction of an evaporative condenser's performance with any 
reasonable ble accuracy. We find substantial agreement ong 
invest at + in approach, although the mathematical treatme*t 
varies widely. 

	

2.2. 	HE TRAP 1R THEORY- ,AMIS. 

James 	presented his analysis of heat transfer 4 

to 

Is 
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evaporative condenser at the amuai meeting of iM 1936. 

The ultimate heat transfer from refrigerant to air 
involves three different resistances in between,atart±ng 

from inside of the coil to the outside of the soil "sIf4cUw w, 324 

(I) 	That offered by the condensate film inside the Coilö 

Ao 	j, f 	 ' • 

That offered by the pipe x.11. 

Wrn 

(iii) 	that offered by the moisture aM by the moisture and. 
air films on the outside surface of the ripe 

%* f 
Where , 
x = fin surface efficiency 

Temperature difference between the air and the .. 
X - 	off 2+ct .ve fin temperature, 

Temperature difference beg at: the sir and fin 
temperature at its base, 

1.-0 for bare pipe. 

,Wet bulk K = ..«.,. . 
'X 	. 

A-- ,r 	fm 	Xfe 

11 
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2,2.1., The internal . coef'f'icient f , baa wide range of values 

ranging fro  160 to 300, 

The following are the factors,have a modifying 

effect on f , 

(a) Refrigerant velocity should be as high as possible, 

but care should be taken of the increasing pressure 

ss. 

(b) Hydraulic radius of the tube should be low* 

(o) Rot gbneos of the internal surface is important in 

view of the greater turbulence obtained by increasing 
internal roughness. But pressure loss will also be 

greater. 

(d) Mean tuperaturo difference is increased with increase 
of iz. t. d. 

'es n e of noncondeneible gases and other impurities 

also effect 'r but this 	common to li condensers, 

2,,.2.2. //fm , the -wall resistance in, the pipes is so 

insignificant that it can be easily neglected, without the 
s acrjflce of any appreciable accuracy. Since f is very 
large, 360 for iron Pipes and 2500 for copper tubing and I is 
also small,, the factor 3;f fM will be very small • Say for 
upper tube 1. = 0.05 inch*  and fm = 2500. It needs 
no actual. calculations to show blow insignificant will be the• 
value of 	f~. 	 • 
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1 
2 2 3j, The external resistance 	 can be broken 

Xfe  

into two parts ; viz 1/4w and 1/xf f 

The resistance i/xff 	may be treated as the 
resistance for the water film and 1/xfs € s the resistance 

for the water film to air. It is this resistance which has the 
major share in the total resistance. If any one of the two 
resistances 1/xfw  and 1/:ms s̀  is 3,o Bred; a considerable chaff 

in the heat transfer may result, 	 , 

The water to pipe coefficient; fw  will range normally 

from 250 to 1000. It depends upon the following. factors ;- 

(a) Water quantity. 
(b) Efficiency of wetted surface, phich in turn 

depends on water quJ.ity and method of water 
djstrjbutjon: 

The water to air coefficient 	fs  will range frau 

70 to 100 in a well designed unit. It will depend upon foUr-
ing factors 

(a) Vapour pressure difference. 
(b) Relative air and water velocities ani r 

turbulence, 

(a) water quantity.  



U 

The external coefficient fe a combination of f and 

and fs 	, i.ill range from 60 to 90. It will be more effected 

by the factors controlling fs s  than that by t r  « 

2.2.4. Fames 12 	has considered a single resistance for 
the both sensible and latent heat transfer with a driving 

potential as the lo crithimic mean temperature d ferenee•of 
the spray water temperature and air wt bulb temperature. Note 
that the wet bulb temperature rises log ithm ically as the 
air travel a through the unit;, He termed logarithirnio mean 
temperature difference as 'wet bulb m.t,. d." and the beat trans-
fer as " wet bulb k" to stress on the importance  of wet bulb 
temperature*  

Goodm n($)  emphasized on the point that the heat and 

mass transfer are t o distinct phenomenon and cannot be 

combined.. Latent heat transfer caused by evaporation of 

moisture, that is a  mass transfer,, has a driving potential 

which is the difference of the partial vapour pressures between 

the air saturated at the spray water temperature and the air 
of the main stream. On the otherhand the sensible heat transfer 

depends on the difference of the spray water temperature and the 
dry bulb temperature of air. 	Goodman in his writt.•en discussion 
stressed that the t differentO mechanisms cannot be 
replaced with a single resistance and a driving potential. 
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(22) 
.However Thomson 1.JW. 	has theoretically proved 

that a concept of a single r3sist ce can be formed with a 
driving potential as the difference of the spray water 
temperature and average h wet bulb temperature. Bis analysis 
is dealt next in the Chapter, 

2.3. 	I.ILA! ThANSPJR TiigcRY° - TIOISO . 

Thomsen B.J. (22) 	
• 

gave an excellent analysis ' of 
heat transfer applied to evaporative condensers. Re explains 
several mechanisms involved in the heat transfer process 
from refrigoratnt to air. 

Cc eidering for the clean surface of the coil. 

(a) tondensatien of vapour on the inner tube .surface. 
(b) Conduction through tube wall or extended surface. 
(a) Conduction aM Convection from outer tube 

surface through the water film. 

(d) Sxltaneous latent heat transfer, sensible heat 
transfer and radiationfrom the wetted Surtaoø 
to the air a tream.  

The resistances involved Iii th& first three me 
be: 

R = Resistance of condensing film on inner tube wall, 

fin. 

 

Resistance of metal tube wall. 
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Resistance of water film on the outside of the 
tube* 

A temperature difference exists to Overcome these 
resistances, It is a0sunid that the water temperature remains 
constant throughout. This followsthat the beat transferred erred 
to the water filmis immediately dissipated to the air 
This heat transfer from water film to air will be according 
to as item (d). eglocting heat transfer by radiation, for 
all practical purposes:,, it is fairly accurate to consider 
sensible and latent heat transfer only. 

2,3,1 , When air wet bulb and dry bulb temperatures are 
less than the spray water temperature, both sensible and 

latent heat transfer will take place from water to air, If 
only air vet bulb temperature is less and dry bulb temperas 
is higher than the spray water temperature, latent bleat will 

flow from water to air and sensible heat from air to watery 
I. e. the latent heat to be trausfezed 411 be the su of 

the sensible heat of air plus the beat of condensing bapour,. 

The latent beat transfer is through the, evaporation 
of water from the wetted surface to the air f .1nn. The driving  
force for this evaporation is the partial vapour pressure 
difference between, the air saturated at the spray water tempo.. 
rature  and the air in the Main air stream. It is - assumed that 
the air just near the water film will b e saturated at the 	• 
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spray water temperature; 'therefore partial Vapour Pressure 

may be replaced by the difference in the moisture content in 
lbs,/lb. of dry air. 

Thomson 22)  has considered a thin, air boundary layer 
in which air is essentially in lominar motion arotid i the 
wetted surface. The whole resistance to evaporation is concen. 
trated is x this film of " boindary layer, The water vepour' is 
first diffused through the boundary layer and then carried to he 
main air stream by convection, Since the boundary layer 

is affected by both the Shape of the surface and the air 

velocity, the water vapouz transfer rate is a2o affected 
likewise. 

Similar to that of the mass trans or is the sensible 
heat transfer from wetted surface to air in the case when 
spray water temperature is more than the dry bulb temperature 

Of the air. A concept of boundary layer can be formed.. here 
also:  so that the heat transfer is by conduction first and is 
followed by convection after the boundry layer to main air 
stream. 

In analyzing the e ` 'ectiveness of the heat transfer 
equipment, the various intervening resistances 411 have to 
be deter pined, It is quite simple comparatively where  the 
driving Potential is homogeneous throughout like temperature, 
But in this case of evaporative condenser there is both heat - 
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and mass transfer,. The latent heat transfer caused by the 
evaporation from the wetted surface has a driving potential 
as the difference between thr partial Vapour pressures,, while 
for sensible heat transfer from wetted surface to air the 
driving potential is the temperature difference between the 
spray water and deb. of air. 

James (1 2)  has tried to analyse by formulating a • 
concept of a single resistance for heat transfer between the 
wetted surface and air Stre i and considering a driving 
potential as the logaritbimic mean temperature difference of 
the spray water temperature and the air wet bulb temperature. 
The details of the James analysis has already been disused. 
Goodman who has done excellent analysis o heat transfer has 
c.ritic±eed James approach to the problem. 

2..3.2, m (leon(22)  bas , theoretically proved that a cancel t 
of a single resstjiee can be taken, provided the drIving  
potential for heat transfer may be the difference between the 

spray water temperature and average air wet bulb temperature. 
This equivalent resistance is given a symbol R.. 

The rate of heat tkan er for wetted, surface of 
inf1nItes mal area &Aa is the, sum of latent heat and sensible 
heat trans ferred ed per unit time, his may be expressed In 
the fol101Arig equation: 

d q = rfd 	V) + 	 • 
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in which rfd (W, - 11 ) dt, represents the latent heat transfer 

and fo ( tw - t ) d.Ao represents sensible heat transfer. 

London,, Manson and Boelter have shown for water and 
air mixtures Raynolds modulus 

d Op/c 	I 

0 = fa lcp 

Substituting (2.4) in equation(2.3. 

d 	fe /Cp { r(wc,«-w)+Cp (t 	-t )d 

In as much as the enthalpy or the heat content of the 
dry air with moisture associated with it is given by 

h= 	rw + opt, 	 . , • .. (2.6,) 

Uquat .on (2.5) aay be reduced to the followingform 

dq = fe/ C~ wr 'w h 	d 	....(2.7) 

this is the equation used by Goodman in his analysis 
of heat transfer . evaporative condenser. 

The heat, flowing from the infinitesimal area causes 
a change of enthalpy of the a ,r flowing Past it . 
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dq = 	h = to / Op (h - h ) dA.0 	••*•(2.8) 

"eariig equation (2.8) 

to 
d 	 •...«. (2.9~F h 	OP 0 

Assuming that the npra r water temperature rernairs. 
constant and therefore h1, ii constant equation(2.9) can be 

integrated 

h2 •  A 

d 	...(2.1O) 

or , 1 	 I 	 f 
Aa 

h 	- 2 ) 	 Op G 

"` h 
or 	 f0 

h .. b
2 

h W 	hi 

iç -h2 

Where 14 	AO 
CP G 

..But the total rate of 
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change in 5 thalpy of the air flowing throu.gh the condenser is 
given by the following equation., 

	

G ( hI  •— h2 ) 	 .t. (a1  12) 

b2  = q/G + hi 

It 
Ubstituting h2  In equation (2..9) 

	

( 	 h ) 	Q 	- ajG..b, 

or 	( 	, - b1 ) ( i ri.e14 ) = 

	

Therefore 	.. G ( 	,mo 	
t

e 

,. (hw -.hl) (;N .1) 

	

G ( Ii 	h1 ) (0 	a 	...(2.1 } 

Por the limited range of r. b. t. (55% to 100%) the 
enthalpy of the Lr and associated moisture may be •exessed 
as a function of the air wet bulb temperature. This can be 
represented as 

h 	.a.«...►..,,,,,..h 	 ... (z. 14)  
145 

Substituting In the above equation (2.13) 

G 
j 	 ... (2.15) 1.45 
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G  t  \  mom 
,ry 	r~r~nl~i~.r ( t 	+ -t ! 	C t j j w. 4T 1 ! 	( 1 — e 	,) 	...... (2. 1 6) 

`1 	145 	v 

,s~uming that the equation (2.16) may be ` r :tton in the 

following simplified form, 

g = 	P1 ,,O ( tw - tI )  

Then P1 , the latent and sensible heat transfer • • 

coefficient may be mitten as 

F 	= 	( 	' + 	j ) (i - e 	) •....(2.18)  
1 	145 .O 

In as much as the heat flow/unit area from the conens-

ing refrigerant to the air stream is constants the following 

equations may be writ=er for heat f3. through the 'wetted. tube. 

	

C ter 	t I ) = ç ( to — tv ) 
fm /i (tj -to ) 

f = 	_--_J. (t 	-   -tip 
Ao 

= 	U1 ( t, - t1) 	.K.(2.19) 

	

Salving for i/ U1 	in •equation 2.211 

i 	f ~ 
 

fin  
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Since the con .uctivities may be expressed as the reci-

procal of the resistances per sq.ft, of outside surface A, 

Therefore 3 

where 	 • • 

	

I 	 I 	I 

	

U1 	= R11,  
I 

I/f 	, I/fm  = ,RM  

and 	 z 

• The resistances hero are considered as resist ices 
to heat flaw/ 3q.  ft. of outside surface. 

The total heat transferred from on, evaporative 
condenser tube will be given by t- 

q 	= 	Uj o 	( tr  - t1  ) 	(fir - t 	....(2.23)  
Rt, 

It must be emphasized that the driving pot entice. 
R e ation (2.23) is the difference in refrigerant temperature 

and incoming air wet bulb temperatures, 
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This equation can be successfully used for calculating 
the heat transfer for condenser. 

The equation (2.17) can also be - used for the above 
purpose. The driving potential in this equation is, the. diffe-
rence In Spray water temperature and incoming air wet bulb 
temperature. The effect of changing operating conditions or 
design on F1, may be easily micinterpretted. Therefore, equation 
(2.17) is redefined. 

q = ?A0 	( t;  - t1  aye) 	 ...(2.24) 

where t1 r  average, is the average jget bulb temperature between 
inecning and outgoing air, 

0omParing equation (2.24) with (2.16) 

-M 

145 	
( ter - tl ave. 

It may  be. stated that ? & .I1  are related by 

t 	
ave. 	)2 



2.4. 	BRAT T .A 	R TI1ORY-- WIL 

Earlier investigators James 12) Thorns 22) used 

the comb .nation of temperature potential and vapour pressure 

related. by a comn coefficient, but the important. transition 

to enthalpy as the combination of these two forces seems 

to have occurred as a local sequence without specific 
(23) recce in the literature, However, it was Wile 	who 

used enthalpy as the driving potential In the analysis of 

heat transfer in evaporative condenser. 

2,4.1. The heat transfer in evaporative condenser has to 

distinct mechanisms* 

(a) The heat transfer from the wetted surface of 

the tubes to air, The driving potential is comp ed 

of both t .perature ard the v ,pour pressure diffe-

rence. This can be expressed by the difference of 

the enthalpies of the air saturated. at the ate.*face 

temperature and that of the air in the main stream. 

(b) he heat transfer from the condensing refrigeran 

to the wetted surface has the temperature driving 

potential. This 	 the difference  in temperature 

of the condensing refrigerant and that of the 

wetted surface. The heat transfer for the r fri z-

ant through the tube to the wetted surface can b~ 

25 



26 

expressed as the function of this temperature 

difference. The problem flow romainz in determining 

the theoretical vatted .surface temperature t, 

which forms a separating line between the tempera-

ture driving pctential Process aM the enthalpy 

driving potential process, por ately, this 

	

temperature t 	,. may not be detexm,jned precjee1 y. 

A small error in deteaminin may not comae a an 

appreciable error, since this will have an increas-

ing effect on the heat transfer on one side of the 

separating. line and a decreasing effect on the 

other, side. They may not balance exactly each 

other, but however their effect is compensating. 

2,4.2. 	Similar to the heat transfer equation with temps 

driving Potential , is the following equation used for the 

heat transfer from the wetted surface to air using enthalpy 
driving potential. 

q 	f3, Ao Lhm . +• (2.2 

11 ( hi - 1' .) _ (h 	h,. ): 
....(2.28) 

log 
( ,2 b2 ) 

	

-~ hi 	~. 	2 - 	) 
t~A 	'~` j~. p 

	 ****Of (2.29) 
*'1 

"' L42 , • 
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Sif that the wetted aurfce temperature .s constant 

tv2 = ...  (2. 30) 

T'her'efore s 1w2 *j, 	M.. 	 .f. (2.3'x) 

Whom 	corresponds to a theoretical cans tat 

surface temperature t 	which wili Produce the same a `ept 

as the variable surface temperature actually existing iti the 

cox eraser. 

1 	b1 

lob-, 
i •- X1,2 

Il 	 b 
log er 

bj -h2 

hV h2 

A 

q 

~  ~ q  

OR 	V 	I~w 	 21 (2 33) 

NOW since the i€ at abno ed by air 

q 	(b2 
	.....(2.34) 



Therefore 
h 	fs;  q . q/G 	efs G  

Let 	` 7 	 ry 	 h2 — • hi 	 t. 

h."' h1  

and 	z 	e 	 ......,. (2.)' 

Z is the bypass factor, represents that portion of 
the -total air gassing through the Weft-ed. surface„ which passed 
unchanged and remaining is supposed to be in .Intimate contact 
and .becomes saturated at the surface temperature tw. `'he inlet 
and the outlet conditions can be plotted on the chart. The 

intersection, of the saturation curve nd the process line 
joining the Inlet and outlet conditions gives the constant 
wetted surface temperature tw. The corresponding enthalpy 
h, can be readily determined now. Knowing hw 9  Z can be 
calculated. Z depends upon fep A and G ,. For the accuracy 
in detenmining tip f the :Inlet and outlet conditions should. 
be such that the intersection between the process line and the 
saturation curve is well defined. The dotted line In the 

4-2.2. rigure^repr,sents test points (1) and (2) but have such high 
relative humidity that the intersection of the process line 
and the saturation line is poorly defined. 

Up the overall coefficient of heat transfer from 



refrigerant vapour through the tube waIL and water Pisa 
to wetted surface can be determined nov. 

U .,. 	q` 	,.,.;,. 
S.....,.{-i.37) A0 ( tr_ t  ) 



THE P.RPt~4 AM OP . APO V CO 'D $ER 

The effect of va it g water flow and air 
flow rates on heat transfer coefficients is 
discussed exte iveiy. In ad itiou, coefficients  
of heat transfer, applicable to evaporative conden-
aers for bay pipe and finned surfaces have been 
compiled in tabular fbx. from pub fished I .ter#ture. 
A graphical et ad. suggested by Thou eon for 
on.alystn, the perfoa. ante of evaporative condense 
is discussed. 

30 



SYi3OL 

A0 	Outside surface area of the coil in sq.ft. 

Inside surface area of the coil in sq.ft. 

Pr 	Coefficient of heat transfer ofthe refrigerant film 
Btu/deg, P/hr s q. ft. of internal surface, 

Coefficient of heat transfer through the metes. * wall of 
the pipe Btu/deg,P/hr/sq,ft./j 	of thickness. 

f'W 	Coe 'fjoient of heat hransfor of the water film fit. : the 
metal wall to . t1 Fretted surf tce 8tu/hr/deg, P/s q. ft, 

B 	Ratio of the outside to inside surface of the coil. 
q 	Total heat surrendered by the condensing refrigerant 

that is, the total heat capacity cif the condenser in ,Btu/ hr. 
Co1weotjve 

fc 	L Coefficient of heat transfer' between air and water( Air 
film coefficient) Btu/hr/sq„ft./deg.F. 

fe 	Bxteria]. film eoo f-lcieit of heat transfer Btu/hr/deg. $'/ 
e q. ft. of extern. surface. 

fe 	0oeffzcient for the sensible and latent heat .transfer 
from water surface to the outside air Btu/hr/dege P/e q ft, 

Ui 	Overall coefficje t of heat raxisfer' from refrigerant va- pour to Outside air $t/hr/deg P/s q. ft. 
W # 	the rate of water flow per s q* ft of the projected ate . in gpm, 
W 	rate of water er hour 
L 	Length of pipe In feet. 
R 	Total resistance to heat floe from inner tube surface to 

spray water, dta y►,.at 61, a~w 3.3 

a 	Cross sectional ore aafor conduction. 

Thickness, of " fine . in ft. 
3 	fin spaces in ft. 

11 	Length of fins in ft, 

31 
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' 	Average perimeter of finned surface 

Afsurface of bare pipe to which fins are attached, 	 tti, 
tai 	Temperature of ineide eurface of metal tube de .F: 

q 	Temperature of spray water In deg. 1. 

Rp 	Res ,stance per unit outside area, 

G 	Weight of air circulated through, the Condenser lbs/hr; 
op 	'9pecific heat of air Ut► lb. 

/A- *iscosjty of air lbBf h r/ 't, 

mom. 	Air rate In lbe/hr/eq. ft. of minimum free election; 
Zp 	2 X heated length of fin over which air travels„ 

quivalent heat transfer coefficient for latent and sens-ible heat transfer fromwetted surface of the tube to air stream 	/hr/deg.P/sq,ft'. €a defined by equation 208, 
P 	Equivient heat transfer coefficient for latent and eens . le heat transfer from mett d surface of the tube 

to air stream. Btu/br/1 g. '/eq.ft. as defined by equation. 2.25. 

Rr Resistance of the condensjxg film on inner tube wall. 
Resistance n of n.ta1 tube wall. 
Resistance A. 

 
of the vrater film on the outside of the tabs. 

1,h thalpy of the entering and leaving 	 .r 	In Btu/lb, . 

Resistance 
the wetted 

for sensible and latent heat transfer 	 from surface to air stream. 

Resistance or sensible and latent heat transfer From the 
wetted surface to air strewn defined by equation 2, 22. 

R' t Resjst nce (total) for heat flew fro m the refrigerant to the 	jr etre n defined by equation  2,21, 
Rt Total resistance for heat flog from the refrigerant to: the air titre a defined by equation 	Rt  = R 	 f w+ 	+ Rr  .. 



ti 	Wet bulb temperature of the entering air Deg. P. 

U 	Overall coefficient of heat transfer from refrigerant 
vapour to wetted, surface X3tu hrf s q. ft./deg: " 

Z 	Bypass factor defined by. the •a uat n 2.36. 
hVI 	)ntha . y of the saturate air at the spray water temp. 

tr, 	Tempera1re of the condensing refrigerant deg*  P, 

Coefficient of heat transfer for 	ible and. latent hóat 
f m wetted surface to the air Btu /hr/a q. f't tu.. • 
defined by equation 227 

M 	q aftity equal to ( to TAM• a ) 

2' 	Ijusted bypass factor defined by the equation 
U' 	Adjusted overall o+veftjcjent of heat try fer from z'efri- gerant vapour to wetted surface Btt f hr/sq, ft/dog. P. 
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0 	III 

TIM POPO A'0E OF 1WPORATIVi OONTJSEES 

I: 1. 	In order to predict the performance of an evaporative 

condenser, it in useful to study first the effect of the 

v iable3 such as air flaw rate, water flow rate and the 
con. . ens ing temperature on th various heat transfer co f ,- 
cents involved in the heat flow processa, once this has been 
studied, the performance charaoter.stics could be drawn based 
on. the test results. 

3;2• 	JAMES' S ANAIYIS: 

In the analysis of heat transfer(disctwsed in 
hailer II) ,'James considered to, the external  coefficient 

of heat tran fer as composed. of both the .,water film coe fi 
dent fw,and the water to air film coefficient fa (Fig. 2.1) 

The extermal film ooe ficient 'e $11 be affected 

by the change in th air quantity or the water flow rate. 

3,2.1. W .,er flow as fectinç f the external coefficient: 

Water quantity 411 affect both the fw and t5 

Increased quantity of enter Will tend to increase f, , since 

the higher flog rate over the tubes will be obtained. But 
fw is already 250 or .ore, the effect of increasing the 

34 
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water quantity above a certain point 4ll be negligible in 

respect to overall performance. At that certain paint, the 

amount of the water needed to 1jet the outer surface of the 
tubes completely into a thin film of water, is obviously , 
the minimum quantity that would be required, lnorenectwater 

..quantity ,will tend to increase to  , the water to air coeffi-

cient, but as in the case of f , beyond 'a certain limit . 
its effect on fe gill not be pronounced, At higher water 
flow rats. higher relative air and water velocities will be 
obtained. and more water surface vill be offered as diffusion 
urface.. Test data in table 3.1 • on the experimental bare 

pipe unit illustrate this point. 

Moorting to test results not move than 10 gpin 
of water would have been necessary to 30cure: practically 

optimum perfoimarice, However, it is desirable to crculatz 

a little 5XS5 tr 	so as to keep the coils clean and 

wash all deposits down into the drain pan. bserving the 

water flow in run no, 3 Table 3.1 under glass t was seen 
that all Ocile were completely wetted but there certainly, 

as no t excess of water being circulated., 

While carrying  out theae tests, tames noticed that 
it was not necessary to apry water over coils. Distributing 
water through holes drilled. In thepIpe gave excellent reeilt 
and to some extent avoided the trouble of nozzle cloging. 



T Li' 31. 

• CHANGE 11 HEAT TRANSFER WITH W  ATER UANTITY &. 

l r. 	Entering nterig Afr quan Condensing Water 	of  
• (lb of 	, o 	tip 	Temp. 	o.i u- U1 value 

y 	 lated 
cfm o  

1 	 -. 77.5 	4303 	103.0 	2.5 	75, 5 
2 	91.8 	78.1 	4273 	103.1, 	4.95 • .84,4 
3 	91.0 	.78.0 	4456 	103.1: 	10.05 	9.2 
4 	90.2 	78.,3 4-280 	103.1 14.25 100.0 

The a unt of the make up. water required varies with 
the Operates condit ns. About 1.75 gallons per. hr, per ton 
will usually be sufficient but ordinarily some excess water is 
supplied to cay off deposits- on the i .. 

3;2. . 	4ir Plow a Affecting fe 0  the external Coefficient:  

With the increasing air flow rates, f the external 

film coefficient increases. When the air flow rate is increased 

higher gibbing velocities of water and air are obta ed.. The 
cross fled type  of condensers in which the air and water flow_ are 
opposing oprosing each other, greater t irbulence and ±ncreased diffusion 
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dace is created and this tends to incr3ase f2  and finally uu 

U1 	, the overall heat transfer coe icient. U1 will increase 
with increasing air velocity m d the rate of change depending 

on the type of surface. For a bare pipe 4th oppos ing air an d , 

water flow, U1 increases as approximately 0.475 power of velOci 

' dble 32. contains the test, data obtained by $ ames on an 

experimental bare pipe unit, illustrate this trend. 

TAE 3.2. 

C ' ' I ' H'AT TRANSFER WITH AIR  U TIT 

Entering Entering C ondens g Water re Air 'qua 	% of U 1  
No.d` 	w'bo 	TempP 	oir u1 - tity •cfm 	value 

OF 	p 	of 	turd g 

1 84.4 78.15 110.3 170 8 1901 71.8 

2 811.15 78.3 110.2 178 2780 85.4' 

3 80.75 77,85  1 t0.2 - 17.8 3830 100,0 

Starting with a higher value of ofii per ton and 

d;acreasing this quantity in regular increments, it will be 

found that the rate of decrease of to rath1 io mth& m.t.d. 
is fairly uniform doin to the point where wb, temperature rise 

is approximately one half of the difference between condensing 

temperature an entering air 1ret bulb temperature. Any further 

decrease i..i . result in a sudden fail of m. t. d. 



With surned deigned conditions of 110 OF condensing  

and 78 degrees P. entering wet bulb tempeDatf.Ye1 the wet bulb 

temperature rise to satisfy the above point should not be aboire 

16 dog. P. With 16 Deg. P wet bulb a temperature change through 

the unit., ap roxiinately 190 e2a of air per ton is .required 

However it must be pointed out that either higher of lower 

values may prove out to be economical for a particular combine* . 
tion of coil and fan.. 

A balance between the cost due to £m size and 

Horse Power and the effect of air tntIty on ,heat transfer 
should be maint ained: 

3.2.3.  Condensing Temperature effect on, fe  s  the external 
Coefficient-:  

A change is the condensing temperature  , or temperature 
level has a marked effect on coe icient f , since it directr  

affects the vapour pressure difference between the et bulb 

temperature axe the temperature of the vetted surface, Heat 

transfer decreases 4th decreasing condensing temperatures, The 

vapour pressure difference is au important factor in deterining 
the magnitude. is which might more correctly be called a coef 
Tice nt. of vapour diffusion. 

Suppose that the following two sets of •conditions 
existed in two identical units. 
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19 110 O  condensing temperature 85 OF wet bulb temperature. 

2, 90 0p condensing temperature 65 OP wet bulb temperature 

When all other rariables such as air velocity $ water 
quantity etc., are s e $ Unit I w .1l have the higher heat 
transfer value. 

In both cases the mean temperature difference is the 
same ..but tnalysia ahows that in unit I there exists a greater 
Vapour Pressure difference between water to air than exists 
in unit 2, A0suming a drop of 10 OF bet Teen the condensing. 
temperature ani the temperature of the outer surface of the 
wal1t the conditions should be written as follows : 

1. Surface water temperature = 100 O F with 85 0P Av. w.b. 
2, Surface water temperature = 8C3 0P  with 65 0P AV, If, b. 

Unit I should have at vapour pressure d ifferente of 
1.916 - 1.201 = 4.715 inches o ig, while unit 2 you; . 
have a vapour pressure difference Of 1.022 -, 0.616 = 0.406 in 1. 
Since Vapour pressure difference being the driving force, unit 
I would obviously have a faster rate ofevaporation, and there-
foro a higher value of film coefficient. 

Test data are show: in Table 3.3. to illustrate tb3 
effect et of condenser temperature on heat transfer. 
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OHANt IN 	TRANSPR WITH 	 NGIi COND1N8ING T PERATU B 

Run 
No. 

Entering 
O F 

Entering Air quern- water 'aye- ondens- 
in' 	`erne. 

Pereents, 
d.b. OF ww«b. tity aft ci,rculat-- of U1 

OF value 

1 97.1 78.05 3370 17.4 90.3 88.3  
2 79.95 77.85 ' 3730 17.5 100.L 94.4 
3 80.75 78.22 3836 17.8 110.6 100.0 

3. 2 r 4• 	tat .n '; u]C~T$ 

BY selecting a set of different wet bulb temperatures  
the corresponding total, heat capacity can be computed with the 

help of the 'wet bulb m.. t. d. and U1 , Ieeping the condensing 

temperature const nt. Potting wet bulb temperatures versus 

heat capotty in mher of curves could be obtained for 

different  con tart con&ensing temperatures. These curves are 
shown in Fig, 3.1. 

An improvement is this usual type of rating curves i-s 
suggested by James, Plotting C;ipacity versus tnt~aL h h n * 

entering air tends to straighten out the Curved line relationship 

obtained in the Pig, 3.1. Such type of rating curves are shown 
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in fig. 3.2. 
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J series of tests have indicated that a straight line 
could be drawn through the test points at any fixed condensing 
temperature when the total heat of the air is plotted against 
the c ,pacity. Such a straight line intersects the zero capacity 
ordinate at a point ,here the entering air total heat corresponds 
to a wet bulb air temperature equal to condensing temperature, 

3.3• 	TH+t Aso ''e A 	SIS: N Y 

3.3.1. The z al Coefficient of heat Transfer: 

The over all coefficient of h. gat transfer Ui ,. depends 
upon the various intervening resistances in the p h of heat 
transfer,,such as those due to the refrigerant film , metal wall, 
Later film and zr film. 

For fl 	the resistance of the refrigerant film only 
enough data are available. ICratz with experiments on horizontal 
shell and tube type evaporators found out the average film 
conductance , f for condensing Sonia to be 1635 Btu/hr/°P 
f aq. ft. Sherwood also with shell and tube type of aimnonia con-
densers for condensing and desuperheating found a value of 
Fr 

 

=' 950. 

Sherwood and Holland with double pipe Sonia condensers 
including desuperheating and condensing obtained experimental 
data which were converted by a graphic al analysis by Thoznasont 
to film conductance from which fr  = 600 was obtained. 
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In the absence of more specific d.ata it seems desirable 
to use some average value for ca1cx1ation purposes. hert e'a 
value of " . = 950 might be considered suitable for this 

Table 3,4 shows the values obtained by different invos-
tigators for P. 

PR0XIMJI RIAT TRAS '. R CO, PP101SIR Fr;  B12TWi3 ;N C0NDNSiNG 
WY 

.- 
Condensing Refit. 	Pr,Btu/hr/'°Pf  sq. ft.  SCURCS 

Ammonia 	 95 	 S wa 
. 	'reon 12 	 i1} 

James 

Carbon Tetrachloride 	300 	 Th,ll 
Dichioro ethylene 	350 	 Hall 

The ° hernia]. conductivities for materials used in 
coed erasers are So large that the resultiag resistances became 

negligible and may be neglected in most cases. " he nal conduc-
tivities for steel and capper are approximately 360 and 2500 

Btu/hr/°F / Sq. ft./in respectively. 

The film conductance from the tube surface through 

160-300 



L&.) 
AD 

the water film appears to be Influenced by the rate of evapor--
tion , air rate, water film thickness, or rate of spray water 
Table 3.5. shoI4 the results =T iomaon has obt ained from an 

evaporative condenser. 

'  able 3.5, 	eet o 	1 ter Film Thlc snes ar4 Air 

Ve 	the 'ater  	heat transfer 
Coefficient 

Water rate, gal./min 	Film 	Air Velooity , `t/ min. 
/sq. tt, of projected 	thickness 100 200 300 	400 
area. 	 Lw - Bta/hr/°I"/sq. 

7.45 0,015  870 950 --- 

3.33 0.0118 640 700 	760 	620 

1.52 0.0091 450 500 	530 	580 

0.62 0.0067 300 350 	390 	- 430 

Thomson also noticed that although heat transfer rate 
increasodas the water film thickness increases while the rate 
of evaporation decreased with the increasing fIlm thickness, 

The data obtained for f' from the 'trickle' -type of 
coolers can be aueces l sf y used for the evaporative co ensers. 
The water is supplied by perforated water distributing pipes 
Placed above the bade of the coil. McMams(15)  gives the 

emperical equation for the • film conduct ce for trickle coolers. 

(2 D L 	) 	 • 
P 
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The equation given by MoA.dms can be reduced to the follo4 .ng 

f,. 

 

= 408 f ' 	 ....(3.2) 

Where V is the rate of water fiowf eq. ft -off` the pro eeted area 
In Gallons per minute,. 

Film con3uctances f, for various water rates have been. cputed 
by means of the equation(3.2.)and are given in Table 3.6 

TABLE  

111E 	'RAI 	O0E ~FICi 1 S BEPW E1N PIPE $JRFAC 3` OD WATER 1 KIN 
FOR VARIOUS A O; Rj 	, 

0,5 325 	2,5 555 	4.5 	675 
1.0 407 	3.0 591 	5.0 	700 
1.5 470 	3. 622 	5.5 	722 
2.0 516 	4.0 650 	6 •743 

It may be noted that the va ue of f given In Table 3.6 
agree closely with thc~e obtained vn ee bj Thomson for low air 
rates, for high air ratan the values of 	found out by Thomson 
are higher than those shown in Table 3.6, this may be explained, 
by greater turbulence obtained with higher air flow rates, 

If the water is made to flow turbulently over the coils a higher 



value of f'ww  mety be expected then those computed from MoM ne 

equation. This may be accomplished by spraying the water from 
a nozzle rather than water drip. 

In ease Of the finned surfaces the resistance to heat flow 
offered, by the tubewall. and water film wetting the surface can 

be expressed ap.;  roxi iately by a single equation as given by 

he 	ide(2)  

R, 	 ... (3.3) 
fc  ( 2/m • taoh(m11 ) + )A4 

And the total rate of heat transfer in Btu/h' in texas of 

R is a cj ressed by the following equation 

( 	- tw ) 

	

q 	 ...L (3. 4) 
R 

• . quation (3.3.) can be simplified by the followbg  

considerations 

1. The numerical magnitude of the product ml for evaporative 

condensers is greater than 2.3, therefore tank ml, = ml, 

2. The thickness of the fins is small as comp ,d with the 
spacing ,, thus $ + fi = 

3. The surface area A. is approximately the inner pipe 

area Aj . 
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With these approximations equation 3.3. may be sit plified 

3 to , 	a = 	 (3 5) • . i • 	i 
" ( 	11  ` S ) 

We have been alw $ . considering the resistances per sq. f't. 

of the 	outside area, the equation (3,5)mar be reduced to: 

3 

;x (211 +8) .'.w 
Ac, 

Vhere R,p  is the res s tance per unit outside area 

The v .us Rp f, 	, based on equation (3.6) ar given in Table 

3.7 for several finned surfaces. In order to find R., divide 
values of Rp ' r from table 3.7 by', , a1 se) ected from table 

VAIUS OF TH. R DI D*1 SIONL8S 14ODULUS Rp 	rOR 	R PIN D 
SUR1 AC1S QE AN EVAPOBATIVR COED BR. 

Nominal die. of 	Spacing cr 	Length of fins, In 
standard Pipe, in. fins, 3n, 	+ 	3/4 	1 

1/4 	1.67 2.18 2.56 3.16 
3/8 

1/2 	1.62 2.05 2.42 2.99 

1/4 	1.61 1.99 238 2.77 
1/2 	1/2 	1:55 9.88 2.25 2.64  



The convective coefficient of heat transfer ff  , .s a 
function of both the outside diameter of the condenser pipes 
and the air rate. Table 3.8 	computed from the equation 3.7 
given by McAdams for air flow pt 10 roes of staggered  pipes. 

= 0.133 Cp Gmax°'6/ 1.4  

VARIATION 01' TH.3 0ONViCTIVA ILA TRANSFER FACTOR To BARB 
DRY- FIP. t  $TAGGRD 	10 ROWS DIP WITH' AIR RATI AND JP DT.4M. 	.° 

Air rate, lbs/hr sq.ft. 	Pipe diameter, inches. 
of mm. free ovoeeec .on of 	 2 condenser. 	 3/8 1/2 3/4 1 

1000 	 4.7 
1500 	 6.8 6.2 
2900 	 9.2 6,0 7.4 
2500 	 11,00 10.0 9.1 8.4 
3000 	 12,1 11.0 102 9.4 
3500 	 13.5 12.3 11.3 10.4 
4000 	 14.5 13.2 12,1 11.4 

For the other , arr gem arty a of staggared oondens er piping, 
the values of Table 38 may be multiplied by the coefficients 
Sho can in Table 3.9; 



C- 	- - r_O P?I0I g111$ TO B U$D ME VALUES OP TAJ3L 

Rove deep 2 3 4 5 6 7 8 9 10 

CoefSioiens 0,7 0.82 0,87 0.92 

_____ff_•  

0,94 0.96 0.97 0.99 1.00 

The convective heat transfer factor f for dry finned1 

surfaces are slightly lower than those 	bare pipes , MeAdma 

gives -m emperical equation for several types of finned surface 
umsly 

i:i 

( 	
1/2 

Table 3.10 has been prepared by the above equation for 

severl finned surfaces,  

TOLS,  3. 10 

C0IVJQTIU 00,011I0INT OP Ht3AT TRANPR to 	FOR 8VRAL 

ON CRIMPED DRY PIIMSD SORPA038t  (Values of f e  are given in 
Btu/bz'/°lf/ s, t. for air at 9Q01,  Fin spacing is  1/4 inch.) -- 	- 

	

-- 	-r 	- 	--*. 	---- -- 	- -VU ------ -Il' 

binal dia. of 	Fin length Air rate in lbs/hr/ft2  of minim 
standard pipe t  in.. 	Inches 	free area. 

- 	- 	 ----- 

	

0.5 	8.3 	10.0 	11.6 3/8 	
0165 	8.1 	9.8 	11.4 1/2 	1,0 	6.3 	7.7 	8.9 

	

0.5 	708 	9,4 	10109 
3/4 	 I O 	6, j 	7,5 	809 
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c , fo . the above table are based. on dry surfaces, but 

it is believed that they will hold approximately also for a 

wetted surface. 

rha.c~l ysis 	 coteerfoz'rnanoe4  

The graphical method has been found to be very useful 

and simple in determining the perfoiiance of an evaporative 

cor4er er. 

The calculated rosistancare plotted on the aboissa 

UptJk.  . .!# %f w'*jrWi fA- -a'/- a 	V t* 	 V_ • S* 	 VW 	- 'V  

ger on the ord note. For illustrating this method the data of 

the condenser designed in Chapter IV are taken 

Condenser ►at x: 

Compressor rating to which condenser is to be collected 75 T 
0ondensirg Temperature 

Suction Temperature 

Wet Bulb temperature of air 

Spray water temperature 

Air' handled per hcur 

r'face Area. 
Pipe size for the coils 

Rate of water flow 

'c value taken 
U , overall eoef '. of heat transfer  

103 OF 
40 

83,500 lbs. 
1263 Sq. ft. 
3/8 inches std, 

nominal size. 
0.7 mss` t. of 

projected area. 
12 Btu/hr/off,. ft. /Op 
133  -do- 



5 

f ' = 300 B /hrfOF/eq. ft. ft 	364 Btu/hr/°?/EJq, ft. & 1 =0.091 
$UT N: 

 
inch. 

• G 	( 	+t ) ( 	~-e )
•  1 

145 

to 

0.24 

substituting the value of t 	.. and G 

x'1 1 M -•--- 	0, 77 
65 x 0.24 

tw , the spray wator temperature  as detexmlnod = 97 O? 

• subefltutig the values of 	t r an ,t 	in the 
equation.(2.18) we get ,. 

8350 	(97 + 80) (1 	a-14 ) 

145 x1285 
put M 0.77 

83500 ( 97 - 80) (~ ' I ~. ,7 0,6 77 

145x1285 

42.7 

Therefore R 
1. 	1 

42,7 

0,0234 





The various resistances may therIfore be calculated. 
1.37 

No 	R , 	- 	= 0,00457 
300 
0.091 

0.00025 
360 

I qtr = ,~,..... 	.,.~....... 	0,00275 
364 

... - 	.:...... .,.~.,~ 	0.0234 

	

f l 	42.1 

Rt1 , the total resistance for the condensing refrige 

to the air flowoutside, is the sum, of all the resistances$ 
ealeu3.eted above 

-- 0.03097 

The total heat flow therefore will be, 

1285 t 19 	= 960,000 Itu/hr. 
0.03097 

Fig. 3.3. shore the graph of . the magnitude of the resie_ 
tancea ard the temperature gradient. The temperature gradient 

iw obtained by drawwIng a Straight line from a point caarreapond 

to the con dei I!lg refrigerant temperature (103 0F) , d the 

point of intersection of the entering air vet bulb temperature 
(80 °i ) and the total resistant Rt 	she temperature of 

51 
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the spray water can be read from the graph directly and is 
97 OF as given in the problem. 

It may be noted here that tYa resistance from the 
refrigerant film to the water film is smaller than that of 
the resistance from the water film to air, be oe 

unbalanced resistanoes which appear to exist load to orror ous 
conclusions, however once the air wet bulb temperature• change 

in its path through the condenser. :tither equation (2.25) 

may therefore be used for mass and heat transfer factor: 

The a.riving force for the total heat transfer from condenser 
t'retted surface is taken as the difference between the spray 
water temperature and the average air wet bulb temperature. 

The leaving air wet bulb temperature may be detezmiued corres- 
ponging tb 	cemputed from the folio .ng equation used 

q 	= 0( h2- b1  )  

—+h4 h2 0 

The leaving air yet bulb temperature to 90.5 o' , an-d 
the average .wet balb temperature of entering and leaving air 
viii be 85,25 o' 

abat .tuting the kno rn quantities in the equation 

1 	e) ..(2.25)  
145A,o 	( t 	t w 	9 ave.  
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7- 

65 	( 97 + 80 ) (97 - 80) 

145 	( 97 - 85.25) 

~. 62. 

Therefore R 	= 1/i 	1/62 = 0.01615 

` he various roeistancea known are : 

0,00475  

Rm =0,00025  
9„00275 

0.01615 

The total ztsistance 	Rt = 	Q.02372 U, the overall 

coefficient of heat transfer 	YCJVw Y~, 1 l Q~n Q vv~ 	O a 	Q1aiw. 

1/R. 	= 1/0„02372 	= 42.2 Btujhr/sq. ft/°P 

U 	= 	42.2 B 	/hr/a .it. /° 

Therefore, the total heat transfer from the contIenaer 
vi fl be given by 

q 	 i 	( t  	tl acre) 

w 42.2 ( 103 - 85.2) :c 1285 

965,000 Btu./hr. 

.— 
This rasult ebeoks clo s sly with that previously 

obtained. 
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It straight  ;ine is drawn joining the condensing  

temperature to the intersection of tea avorgo wet bulb 

temperature ani the equivalent resistance R. I it will be 

noticed that this ljne lies on the previously drawn tempe-
rature gradient lire. It may also be seen from Fig. (3.3) 
that the apparant unbalanced condition for heat transfer has 

been altered by using 	R.f, 	instead of R f, for the resistance ce 

to mass and heat transfer. 

The voriou8 resistances or an evaporative condenser, 
established once'  will not change with the changi.ng operating 
conditions such as lc . or entering air wet bulb temperature, 
provided the water flow and ,4r flow rates remain constant, 

In order to determine the pe oxmance of the evaporative 

condenser for any changed. conditions of the entering air 
wet bulb temperature aid tin refrigerant temperature, another 

straight line should be 6rawxi for the new refrigerant temperatu 
to the inteieotion of previously drawn total resistance line 

R 	with the new wet bulb temperature of entering air, 
Such a line Is sho In dotted in the fig, (3.3) 

The variables such as the spray water temperature, 
I 

average air wet bulb temperature and the pipe wall temperature 

can be obtained from the graph immediately by noting the 

intersection of the temperature gradient line with the varicus 

resist, aces; The total heat from the condensers may also be 

computed, from the known total resistance and the difference • 
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5. Sithetitute Z' in the equation 

 

h~  
G ( 	- z') 

	

can be calculated 	• Determine correspoUng 

	

Values of t' 	, the 	adjusted wetted su.rf ace tempera- 

tune. 

6. Determine value of adjusted U' by substituting t'e 

in thG equation 

U'  

	

( 	tr 	) 

7. Plot U' very load as shown in ' ,ig, (3.4) If the dataa 
are determined aecuratoly, the graph should follor a 

am ooh curve. 

3.4 , 2. Rat inOrve «. 

These to curves define the condenser performance, for 
any combination of entering air wet bulb temperature and 

	

condensingrefrigerant te r 	, The method  of pzeparing  

rating curves ie as follow 

3.Assume any desired heat input and from the graph find 

out the corresponding values of U and Z. 

2. 	Determine t , 	from the equation 

t"trt t U4 



find out the corresponding value of the enthalpy h 

3. Deteair the entering wet bulb temperature t1  from the 

enthalpy of h j in. the equation. 

4. By selecting different values of condensing temperature 

corresponding entering a wet bulb temperatures are 

deter .ined . for a fixed. assumed , value of heat .input. At 
different values of Iaeat inut, different sets of 
vale--e for eondersing , and entering air Bret bulb tempera-
ture e . be our  out. The values are plotted as ehown 

in ig (3.5). 

3.4.3.  Effect of Mr Velocity Variation;  

Z, the bypass factor should increase with the increase 
of G 9, the air flow rate. ' Thit the test results show that Z 
remained practically constant when G was increasedfrom 2600 to 
3100 of, This may be epla-' ned by the increased -jetted surfs 

area due to the ,beater turbulence created as a result of 
increaseavelocity. At increased velocity of air the -water 
droplets in the tube bundle will foz. t additional wetted surface 

in contact with air stream. The wetted surface i.s considerably  
greater area then the actual area of condenser tubes. 
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3.4.4. 	eofLogdjgopypass  Factor Z d °oeff dent U'. 

The graph in the 'ig (3.4) shows that the bypass factor 
Z is decreased faith the increase in loading. On the otherhand 

e quatiou Z 	a 
shows that the bypass factor Z is independent of load if 
physical relations remalnedeonstant,, Air quantity slightly 
varies with load at constant fan speed- Moreover according to 
tests 7 remained practically unchanged .tII the increased air 
flown rates, 

An inc rase in loading will result an increase in air 
and water temperature along with an increase in moisture content 
of the leaving air, This will case a change in the air thermal I 
conductivity and viscosity and will tend to increase the heat 
transfer coefficient from water surface to air. this will reduce 

the bypass factor. At increased water temperatures ,viscosity andi 

surface tension of water is lowered resulting in the formation of [, 
more amber of droplets thus giving  rise to additional wetted 

surface. This further reduces the yp&is factor.: These factors 

are small but they oanbine in the same d :rec't16n. U is only 
slightly affected by the increase In loading . this is evident. 
frau Pig. (3.4) 

3.4.5.  Variation of  Water T rn e ratu,re within the Tube Band. 

The water surface temperature rises, as it enters the tubel 

bundle to a iIAaxinrnm near the centre ani then decreases to r rds t 

the bottau of the bundle. "Since cooling of the water takes place 
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as it falls frau the tube bundle and additional cooling occurs 

in the sprays above the tube bundle* ftrtber more a considerable 

amount of wetted surface exists in the eliminator at the discharge 

of the condenser which w . . also cool the spray water* In the 

P ure (3.6), the solid line tw  is the theoretical wetted dur-

face temperature defined by the equation 

hi= 	h, - oIG(I - z) 

Its position is suoh that 

where they refer the respective are in  the rig. (.6) 

It follows therefore that 

rd 1 +D 

the dotted line representing t, defined in 

equation 	 - 
tJ = 	q/ (tr  t) 	most lie above the. 

solid line itb the result that U and p 	should be some what 

larger than jndioated by the equation eM.eaed sbbve; Water 

temperatures were meaty red during several test z2 by inserting  

the thear t eter to the various depths in the tube bundle. A  

small Perforated cup was provided to catch a part of the water 

flow without contacting the tube surfaces* At a beat input of 

• 2 „56,000 Btu/hr Wile noted a rise of 10 o f in the centre of 

the bundle with the inlet aid outlet water temperatures. This 

shows that the wetted surface temperature should be higher than 
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the temperature of the recirculated water. This difference is 

of the order of 2 ° ' for maxi loading. 

3.4 6. 	 ectofV iater F !Rtes: 

The effect of varying water flltq rate is elm in 
3 

graphs of RIg. (,7) , The dotted portion do not indicate actual 

readings but are showing the tendency when the dry performance 

is approached, By increasing the water flow rate, bypass factor 
Z is decreaae and the coefficient U is increased. Both eanbine 
to Improve the perfoa: ante of the condensed 

This is explained by the increased turbulence and 

the greater wetted surface created, thus reducing the 7i r e 

factor Z . 	since  is prncticafly e ons Cant U depends on 

fv 	with the increased water rates,. turbo enee in the water fi, 

increases f . and 4th it the coeffic lent . U, 

3.4.7.. ffeet of Refrigerant .xperheat on Heat Transfer and Seal 
formation: 	

..~,.. 

It is generally believed that superheat of refrigerant 

in the condenser causes rapid accumulation of scale. 'this Is said 

to be due 1 the higher temperature by the coil aU, However, 

according to Wile superheat h.s no effect on scale formation. 

carried out several tests & found that the spperheat of tie 

refrigerant hea no affect on scale formation. 



AA. AA v 

TIWD GN OPEVQRATIV1 gP1DENRSER. 

The graphical method for determiningg the spray water temperature 	 r  is fund very useful in the desk 
w0. 

The minizuin values of spray water temperature, 
eurfaee area axe the air quantity that cen theoretically 
be used in an eva, orat.ive condenser are also discussed. 
Selectjn of air quantity and coil area are dealt, 

:tinaUy, there ±e an i .lus t#~ative design of the evaporative condenser. 
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Ao 	O tside surface axa a of the coil in + q. ft. 
Aj 	Inside surface area of the coil inaq.ft, 
Fr 	Coefficient of heat tr , for of the re'r ,gent fi3.. 

Btu/ deg. P/ hr/ sq.ft of internal surface. 
Thickness of pipe in inch. 

fm 	Coefficient of heat transfer through the metal-  wail of the pipe fltu/ deg F/ hr/sq. ft/ inch of thickness*,  
Coefficient of heat transfer of the water film from the tai. , all to the wetted surface Btu hr deb„ f s .fit; 
Ratio of ths outside to inside surface of the coji 

q 	Total heat surrendered by the condensing refrigerant that 
Is , the total .heat capacity of the condenser in Btu/hr 
Coe£fio jent of heat transfer between air and water (Air film coefficient) , Btufhr/s q. ft./deg, P: 

Z2 	A quantity that depends on M, defined by equation 4.1. 
A quantity depended b7 equation 4.1. 

G 	Weight of air circulated through the condenser lbs/hr.. 
N 	A quantity defined by equation 4.8  

Temperature of spray water in dog, F. 
tr 	Temperature of the condensing refrigerant in deg, f 
t j 	Wet bulb temperature o " t1 entering air, 

tsi Temperature of inside Surfaceof metal tube dog. F. 
too  Temperature of outside surface of metel tube at d.eg. F. 
SA  Scale of abotesa, inch per deg; P. 
so  $ cale of ordinate,., in per Btu, 

op. 	Specific heat of Air Bt lb, 
U. 	O 'erall coefficient of heat .  transfer from refrigerant to wetted surface ]3tu/hr/s q.  f t./deg;: P. 

63 



64 

h1 h2 . ntha1py of air enter .ng cozden8er and leaving condenser Btu/lb, respectively. 
hV 	Enthalpy of airat a e : temperature equal to the 

temperature of thO Spray water 	/lb.. 
A quantity defined by equation 4.15. 

1) 	Diameter of the coil*.( outeide) in Inch, 
k0t d `, e ek 	 madQ„ 



CH TER IV 

THE DESIGN OF EVAPO1 ATIV1 C0NDi1RS. 

4.1. 	The heat capacity of a cod ens er is the mount of 
heat that can be transferred from the refrigerant to the air. 
This must always  be greater than the tonnage rating of the 

compressor to which it is to be connected. This is because 
the total heat rejection by tbs condenser Includes both the 
heat of o pression and the net refrigeration effect. Although 
a compressor can remove, 12000 Btu/br/ton it rejects to the 
cool ens a r this amount plus the heat of compression. 

In order to obtain the total heat rejOetion to the 
condenser,: the heat of compression and the refrigerating 
effect should first be computed. 

A" freon " compressor operating between a condensing 
temperature  o f 102 °'. and suction temperature of 40 eF 
will reject theoretically, slightly more than 228 Btu/min. 
to the condenser per ton of refrigeration capacity or 
13680 Bt hT 

This -will be best understood by representing the 
process on the P - H chart?  &ow 	4.1 

The refrigerating effect = 83 - 31 = 52 Btu/ lb. 
Heat rejected to conden-ser 	= 90 -- 31 = 59 B/  lb. 
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Therefore, 
59 x 200 

Heat rejected I Ton = -- .0w 

52 

228 Btu/sin. 

Based on the above calculations a giber of curves 

can be plotted on a graph between condenser beat rejection 
factor as the ordinate and saturated discharge temperature 
as aba oa for the different constant saturated suction 
temperatures. 

The heat rejection factor is defined as the ratio 
of the condenser, heat rejection divided by the refrigeration 
effect. The Lig.442 spew S the curves obtained for open 
compressors using freont2 as refrigerant. 

Condenser heat rejection 
Condenser heat rejection fan  tor 

Refrigerating effect,. 

These curves are very useful in the design and save 

a good mount of time involved in .enputing the total heat 

rejection to the condenser. 

4,2. 	oaiPuTATiONop TQT.A H"AT TRA ISFLRR. D: 

There is no need for saperately evaluating the 
transfer of sensible heat and the moisture between air and 
water*  The total heat transferred by air in evaporative 
condenser can be easily computed by the following equation. 

CI 
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q = 	G ( 1, . hi .) Z 2 	 ..... . (4. 1) 

Where 	Z2 =( 1 a ) 	a 

This is the same equation as that a quat on . , 4?, . 

ter c .culat,ing i for a given set of one tions., 

the factor Z2' can be found . the total i tity of heat 
transferred from the t Ater wetted. surface of the coil to air 
can be computed by moans of equation 4.1. Before equation 4.1 
could be used#  the spray eater temperature must be kno in 
order to find 

Generally the condensing temperature and the initial  
wet bulb temperature is known and the spray crater temperature 
is to be computed. 

4.3. 	.IJE 3:r.IU'1 2 d.  i✓ N OF S PRHet WATER b M+ SRdam. URN. 

Since the temperature of the condensing refrigerant 
and the temperature of the spray water may be taken constant 
throughout the condenser, the temperature of the metal  U 
may also be considered constant throughout. The temperature of 
the metal surface must be at a point between the temperature 
of the condensing refrigerant and the temperature of the spray 
water. 

The heat transferred from the cor1ensing refrigerant 



to the metal wall is given by t 

q = fr " ► - is )Am . 	 (4.2)  
B 

. . 	q = f ( t80 	t . ) Ab 	.... (4.3) 

In as much as the metal wall of the tube is thin and 

its conductivity bight the resistance of the metal wall to 

the flow of heat is negligible. Hence, there r .il not be 

any appreciable error in considering the temperature at the 

outside and insi1 a surfaces of the tube being equal 

i.e. t j 	tso 

B  . stating t30 and t5i in the equation (4.2) and (4.3) 

c 	cjB 

AO w 	 o fr 

'Theref ore 

	

~. .~ + 	) 	(ti, - tr ) 	.u...(4.4) 
Ap fw 	fr 

Let 	-~, ... 	+ . 	.., 
U 	W 	Zr 

Substituting (4.5) into equation (4.4) 

q 	= UAo ( t ► ~' t ) 	 .i.(4.6) 
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Dividing equation (4.1) by equation(4.6) 

I 

Let N 

Therefore, N 

 

(t. 	—t. 	) UAb 

GZ2  

AU 
0 

h f  -hi  

• .. as (4.8) 

• ØS. (459) 

ror consti nt value of N, this represents the equation 
of a 'straight  line on a chart ghose aboissa is water temperature 
and hose ordinate is the entha .py of air, Figure (4,3) i-s 
prepared in this way. The enthalpy values are not shown.in 

Figure (4.3) Mead, values of wet bulb temperature correspond 3 
to enthalpy of saturated air were used for simplicity in 
solving prohlez v. A set of values for air dry bulb temperatures 
are selected a d corresponding values of enthalp lee of saturated 
air are determined from the p*ycrometric chart aid are tabulated 
as in the Table 4.1. the curve in the graph was obtained by 
plotting values of &ithalpy of saturated air against dry bulb 
temperature. 



(4.1) 

1) .13.. ]nthalpy 1).D. Enthalpy of 
Temperature of stu.rated Temperature  saturated air 

air, 

55 23.2 90 55.2 
60 26*45 95 63.2 
65 30.5 1Oa 71.4 
70 34.1 105 81.2 
75 38.6 110 92.2 
80 43.65 115 105.0 
85 49.4 120. 119.7 

125 126.0 

Refering to the aketeton Chart in 'ig*  4.4. 

OB _ 	= tan. 	 ..,..(4.10) 
AB 

Length of the line CB is given by the relation 

CB 	= 5A  ( 	 r  - tw ) 	.. * .. (4.  11) 

Similarly length of the line LB is 

AB 	Se  ( h-hi ) 	...(4.12) 

Dividii equation (4.11 by (4.12) 

2 	S. (tr  -' gr 	...e(4.13)  
AD 	 © ( 	- hI 
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r 

0 ton 	 + a s 
S,& 1 

Ckrt in pits. 4.3. vas c1r tm so 	
A 

trn 0  
b 	h1 

11 = Stan•  

Tho obart in f 	s is 	av on the b 	of tho 

method tjjoatad by Goo lm(8). 

The chi 3ho2 In Pig.. (4.) le vary u of it in 
design and rotuc a lot aZ labour, otheriøa, vo1d havG irrrolvcd  

in a1cuIatioi for detozniutng eprir 	titer tarnpGr1ztuzo by 
co].ving the oat ion (4.9) by Ural and ear notbod. 11th 
the hole of thin cwt tho epray xa cr t,npez'atro for ony given 
operate co4itionsmay be 	.~ ob 	 chart io 
ue etut for nyf ernnt. The etbod of using thin obor. is  

iUutrato by the FU.. 4.4, After c.cpztin fr a part  
ndons r, the Co3id.rg w to 	.. `1IG ?O±1Xt A in the 

Piire is locctad bytho intorecctinn of the vortottl  

ropresent2.nj tho t<oraturo of tht3 codenoing r frigera gat 

th horizontal. line rep tent1zi the initial uet bulb tomporat 
of the air. strrub At fir er n straight line at an angle 0 
Wi. b thG vertical lam!.. This line 1VSOCtO the curve at D, 
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at rhiah point the temperature of spray water is read. 

4. 6. 	M 'I fly' OF AID. L AN'UT'! . 	.OIL AREAS 

When a condenser is designed for a given load, con-
densing refrigerant temperature and initial wet bulb temperatur 
any desired combination of air quantity and coil area may be 
selected, As a matter of fact there is a range_ in. -which coil 
area and the air quantity can be chosen, A reduction in the 
air quantity below a certain ; nit 411 result in a tremendzous 
increase  .a the surface area, and any adva,utage of the decrease 
in the air quantity is offeet by the greatly increased surface 
area O f the coil. Similar a reduction in the surface area 
below a certain limit results in an increase in the air quantit 
that iscat of all proportions to the decrease in the surface 
area, Again any advantage obtained by the decrease in the 
surface area is totally offset by the .great2.y increased air 
quantity. 

4.7. 	THR INfl1_ i1 $URPAC E TEj1PBRATURB AND THE TEMORFiPIc AL 

It shall be noted that the spray water temperature 
gradually decreases as the air quantity is Increased, This 
has been shown 	 the graph of the Fig, 4..5, where the spray 
Crater temperature is plotted against the air quantity per ton. 

At low air q tit ies the fall in the spray water 
temperature is rapid while at large air quantities the drop 
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in the spray water temperature is negligible. The maximum 

	

c~•~a+4ae '~o 	l-aZ- e4.4- 
passible spray water temperatures,, the minimum spray water 

temperature will be obtained at t} theoretically infinite 

air quantity. 

Although the oapcity of a cordenaer with infinite 

€ .entity of air has no practical significance but it is of 

value in inc icating the limitation In C*b3P for an increase 

in air volume. 

In order to find, the maximum possible capacity of a 

condenser as the air quantity is made infinitely large, the 

lowest possible spray water temperature must first be determ.iued 

	

4 Z2 	 ... (4.$) 
AU 

where z2 = 1 - a -44 	and N 

to 	AfCpG. • .. 

The above equation cannot be used to find the anile 

4) when 	 : because at this corn iticn it 

becomes indeterminate. 

Su.bstititing the v xe of 

(4.8) it reduces to: 
G 

t 
i 

.- a 

A,U 

Z 	d M in the equation 



N  ' - ....(4.18) 

The l iting value of N , 'when G = eG may be 
found by differentiating the aerator and denominator sepe-
rately with respect to G, 

A0  
(if G) N— 	CO .e.. (4e 99) 

UAe, d (h G) 

The factor d (i/G) is eliminated by cancellation 
it appears in both n merator arA demoninatore 

When G - infinity and T--. 	IT1 v  the 

above equation reduces to , 
fo  

cp U 

Put op = e24 for air* 

0*24 U 

The above equation can be successfully used for 

calculating the minimum possible spraJ water temperature, After 

computing ,the min um spray grater temperature the mum 
capacity of the condenser per a q. Zt. of the surface may b+ 
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over a""' #:LOW_epeed}, :+farms . 
draw liberal gtzant~ ft es. 
of air through the - wet 
d©ils to provide top. 
condens ing. per 'ormance.. 

T o, * tqo drawer like water 
dsi t-ributing Pans ,meter an brk the water into Ur y droplets whi3Oh drench 
the entire ' áondens1rg coif.. 

Condensing Dail are serpon-
tine #'o xined front single 
lengths 0£ prune surface 
steel tubing headeredinto  
one or more circuits.: 



The Unit easing is con[3 tructE 
throughout of heavy gaigo 
galvanized sheet steel rrig .d7 
attached to a sturdy steed. 
frame 

In hard water areas y chemical 
treatment and bleedoff of 
circulated water rill keep the 
coil free, of air restr3.cting 
,ineral encrustation thus 

maintaining its full rated 
capacity 

A sxaal . centrif galtype PUMP 
circulates water from the 
base Pan to , the water d'. tri--
buting pans above the cozen-- 
o; 	coil. 



determined by using the equation (4.6) 

q 
= 	u (tr  — tv  ) 

Ao 
Conversely, the r k uuc possible surface per ton which 

can theoretically be used can easily be computed. The actual 
amount of the surface that should be used,is of course, 
greater, but knowledge of theoretical znin .mum surface is of 
value and interest. 

It is evident om ig1. 4j that the minimum quantity 
of the air is required when the surface area is infinite. When 
surface area is infinite M will be infinite. Correspondingly 

Z2 	gill be equal to 1 	for Z 2 = I the value of N 	0 , It is 
clear from Fig. 4.3. that at this condition tr  t 	. 	In 
other words for the condition, the temijerature of the spray 
water would , be equal to the temperature of the condensing 
refrigerant. 

A knowledge of these theoretical minimum values of 
afm and area is of importance when designing a condenser for 
a given set of conditions. The actual. air quantity and area 
must be greater than these minimum values. 

4.8. 	 EVA2ORA'. IV. CONDENSER: 

75 

Design are evaporative cor ,enser suitable for a compre- 
asor having a rating of 75 Tons, The saturated discharge temp. 
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is j050Pt the Saturated auction temperature is 88©- 
rant P-12  has to be used. 

4.8. t« 	Sol,ition; 

Overall coe fic .ent of heat t t 	fer* 

U, the overall heat transfer coefficient from refrige-
rant to the water film in given by the equation 

	

~r 	fm 	fm 

or computing 13, the coefficients f~ • Z and 

should to determined first. 

`r , the refrigerant film coefficient have been doter.. 
mined by Hill 	and James 2). It varies between 180 to 300, 
A value for fy = 300 l3tu/hr/sq. ft/ dog. F. may be selected 
as find out by James (12) experthtentally for evaporative combn-
zero• 

Condensing coil of 3/8" nominal size steel tubing may 
be selected, as recommended by' Carrjera internatjo (4.), he 
coils are designed for 300 psi working pressure. 

The conductivity for steel is approx mately 360 Eta./hr/ 
aq.ft/ Dog. T / inch. used by Thomson(22)  

and jams 12) 

(15) 
M~ cAdacross 	gives an emperical equation for film conductance 



in ev, porative condensers. 

M 408 ( 't) 

Where w' is the water rate in gallons per a q. ft. of the 
projected area.. 

A water flow rate of 0.7 gallons per s q. ft. of projected area 

	

recommended by Mario Coif 0ompany 	in their bulletin, for 
eVaportjve COiensera 

r = 408 (o.7) 	: 364 Etu/ /ash. ft/°p 

A 3/8" ncminal size standard pipe will have a wall thickness 

equal to 0.09 inch found out f , Refrigerating data book. 

The outside diameter will be 0.675 Inch and inside 
diameter 0.493 inch. 

B, the ratio of the outside area'to the inside 
0 675 . area = ...~ 67.5 	= 9.37 
0,493 

bstitutjng the values Of the Film coefficients in. the 
equation 4.5 we get„ 

11.37 	0.091 	1 — V . 	+ ~... 	.,....~. 	,.. . 
U 	300 	3) 	364 

0*0075 62 

77 

Therefore, U = 133 Btu/Jar/s. ft. / Deg, F. 



The convective coefficient of i at transfer f0 has 
been computed by Mo Adams (15)  • An average value of 12 Btu/hr. 
,/sq. rt../ Deg. F may be selected for the practical use. 

Select a v .ue of Gf A 	65 • recommended by ' ca - 
iere inter.nation,(4)  

.gyp 
as used in equation (4.1) 

0.24 G 	 6 

12 x 1 
0.77 

0.24 x 65 

Z2 Is given by the relation 

Zz  = I 	e 	defined In equation (4.1)  
1 

0.538 
0.77 

4.8.2 •  mat Re j ec ted to the_ Cndejieert 

liest rejected to the condenser = Eeat rejection factor x Refri- 
geratisg effect. 

Using the chest in Pig. 4.2., the heat rejection factor for 

105 OF saturated discharge temperature and 400E saturated 
auction temperature js 1,14 . Therefore, total heat rejected 

to the condenser 	1.14 x 75 = 85.5 Tons of re.frigerat 



4.8.3. Condensing Temperature: 

Aeeume a loss equivalent of 20] in line between 

ocanpressor and evaporative condenser. The condensing tempera- 
tore will be 

105 °F - 2 0p = 103 0p 

4.8.4 	Spray Water Temperature: 

Knowing the values of G/A, Z and U, the factor N can 
be computed by the relation. 

G 	z2. --~-- 	 •.... (4.8) 
AU 

_ 65 x 0.538 "'._..'
-3 
	= 0.263 

Since 9 = tan 0 	 ....(4.16) 

140 25' 

Once the value of 0 is known,, the Fig. 4.3. can be used 

to find out the spray water temperature. Locate the point of 

intersection of the initial met bulb temperature 80OF` and 

the condensing refrigerant temperature 103 0Y, Draw a straight 

et4gh line at an angle 4) with the vertical to . cut the cur 

%he spray water temperature is. read at the. point of intersectio: 

of this straight line with the uxcree 
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The spray water temperature determined for this case 
is 97p. 

4.8.5. 	Coil: 
+~.Mrsr 

(a) 2pal Surface Area. 

After computing tb3 spray rater temperature the 

equation (4.6)m ,q be used to determine the total surface area of 
the coils required. 

q 	U. JL, ( tr ` ter) 	 ... (4.6) 
substituting the values for U , tr and tt 

12000 x 85,5 	= 133 A0( 103 - 97) 

12000 x 85.5 

133 x6 

1285 $ q. ft. 

Total surface area = 1285 sq. ft. 

(b) Le , th of the coil: 

ir D L = surface area, 

1285 x12 

n zQ.675 

7260 ft. 	 6 8 
Length of the 	 ar it RY U.NIIVERSITY OF WRW e coil 	7 60 't. 	 ROORKE 
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Totes. coil face area considering tb coils to be 8 rov 

deep. Assuming a gap of' /$ inch bete  en the coils. 

Face Area x no. of crows, Length of piping. 
(Outside dia. + 1/811 ) 

7260x(0.675+0.125) Face area, 
8 x 12 

S q. ft-. 

(4) Casing dimensions. 

As sumo v ,d th = 10 ft. 

pace Area 
. ~ Height  

	

width 	 10 

Height µ 6 ft. 

(e) The gap is 1/8 inch between the cols. 

of Parallel circuits 
Height 

S 1- 1/811 ) 
6 x 12 

(0.675 + 0.125) 
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 a 

'ota no. of Parallel Circuits 	90 



Low speed, centrifugal type fans are recommended 

`an assembly should be light weight and statically and  

dynamically balanced for suitable per oxmance.. 

(a) 	x ~.an.. ti 

G/ A = 65 - as assumed. 

G = 65 x 1285 = 83,500 lbs/hr. 

Taking the density of air = 0.075 lbs/cu. ft, 

Air quantity required in cu, ft. per min. = 	
83500 

' 	.. 
0,075 x60 

20900 

A r quantity required = 20900 c. 

(b) R, P. Pan Motor: 

.Assume pressure drop through 8 row coil = I inch of 
water. 

and pressure drop In distributing pans = 0.3 inch of water. 

The total pressure drop taking into account the losses in the 
e]iminatlors and other unaeccvanted losses = 1.7 itches of tee, 



13.000157 x cfm z Read n inches of water,  
H. P. fan mot or 

efficiency Of motor. 

Assuming the efficiency of fan motor 0.8 
0.000157 x 20900 x 1.70 H. P. rc q a,4red 

04 8 

=711.P. 

Select a motor of JO B.P. for the tan 

4.8,7..  t :ter  unrr 

Vertical shaft water circulating pump centrifugal type, 
requires no auction piping are recommended. 

( ) '___teruant1y c .mil. ted: 

Total water recirculated in Gpm 	07 x projected area 
0.7 x 7260 x 0.675 

12. 
Total water flow in gallons per mom. = 2860  

(b)I. p# of hum M tors 

sume a Static head of 15 feet ath a head of 2' for 
other unaccounted losses such as in pipe friction aQes. 

Total bead against which pump has to work 

17 feu t of water. 
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U. P. of the 	motor for the imp wjll be given by the 
relation 

HN ,. =  

33D00 x efficiency of the motor hvw— 	ue w ̀`1 9 	vw. ►• : o •pis ... 	286 	10 x 17 
Therefore, H. P of pump motor .= 

33000 x O.95 

1.6 H. P. 

Select a motor bf 2 H. P, for the water pump, 

(Of  Makeup 'rater required. 
4.8.8• 

Water ivaporatod 	Total heat  rejected  to  condenser i 	 ..,,. 
latent heat of moisture. 

85.5 x 12000 

1000,  

1030 lbs,fhr, 

Water eiraporated 1,72 gallons per minute. Keeping in allo- 
wance for bleed off, the make up water required will be 
2G5gal one/ mm approximate , 



CHAP R V 

'C tING I N RP APORATI" . O ~8 `SM 

Th ITS CiIPROt, 

Scale, Corrosion  and tae are the 
principal problems which may developft 
from water use in an evaporative con-
denser. The various design elements which 
affect fouling in the Condenser are given. 
Bleed off, effective hater treatment and 
Chemical clea,jn,~. of the condensei condense 	 have 
been die aed extensively. 



CHAPTER V 

FOULING IN 'EVAP0 .ATIVID 0ONDENs.a AND ITS CONTROL . 

Unfortunately water we obtain for the use is generally 
a very complex chemical liquid. Because water is an excellent 
solvent, we find all k±nda of mineral ad gases dissolved in it, 
which comlicates its use in heat exchanger equi ent. These 

purities in water are solely responsible for the fouling in 

condense °s using water as cooling media. 

gory, design of an evaporative condenser can reduce 
as much 	of _ the normal fouling. Although no condenser 

will remain clean, without periodic servicing, a good design, 

effective water treatment, and timely servicing can keep it 
efficiently clean. 

In a well designed co eneor with adequate water veld 
city and flow rate the tendency to fou , is much reduced, hence 
the cost of water treatment is kept down much. 

?ouling is considered to be the deposition of foreign 
material on the condenser heat trafer surface which reducesAhe 
heat transfer efficiency and also gives rise to friction to 
water flow. 

Keeping in view of this fouling effect on the heat 

transfer surface, manufaoturers generally keep an allowance In 

e 
L t 



the condenser capacity by providing of additional heat ttansfer 

surface which is termed as " fouling factor". 

BY perfect Tatcr treatment and cleIng the fouling 

factor can be reduced to a minim. A condenser having no 

additional beat transfer surface allowance and has tendency to 
foul, Will require careful water treatment. 

5.1. T 	O F ,INg; 

3caling, corrosion _ and organic or bio!.foulng all come 
under the heading of fouling. 

5.1.1. Sow is a deposition of inorganic salts on the heat 
transfer surfaces precipitated from water, most commonly calcium 
carbonate. In case of evaporative condenser, scaling is very 

prominent since water evaporates leaving a thin film of solids 
deposited on the condensing surface. This fiim becomes thicker 
as the deposition is continued following the evaporation. 

5.1.2. Corrosion is a direct attack of water on metals of the 
system. Rust is the eznplo of this on the ferrous metals. 

5. t.3. 	ganIc or booul4 is the deposition of urgenic matters 
algae or other micro organisms, Bio.'fau3.jng has bzually the 
tondency of increasing a caling and corrosion.. 

fouling is practically negligible in the condensers 
using once-through or waste water systems, since the dissolved 



solids are ,arried over with the water itself. 

But in the case of those employing recirculated water 

systems such as in case of evaporative condensers fouling is 	a 

real problem. This is evident from the fact that the c one ent ra 

of the dissolved aolid goes on incre ing beciZe of the conti-
nuous evaporation of the pure water.. It should be noted tha' fthe 
evaporatior is of the distilled water and it does not carry' any 
dissolved solids with it This results in gradual increase df 
the concentration of solids. 

5.2. 	D1F1CTS FOULING : 

ollow±ng are some of the elements of design which have 
a direct effect on scaling or fouling (condensers :. 

a. The rate of water circulation should be high as  
compared to the rate of evaporation, this will have a cleaning 
or 7ashi g effect on the condenser coils. It the rate of water 

., circulation is low,_ the equilibrium temperature established 
will be high. $ca,xg is directly proportional to the e it .- 
brims temperature. This sho's that the scaling tendency will 
be reduced by keeping a high rate of circulation. 

'b. Even distribution of water over the entire condeing  
surface will provide a uniforms washing action . In some condo ns 

where the water is not evenly distributed,, some of the coils  
get ample water while the other starve for it or remain mainly  

t exception 

• • 



c. Condenser tube bundle will influence both water 
and air circulation and distribution. Mostly the evaporative 

condensers are designed with counterflow of air and water. 

The spacing of the tubes should be such that the air and 

water floe can take place effectively. 

In some cases finned coils in evaporative eondenaer 
is used to increase the heat transfer area. The balance of 

the beat transfer rates on both sides of the condenser tube 

should be maintained. That is the rate of the heat transfer 
from the gas to 	tube and from the tube to the water. If 

the fin spacing is too narrow or the tubes are packed 
closely then air and water flow cannot be efficient,. 

Although there is no hard. and fast rule for the fin 

az 
 

and tube spacing, according to the results of tests and 

exPer±enCe Palpb 14. Westcott has arrived to an arbitraily 
emperical formula for finned surfaces; 9Pin spacing shouldd 
be at leant equal to the height of the Line and the spacing 
between the finned coils should be at least equal to the height 
of the fins: 

d. It is a belief of most of the investigatorsthat 
scaling rate is increased -with the superheat of the 
refrigerant. 

D. D.W .le41  } carried out certain experiments and noted 
that the superheat has no effect on the rate c scaling, 



L. e, Scaling 	 independent of superheat. 

Anyw4, the control on this effect of superheat If 
it is f  is achieved by Providing a dry tube for desuperhe sting, 
before the refrigerant enters vet coils below the spry. 
However-,#  in attempt to remove this superheat care should be 
taken not to place the dry coil (superheat . coil) just above 
the Sprays or below the elthuinators. Because the water 
gtetaimeitt 

e.wlraw.ww,k 
iith the air will evaporate mediate leaving 

solids bid on the superheat coil, furthermore, the cleaning 
of these coils is difficult and no water treatment will prevent 
S c al_ 	as all the moisture is evaporated to dryness. 

a. If the water sprays are too .high above the coils, 
there grill be a greater tendency for the water to be carried 
uPto the eliminators and to cause corrosion there in the fa. 
section, 

'„ In some of the cases the subcooling is achieved by 
submerging the receiver in the pan of the condenser, The 
advantage being the saving in floor rea. But it is offset 
by the greater disadvant e of the increased. tendency of 
corrosion due to valves and connections always under water, 

g. Cor os ion noxar ally occurs in water pant  cas ing:  
eliminators, fan section, duct work and coil section. 
Dissimilar metal may contribute to electrolytic corrosion 
in water circulation system. 8ucbion screen of the pomp 
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intake of brass connected to steel water lines or to the 
steel Pan of the condenser. Proper insulation between 

dissimilar metals ,r:# l reduce this sort of corros ion. 

B1jim3.xse,t jen of corrosion in fan section is obtained by 
efficient eliminators, 

Ii. Lastly, accessibility of elements of . design Is 

necessary to keep evaporative condenser clean. The evapor. 

tive condenser should be cleaned periodically, so all the 

essential parts like to become fouled should be accessible 

In sane cases it is necessary to cycle either the air or water 
circulation during the change  of load. Whenever this Pra 

ctice i.e necessary the fans or the air circulation should 
be cycled rather than the circulation of water. Otherwise 

due to repeated wetting and drying of the cgndenser,, the 

minerals will be deposited on the dry cycle,, which win not 

be completely washed out during wetting cycle. 

5.3. 	WATER _QI1 1' 1S8: 
~►w~~YU~1w~111l~  

The water analysis is based on the ions and not 

on the combined natural salt form. Thou calcium and 
Sulphate are determined as ind.ivijival constituents and It 

would be ve%7 rare that the quantities of each would be 
Present ' in exact amount that will require each fully to 
form calcium sulphato. The ions  responsible for fouling 
are such as of Magnesium,  Sodium,, Potassium, mini m, 
IraA, ''ulphates and 4;h1arides, etc, Since water conta: 
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dIfferent quantity of many impur tjes, no thumb rule can 
be formed regarding its fault act n. However, the 
untreated . water which contains 100 pn of GOV hazdnees 
or about 6 gr. 13er gai n '43.l cause scaling in condenser 
it bleed is not provided. 

5.4. 	C 3 3 	T, 

Bleeding is the #'1st step in prevention of fouling 
of condensers. ere. 'die is the method of draining out a Portion 
Of waters and thus effect,jv 	reducing the concentration 
c ' dissolved solids,, The amount of bleed depends upon the 
evaporation rate and the pu,ality of water used. aowever, 
this ranges from half the quantity to three to four timea 
of the evaporated water in wore cases. tb0 quantity of bleed 

increases as the quality c f water s Poorer. By correct bleed.. 

ing and make up water supplied, a constant concentration of 
solids can be maintained in the system. 

Bleed Should be taken fron a Point higher than 
the water level as .ehc in $'figure (5•1), so that the water 
is being circulated even though the system, is not operating. 

4'lthough Scale  fa at i n can be reduced by bleeding  
but it cannot be complete r el jnated wdthout water treatment,, 
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There are two broad classifications of water treat-
ment viz. (a) Pretreatment or External Treatment and 

(b) Internal treatment. 

(a) Pr ater treatment. or xtorna3. Treatment of the 
make up water is provided by methods of zealite softening, 
filtering or ebemicaltreatment. This is to remove scale form-
ing salts from the make up water, Zeolite softening removes 
ions ©f Calcium and 4egn .sium a  thus reducing scalingtendency. 
$(rne internal treatment still remains necessary for the control 
of corrosion and bio..fouling and the resideual hardness which 
could not be removed by the , external . treatment, extol 
treatment is costly and requires additional space and main'. 
ten ce. 

(b) Internal treatment of . ater is done by introducing  
Some chemical directly in the circulating water system. There 
can be two types of intent  water treatment. 

P±rst3y, the chemical s added so as to precipitate 
the scale £ozming salts,,. which can be removed aS sludge from 
the basin or by bleeding. 

Second .! to feed a chemical at low concentrations 
which will tie Up or Isolate the scale fozming s . and 
inhabit their deposition, 



5 6. 	SCALE CO M ITH CII UG TtATMINT 

The raw water or recirc4ated water can be tested 

for chloride content and hardness, so as to get an idea of 

the quantity of bleed, 

Chloride ion is relatively sol bble in water and 

generally does not precipitate and may be used as an Indicator 
for hardness, Hardness can be determined by the soap solution. 
Care should be taken during the soap test that the end point 
of calcium should. not be mistaken as the final and point, thus 
excluding the hardness of magnesium. In some eases marked 
lather is sewn of Calcium but this is broken by adding more 
soap solution. 

The method already stated above of precipitation of 
scale forming salts with the addition of chemicals is not so 
favourab '* Because the s dge is formed in the basin ith and 
many times gives rise to difficulbof clogging of the spray 
nozzles. This requires therefore careful b&eeding. Also the 
sludge is carried over the coils and eliminators ors with air 

where jt deposits. Periodic manual cleaning is essential when 
ising this method of treatments  

The second method is accepted widely in •which scale 
forming constituents are isolated with the help of chemicals 
added. This method is econ ical also since •a high coneentrat_ 
Ion of scale  forming salts Is  kept without permitting 
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deposition to form scale. 

But there is a limit to concer*rations that can be 
kept. in the solution due to the limit of their respective 
solubilities, Thereafter bleeding is the only alternat .ve. 
There are so many chemicals which can be used for va' or 
treatment, The most extensively used is Gasp Phosphate or 
Metaphosphate. This is added to the make up water preferably 
by a feeder and is dissolved slowly. Glassy 2hosphte dissdl-
ves at a fairly constant rate of about 25 percent per month. 
A calculated amount of the chemical is fed for a fixed quantity 
of make up water. This is then again recharged after a month 
with obe quarter of dissolved, during the previous month, 

The most importar ion in water is ydrogen ion, 
Upon the concentration of this hydrogen ion, depends its acidic 
or alkaline 	aert es, The Eydrogeu is s. powerful catalyst# 
and the whole cause of reaction may be modified by Hydrogen 
ion concentration in the medlwn in which the reaction takes 
place, The Hydrogen ion concentration is expressed in a special. 
my. 

The PH of a solution apt is defined as the logarithim 
to the base 10 of the reciprocal of Hydrogen ion concentration 
in gram: mole/liter, 
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Formation of scale depends upon pH of the water. 

Generally as the pH exceeds 8.3, scale occurs. With the 

lover pH of water in the acidic media the tendency will be 

corrosive. 

Scale or corróion may very rarely occ r s;multai e-

ously. This is easily understood when it is recognised that 

there exists an equilibrium of concentration of impurities 

in, water, that is a balance point, where corrosion occurs on 

one side of balance point and scale oo the other side. 
c2,wwk f~ wry 4. 9 . L 

Professor La a or of University of California 

developed equations based on the probable action of water. 

This is known as Languor's equation of saturation. The 

index gives fairly accurate results of what to expect from 

a given water, 

The index is. calculated by knowing the concentration 

of Calcium, tlka1inity, total solids, pH and temperature 

involved. A value known as phi of saturation on pH5 then 

corrosion is expected or if actual ,pH is greater than. the 

pH d, Scale formation can be predicted 

;L. e. PP - pUS = Index. 

This is very reasonable since scale generally occurs 

at higher pH values and corrosion at the lox-Ter pI values. 



5.7. 	co c SIq : 

There are two forms of corrosion, electrolytic 
corrosion and Oxygen corrosion. 

Electrolytic corrosion is already been discussed 
under the heading of "Design etfects fouling"„ Rlectric 

two 
currents are set up between iia dissimiiar metals in the water 
system. This results corrosion. This is not So common as it 
is believed to he. 

Oxygen corrosion is much more common. Oxygen is the 
principal cause of corrosion in water. It does n©t mean that 
all water with dissolved oxygen will have a corrosive action, 
But on the otherhand if all the oxygen  s removed  from the 
water, the corrosion tendency is materially reduced or 
eliminated f  

Ca 'bon tu3or .e dissolved in water also contributes 
to corrosion. The laugher's index again proved valid 
because if the index is. positive, the effect of Oxygen will 
he minj.mjsed, The scale forming tendency of water fo=s a 
coating on the metal surface and saves it from the corrosive 
act of Oxygen, if the saturation index Is negative then no 
film is formed on the surface and Oxygen readily attacks metal. 

The control of corrosion generally means pH control, 
shOWn in the diagr m of pH scale*  no Corosjve action is 
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The pH value iman be adjusted by proper introduction of suitable 
chemicals like alkalies an acids. I the pH is lows, alkalies 

are added or if high# acid is introduced. 

The chemical control of corrosion is done by the 
chemicals like glassy phosphates, chromates or nitrites.. In 
case of glassy phosphate,, the concentration required for 
corrosion protection are fairly high. 

Chromates are poisonous and should be handled care4 

f'ully The glassy rhosphato has the inherent advantage of 
being nonpoisionaus and is therefore widely used,, 

TIetaphosphate alone is capable of scale control as 
well as corrosion control to some extent. A portion of the 
!?tetaphosphate is absorbed on the metal and thus provides a 
protective coating but not a scale as it is only molecularly 
thick, 

5, 8. 	ALGAE AND LIMI COP 'ROL; 

Algae or biofouling is generally found in dark places,I 

Previously chlorine was extensively used for algae control, 

later on Bromine is also successfully used for the prevention 

of biofouling. Both chlorine aria bromine have toxic effects 
on algaes and slime, yet their method of treatment differs 
somewhat. 

~ 	r' 
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Ba#1 or intermittent food has proved vex r satisfacto-

ri r for algae control. , There is s Jxple test to determine 
the quantity of free chlorine an Bormine in water. Shen 
either of these algaecides is present,, the addition of 

orthodolene gives a yellow colour which increases in intensity 
with the quantity of algaecides. 

Other than Bruine and Chlorine, Pentachiorphenate, 
Copper U1,Phatep Pottanium Pennagnate, and some ammonium 
coumpzs can be used for. above purrp©se*  . :though their 
quantities w±U differ with the quality of the water and their 
own strength, or instance,, Brcnine and ' hlorind give effect k 

ive results at I to 5 pin, on an intexnittent feed basis. Sodium 
Pentaoblorophenate is generally used of the order of 60 to 

It is obvlou4 that the uncontrolled feed of any 
of these algaecides will result worse problem than by the 
algaes itself. Since Bromine ant Chlorine are strong ozid.ising  
agents wIU promote corrosion if used in excess. Copper soil-
phate is a good electrolyte and may produce another form of 

electro-chemica]. corrosion. Pentachiorphenate has no such 
disadvantage and can be used, freely but its cost cannot be 
overlooked. 

It is ales better that the use of Chemicals for 
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eater treatment should be under proper care and supervision. 

5.9. 	C ICA , CL ;MID OF' CQ D$1  RS: 

The plants in which periodic cleaning and water tre 
atmerxt is ignored., they soon become inoperative and cleaning 
becomes essential. Photos 54, 5, and 54 show the 
results of such cases. 

Maxai cleaning can also be done in some cases, but 
where the plant cant be stopped for gleanings, chemical 
cleaning is the only alternative. 

Generally muriatic or commerical hydraulic acid is us 
to diaeolve scale or corrosion. The sold should be used with 
some inhibition so that the metal is not attacked by the atid. 
?ormaldehyds is an excellent inhibitor but it has an irritating 
odour and a tendency to vaporize, About 2% by weight of the 
acid is sutftctent,  Care should be taken that the dissolved 
scales and corrosion may not enter the pump which may cause 
erosion in the coils by the high velocity spy. 

The inhibitor forms a coating on the surface of the 
metal so that it is saved from the attach of the acid$* After 
the chemical cleaning of the condenser, new fresh water should 
be refilled and oorrosion controlling chemicals are added to 
retardcorrosion of the prime metes Serious lose may occur 
if the acid is not properly Inhibited, too high concentrated 

acid is used or is left for too long a period. 
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There is an Interestingexample of trouble developing 
from overdoing a treating job#  A zeolite softener was inst 
with an evaporative condenser whore the water was high in 
concentration of chlorides and suiphetes. When completely 
softened by removing oalo m and Magnesium it became very 
corrosive* The softener eliminated the scale but it almost 

e iminated the evaporative condenser too, 

Another is a classic example of evaportive condenser 

with a trouble of growth of algae. This was installed in 

.powder factory where the odour of the volatile oils was quite 
noticeable. 

In few weeks the growth , f' algae 'was intolerable. 
I4anual cleaniz pruned hopeless as the stuff could not be 
washed out. Nmerous them :oels were tried without much of 

success. It was finally determined that the growth of algae 

was the result of oils In air combined with moisture* The 

equipment was then sealed in a room and the fresh supply of 
ai Af taken from outside and this resulted the complete 
control of algae. 

Evaporative condensers are being used as exhaust 
fans for many conditioned spaces or the air exhaust for food 

storage Spaces, where atmosphere contains organisms for 
slime growth, 
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In the wraxds of Weatcott " To make a piece of 

eciipmezt seve too many .poses*  it .might backfire. 
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O T ANAL! 

A3 COIPARtD WITH OTHER R IGA1 CONDL "ING METHODS 

Too often it is seen, judgement has been 
based either on initial cost alone or on operat-
ing cost alone without regard to ovrall invest-
ment, ultimate objective in the economic analysis 
is to find the total ann ual owning and operating 
cost. 

A comparative study of evaporative condensers 
cooling tower and condenser combination and "once 
through water cooled condensers hOa that the 
evaporative condenser enjoys the economical advantage 
over the other two. There are cases where a parti-
cular condensing method is to be adopted. The 
factors governing the selection of a specific 
condensing method have also been included, 
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COST :N. YSL L 

A$ Gtr-PAR D WITH 0TH RIG 	CONDS I3d'4 ETHODS 

6.1. 	The rapidly expending  demand for air conditioning  
puts a great strain an municipal supplies as a source of 
cooling water and Negulatione have become necessary to 
restrict its use and disposal, 

For this reason several types of refrigerant con-
denying methods aid water saving devices sere developed*  
.part from the traditional air cooled and "once through" 
water cooled condensers „ in recent years cooling towers  
and evaporative condensers have gained Popularity and have 
greatly reduced the grater requirements and also resulted 
Power Saving to some extent, 

For masons only of compariejon aai simplicity the 
condensing refrigerant P-12 for air conditioning cycles 
will be Considered in tonnage rating of  Jp to 100. In 
this category are three methods in common use 

i. 2vaporative condenser, 
.. Cooling tower (induced draft) and condenser 

combination,. 

i• Water cooled condensers ('Once through'us,ing 

I 
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Each of the three methods have certain advantages 

over the other t°wwo,and the selection requires good engineering 

and econimics analysis for application and locality involved, 

The natural draft cooling tower and condenser canbin-

ation proves to be very uneconomical due to its greatly 

increased size and does not permit ii use beyond a certain 

capacity of about 50 Tons . bonsequently, the Natural draft 

cooling tower and condenser combination is not included in 

further discussions, 

6,, 2, 	BASIC C SID& ATIONS: 

=he factors governing the selection of particular 

condensing method for a specific application are * , 

a. Design considerations. 
b. Water availability. 
c. conj. 
&. space availability, 
e.. Type of application and size of system, 

(a) Desk n Considerat i on : The design factor such as dry 
and wet bulb temperatures of outside air, water supply 
temperature, pressure and hardness will have a direct bear-
ing upon the selection of a particular type of condensing 

equipment. In a combination where the wet bulb temperature of 
is low and the temperature of eater available is high#  the use 
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of an evaporative condenser or a cooling tower combination is 

recommended . On the other herd a law available water tem-

perature combined with a high wet bulb temperature of ,r 

would indicate the use of "Once through" water cooled condenser. 

(b) 	ter_ .ix:  Before making a choice between the con- 

densing methods it is of vital importance to judge the ade-

quacy of water supply.. 

Many cities have a ite water shortages and It is 
very expensive affair to think of a water cooled condeser 

using city water. In such cases evaporative condenser or 

cooling tower and condenser combination are the best alter- 

natives and prove to be vex y economical. 

In the localities where the water is available 

in abundance from the surrounding lakes or rivers and the 

fresh water is available at moderate temperatures,. the 

'once through' water cooled condensers should be preferred. 

It may be noted here that the .make up water 

requirements of an evaporative condenser are ab out 10%  
of the water consumed by a city water cooled condenser. 

(c) economics: In order to study the economics of the various 
condensing methods it is necessary to find out the total owning  
and operating cost which i composed of the installation 
cost and the operating cost, A Judgement should not be based 
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on either the installation cost alone or the operating coat 
alone. The best way would be to treat the large sized -ai x' 
conditioning installation as long term investments and oo 3der 
all the factors j4bich may affect the result. 

These factors may include the fo o Ong: 

i. installeA cost of be xipment including auxiliaries 
and piping. 

ii. Annual operating cost. 

iii.. Period of amortization and interest rate, 
iv. Overhead edpo es (Taxes, insurance and rent) 

i.  stalled Cost of R 4  ent: The initial cost consists of: 

(1) Cost of the condensing apparatus including condenser 
(water or evaporative)-, cooling tower, auxiliaries such ea 

pumps , water treatment devices,, refrigerant receivers„ water 
valves, motors, stores. ThiS cost should also include freight 

d trucking charges from factory to job a ite. 

(2) Cost of refrigerant and water piping required to 
connect the condenser and cooling tower into the rest of the 
cooling system. Vales, fittings and hangers should be inclu-
ded in this cost 

Cost of labour and supervision  to install the equip. 
meet including rigging#  handling,, piping and controls. 

N 
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ii. ira1 eLat 	cos' : The Dual cost for operation 
include:  

Water cost based on total water requirements, taking 
into account for evaporation, bleed off and $ndage losses.. 

(2) 	Power cost for operation of fan and pip motor 
( npressor not included), 

+ Maintenance cast including replacement and labour. 

iii. Period of nortization aan_Interest Rate: Especially 
when selecting the evaporative coi .enser or a cooling tower 
where initial investment is relatively high, the amortization 
period is of .Importance In determining the annual owning  
and operating cost. 

The useful life of this type of equipment may vary  
f 	*0 to 20 years, dopeziirg dependingupon the type  of application, 
the hours of operation and the degree of maintenance, An 
average life of 15 years may be taken dth good maintenance 
Programme. 

A suitable interest rate of 4 to 6% may 'be' taken. 

iv. erhead Ex ensett: A3.lcwance should be made for the increas 
In the taxes , insurance and a proper share of it should be 
added to the air conditioning equipment. 



4SI- 
0 
O 
0 

r 
CJNDENibER AND 
COOL INL TOWER 

N 	t 
D 

//flEVAP. CONCENSER 

l ~ - 

CONDENSER '  
f(C I TY WATER) 

R£FR%,jERAT1JN CAPA,I TN,TONS 

f/662 
DES/GN_WETBlJLB 6F, C/TY WATER7F otS/GN WET BULB 75", c-/Ty WATER 73°F 

45  t  T  - -* 
o CoNDCNaER AND 

COOLINV TOWlR y/ 

L 
 

	

/I 	

P. EVA CONDENSER 

Z I /  CONDENSER 

	

_- 	 (0TT WATER) 

0 zo 4° ~o do ioo 
RkFQ1uERATI,3n, CAF'AC.IT`f,TONb 

C2N/PMrb/2/V Or` TOTAz /NSTAL LED C05T5 FOR VAR/O/3 Tr "ES 
OF CONDEN5/N6 (&O/PiWENT US/NG FE'EON/Z iefFi~'/GE~PAMT 

F/G 63 
DE5/6N WET BULB 7o °F, C/TY w,4TER o 'F 

	
DES/EN WET BULB75% CITY WATER 6.4 °F 

o 0 
o 

1 	T 	I 	-T 	1 
0 
O r 	i  

CONDENSER' 
' (.i1 	WATER) 	I ONt 

t 

o 
I- CONDENSER 

/.  (CITY WATER 
il r J 1 	I 	I 	4• 

COOLING TOWER  /  

/ " iii n /f 	<OOLING TOWER 

L L EVAP. CONOEN ~~. 	 EVAP. CONbENSfR 

1 	1 	j  
Q  0 20  40  60  80  loo a0 to  40  60  go  loo 

REFRIGERATION 	APAC.ITY, TONS REFRIGERATIOM CAPACITY, TONS 

C MP,4/P/S/O/1/ OFANN/14L OPEAAPl1T/NG C05T5 FOR VAR/O/5 TYPE 

OF CorvDENS/NG EQU/PMf/VT 06/N6 F CON-/2/PEFiP/GEAPANT 

L L SYSTEM U5E CONDE,VS/NG TEMP, /05 °F AND SUCT/ON 40°FJ 



I 

109 

It the equipment is located in rentable space , an 
addition should be made to alloy for loss of the space oCCtpiec1. 

In case of evaporative condensers and cooling towers installed 
this space can usually be neglected as it is unlikely to be 

c. i) metalled Cost: 

Installed cost or the fiat cost is affected to 
some extent by the loading and design factors such aø the 
Bret bulb temperature of air, entering water, and condensing 
temperature, When compared with the evaporative condenser„ 
the installed cost of the 	oe through" city water condenser 

varies between. 25 to 50%. depending on the factors mentioned 
€above„ The coaling tower comb iat on for the capacities between 
10 to 100 tons will have installed cost , a little greater than 
that for the evaporative condensers. This is illustrated 
by the graphs sbo in Zig, 6.1 and 6.2 , where total installa 
tjo . cost is plotted against the refrigeration capacity in 

Tons for each type of condensing methods. 

(c,2,) 	,rat W ,cost: 

Pigu.res6•3 and 6.4 show the results of the cost of 
operation including water, electricity, maintenance and water 
treatment for three types of condensing. equipment. 
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It is evident from Fig. 6.3 that the operating 
cost of "Once through " ureter condenser is very much unfavourable 
as compared to the evaporative condenser or a cooling tower. 

Pig. 6.3 is drams on the basis of relatively high water cost 
and temperature and; .P .g. 6,4 	based on relatively low water 
cost and temperature. It will be noticed from Pig. 6.4 that 
the operating cost of the conden ser using city grater has 
materially reduced as the available water temperature is lowered. 

The advantage that the evaporative condenser has over 
the cooling tower and condenser combination is due to the 
additional power required to circulate the water between tower 
and condenser. 

In addition to the water and power costs, the 
cost should also be included in the estimate for operating cost. 
Maintenance Gist will include the cost for  chemicals used for 
water treatment, painting, lubrication, cleaning, labour and 

parts replacement, . It is evident that the ziaintenance cost of 

cooling tower and evaporative condenser will be more as compared 
with "Once through'1  condenser using city water. 

c. 3.) 	Total Annual Ching and Operating Cost 

The annual cost to own the equipment is determined 
by divisUng the total installed cost by the amortization period 
(15 years say) and adding to the annual interest rate of(5% say) 
T-he operating cost is determined as previously d  crth 
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Figures 6.5 and 6.6 show the resultsof two sets of 
data$ used for compar ion purposes. Pie. 6.5. Is for the 
localities where the water cost and t1V available water tempera-
ture are both high. chile Fig. 6.6. is for comparatively 
lower water cost and low water temperature. 

It is apparant from Pigs 6.5 that the evaporative 
conden.serO ' is an economic necessity in localities where city 
water cost and temperature are relatively high#  regardless 
of the availability. 

In the other case Where water cost and temperature 
are both low (Pig. 6.6) the water cooled condenser using city 
water is recommended. 	Figure$ 6,1 to 6.6 , are based on the 

datas collected by 	Groseclose 

flovever, it may be emphasized here that such iritnces  
occur only in urban cities or underdeveloped localities,and are 
relatively few. 

(d) 	Space Availabilit r: 

The evaporative condenser claims the advantage  vntago that 
it can be located outdoors or on the roofs of the build, 
consequently saving the valuable indoor space. In addition 

to this evaporative condenser handling outdoor air produces 
an additional saving by operating without water as an air 
cooled condenser during comparatively cold weather. The modern 
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arrangement of evaporative condenser is compact,requiring  

little space, 

(e) 	Type of Application and Size of System: 

The application may influence the type of condersing 
equipment selected. For example in a big restaurant where 
the number of operating hours per day Is usually very high,. 
the city water condenser would be tnfavourahle, boUvers el , 
in a bhurch where the operating hours per creek are small the 
low water requirements taould favour the city water condenser 
with its low first cost. iotber example in which an industrial 

process application requires high humidity make up air, the 

evaporative condenser could be most effectively utilized. 

The size cif a proposed air conditioning  system may be 
a factor in the selection, of a condensing method. In the case 
of an evaporative condenser where first cost is dominating, 
its installed cost per ton of refrigeration in a small .system 
(10 tons) is about three times the installed cost per ton 
of a large (100 tors) evaporative condenser. Contrast toth 
with city water condenser, where operative cost is the pr wary 
factor, the water consumption is directly proportional to the 

tonnage, and the cost per ton remains more nearly constant. For 
this reason the evaporative  condensers are most suitable for 
large capacity systems, 
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6.') 	__ 

It is evident that, with the boom in air conditioning 

already well started and reliably predicted to roach major 

paopcatiDnnthis industry must solve water conservation problem 
otherwise#  the nozna1 growth of a r conditioning could very  
easily be atunted. We cannot expect city water supply systems 
to be expanded at the rate which w uld be required if unbridled 
use4 of water cooled condensers is alloyed. It is difficult, i. 
first place, to find the new sources of water in se localities 
and. At is certainly: ripraetic ►le to expect city and State 
Governments to move fast enough to expand facilitieø as an 
acccmmodation to cum industry. Water saving devices and 
schemes must be developed. and promoted by air conditioning 
industry so that they are Inexpausive and capable of reducing  
quantity of water cooled condenser requirement. 
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