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SYNOPSIS

Bvaporative condeneers now so widely used, are comparat-
ively simple mechanism devices, yet thelr heat transfer relations

are decidelly complex, The test data are not readily reduced to
simple coefficients as in the case wit-h many other heat transferx

processes, ) A

~ The mechanism of heat transfer has been enalysed by"

2 22 (2 8
Jaéész Qhﬁésgg, Wilg% Gca&&aﬁ, yet their mathematical
treatment varies widely. A comparative study of analyses of

each of the investigatiows is attempted,

The determination of vardous heat transfef\coefficients
involved in the mechonism and the effect of varying +the air and
water flow rate on these coefficlents have been discussed
extensively. Rating curves. are reviewed and prepared to predict

the performance of the condenser at changing operating condlitionsg

Further there is an excellent graphical method suggested
by Thamson for analysing the berfomance of evaporative condensexg
based on various intervening resistanaéa involved in the hesat
transfer process, The problem selected for the design purposes

has been analysed by this method to illustrate its valldity.

A chart baged on Goodman's analysis for determining

spray water temperature is prepared, which will be found verys




useful in the design work, “n illustrative design of evaporat-
ive condenser has been made on the basis of economical comblna-

tion of air flow rate and surface area.

The various factors vhich contribute to fouling in an
evaporative condenser are eloberately dealt, The effective
gater treatment and chemical cleaning of the condensers are

also discussed, . .

Finally the economy of using anv evaporative condenser
is discussed in comparision with other condensing methods such
as cooling tower and condenser combination and " Once through "
waker condenser, The factors which influence the selection of
the best all round condensing methed for specific.application
are also dealt with, | |
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CHAPTER I
INTRODUCTION

. The mechanism of evaporative condenser is
discussed,
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CHAPTER 1
" INTRODUCTIORN

Evaporative cooling was practiced thousands of years
2g0 by Egyptions in cooling water in porous earthenware pots,
It may came as a surprise to mé‘g, who have looked upon the
evaporative cornl enser as a recent invention to learn thaf .
at least as far back as 1902 patents had been granted for
this device,

In early days of air conditioning <there were few

restrictions,if any, on the use of water for refrigeration

purposes in most localitlies , Water ywas usually available

in asbundance and at low cost, The situation has now reversed
iteself, howover, and very fey citiles in India and abroad are
free from water problem, For this reason it became necessary
to have a clear understanding of the several types of refri-
gerant condensing methods and yater saving devices which may
be used, .

The evaporative condenser combines in one plece of
apparatus two of the oldest elements in refrigeration : the

condenser am the cooling tower, Unlike a Seperate condenser

or cooking tower the condensing coil of the evaporative conden- |

ger i3 directly in the spray of water znd the air is drawn
through both the condensing coil snd the spray water ss showh e

in Fj_g; i I
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The réfriéeraﬁt is condensed inside the coii,,ann/§;;:
er issprayed contimiously over the outside of the coil. The
spray water 1s collected in a tank at the bottom gnd is again
delivered to the spray mozzles at the top by means of a pump.

The same water 1s circulated contimously, and is neither

beated nor cooled during its passage through the pipes
connecting the tank, PﬁM§ and epray nozzles., The spray water
wets the omtside surface of the ¢oil, the heat is transferred
through the wall of the coil to the water on its outer surface.
But, the ﬁatef a3 fa3t as 1t recelves this heat tramsfers

it in turn to the air flowing ovew the coil,

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

air or heat could not be transferred from water to the air;

| Evaporation of water takes place into air resulting
an increase in the moisture éantent of t-he adr passing through
the condenser, The total heat surrendered by the condemsing i
refrigerant is ultimately transferred to the air and resultsm
in an increase in i1ts enthalpy, |

The water comsumption of an evgporative condenser
is of the order of 2 to 2,5 gallons/hy/ton of referigeration,
which amounts to approximately 104 of the consumption in"once |
through" water cooled condensers, This low water comsumption |

18 possible since most evaporative condenser designs includy




efficient eliminaters which prevent any carry over of free
moisture,or the usual windage losses such as obtained for
caoiing tower operation. In addition to this, evaporative con-
denser handling outdoor alr proaﬁoes an additional saving

by operating without water as dn air cooled condenser during

~ comparatively cold weather. Compactness of this equipment
makes ti¢ suitable fFor installation in crowded citlies where

gpace 18 a costly factor as 1t can be easily located on the

roofs of the buildings.

i
AR bl St s o s P

!




_CHAPTER II

THECRY OF HEAT TRANSFER AS APPLIZD TO EVAPORATIVE
| CONDSNSERS,

Heat tronsfer phase of dvaporative condenserx
has been analysed by various investigators., A
comparative study of analys@s of different investi-
gators has been made.

e sk s 1own s




&

X

SYMBOL S

Outside surface area of the coil in sq.f%.

Ingide surface arag of the coll in Sq,ft,
Coefficient of heat transfer of the refrigrant film
Btu/ O°F / hr/ sq.ft. of internal surface,

Thickness of pipe in inchsa,

Coefficient of heat transfer through the metal wall of
the pipe Btu / OF/ur/sq,ft./ inch of thickness

External £ilm coefficient of heat transfer Biu/hr/%p/
8q.ft, of external surface,

Fin surface efficlency, as defined by equation 2.1,

Wet bulbk Overall coefficient of heat tramsfer Trom the

Vet bulb
m. t. d‘.l

fw

refrigerant film to the outside air (including the film

coefficient from water to air) in Btu/0F/ hy/ sq, ft.
(Same ax ) |

Lograthimic mean temperature difference of the spray
vater temperature and the entering air wet bulb

temperature, y

Coefficient of heat transfer of the water film from the
metal wall to the wetted surface Btu/hx/OF / sq.ft,

| Coefficlent for the sensible ond latent heat transfer -

from water surface to the outside air Biu/hr/Op/ sg. £t.
Resistgonce of the condensing film on imner tube wall

Resistance of metal Yube wsll,

Reslstance of the water film on the outside of the tube,|
Latent heat of evaporgition, Btu/ 1&.

Bonvective mass transfer coefficient between water and
air 1b/ hr, °F (1b,/1b,). .




¢p

Moisture content of dry sir .t spray water air .‘uzterface
and main air stream flowing past section Wty dA.
in 1lbs/1b, |

Convective coeff:.cient of heat transfer between water
and air Biu/hr / °F / sq,ft,

Temperature of the surface of spray water £ilm on
condonser c¢olls, alBo s8pray water temperature leaving,

Enthalpy of the gir aamrated at the conﬁtant water
gurface tmnpera:bure By o

Dry bulb emperature of the air passing aection dA, of
condenser,

Vet bulb temperature of air passing through the section
44 of condenser,

Enthalpy of alr passing through the section dAa of
condenser,

Bgquivalent heat transfer coefficient for latent and
sensi’ole heat transfer from wetted surface of the tube
to air stresm Biu/hr/oF / 8q.ft. as defined by

equation 2. 18.

ﬁivalent heat transfer coafflcient for latent and senw
le heat transfer from wotted surface of the tube to
alr strean B'tu/hr/OF/aq.ft. as defined by equation 2,25,

St cific heat of alr Btu/lb,

Veight of alr passing through the condenser lbs/hr,

Total heat transfer from the wetted suxface %o air
Btu/hr, ‘

~ Overall coefficient of heat transfer from the condensing

refrigerant to the outside air stream,

Resistance for sensible and latent heat transfer from
the wetted surface to alr strezm.

Zthalpy of the entering air in Biw/lb,
Bthalpy & the leaving air in Btu/1lb, .




Coefficient of heat tronsfer for sensible and latent heat
from wotted surface to alr B‘hx/hr/scl.ft,/Btu.deﬂned
by equation (2,27},

Enthalpies of eir saturated at entering end leaving sur-
face ma temperatures respectively Btu/kx 1b,

Logarithimic mean enthalpy differsme between the wetted
surface anl alr, Biu,

Coefficient of heat transfar from refrigeram: vapour to
wetted surface Btu/hr/deg,F/sq, Tt,

By pass factor defined by the equation 2,36, "

Resistance for sensible and latent heat transfer frdm
the wetted surface to air stream defined by equation 2,22,

Registance (%otal) for heat flcw from the rafrigeran‘c to
the air stream defined by squation 2,21,
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CHAPTER II

THEORY OF HEAT TRANSFER AS APPLIED TO EVAPORATIVE CONDENSERS

2e1e The evgporative conmdenser is a heat transfer equipment
in which the refrigerant coile are wetted by the spray nozzles,
the air is either.sucke&- in or forced over the coils, according
to the induced oxr forced draft alr supply. 4 thin film of water
formed on the coils, Water is evaporated from the wetted
surface to the moving air, The evaporated water gets the
latent heat of evaporation from the tubes, and the tubes in
turn from the refrigerant, There is a sensible heat {transferx
also from the spray water t¢ the alr, 1f the spray water
temperzture 1s higher than the dxry bulb temperature of the
entering asir, This follows that there is both sensible and

latent heat transfer from wabter film to air.

The mechanism of heat transfer in an evaporative condens

ger has been analysed by -Jame,s“z) R Goodmmxm), m_cmgon(z?—,)
and Viile(zz’} yet there is insufficient data to pernit the -
prediction of an evgporative condenser's performance with any
ressonable accuracy, We find substantial agreement emong
investigati#ows in approach, although the magthematical tregtment
varies widely,

2e20 HEAT TRANSFER THEORY -~ JAMES.

| (12) .
Jdames Pregented his analysls of heat transfer in

is
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evaporative condenser at the armmual meeting of ASRE 1936,

The ultinate heat transfer from refrligerant to air
involves three different resistaonces in between,starting
from inside of the coil to the outside of the ooilgﬂb%‘wf*@f"gm

(1) That offered by the condensate film inside the coil,
b [ ML2, | | .

(11) That offered by the pipe wall,
1 £y

(111) That offered by the moisture and by the molsture and
alr £ilms on the outside surface of the pipe

= 1/ zf
Yhere , ¢

X = fin surface efficiency

Temperature difference between ths air and the -

X = effective fin ‘bemperature.v

Temperature difference betweon the air ard fin
temperature at its base, )

= 1.0 for bare pipe.

1] » 1
Wet bulk K

i

- ult tego (2.2)
A, 1 1
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2e2,1¢ The internal coefficient fy bas wide range of valﬁee

ranging from 160 to 300,

The following are the factors,have a modifying

gffect on *fr H

(a) Refrigerant velocity should be ag high as possibls,
but care should be taken of the increasing pregsure
los g, .

(b) Hydrgulic radius of the tube should be low.

(e) Roughness of the internal surface is impoytant in
view of the greater turbulence obtained by incressing
internal roughness, But pressure loss will also be

graater,

{a) Mean temperature difference is increased with increase
of m.t.de

Pres#ejziae of noncondensible gases and other impurities
also effect £; but this is common to all condensers,
24242 1/%, , ‘the wall resistance in the pipes is 80
insignificant that it can be epsily neglected, without the
sacrifice of any appreclable aucuracy; Since £, is very
large, 360 for iron pipes and 2500 for copper tubing and | is
also small, the factor 1/f;  will be very small . Say for
Yopper tube 1 = 0,05 inch; amd £, = 2500, It needs

- no gctual ecalculations 1o show how insignificant will be the
value of 1/£y . | | ’




1

x £,

2:2:3, The external resistance can be broken

into two parts, viz 1/xfy and 1/xfg

The resistance 1/xfy  may be treated as the
resistance for the water film and 1/xfs as the resistance
for’the water film to air; It is this resistance which hgs the |
major share in the total resis‘bance; If any one of the two

resistances 1/xf, and 1/xfy 1s dowered; a considerable ehangg

in the heat transfer may resuli,

The water to pipe coefficient; fiy will range i:ormally

from 250 to 1‘000; It depends upon the following factors i-

(a) water quantity, |

{b) Efficiency of vetted surface, which in turn
depends on water quality and method of water
distribution,

The water to air coefficient , f3 will range from

T0 to 100 in a well designed unit. It will depend upon follow=
ing factors : ’

(a) Vapour pressure difference, |
(b) Relative air and water velocities and gir
turbulence,

(e) vater quantity, .




| The external coefficlent fo a ¢combination of £y and
and f8 2, will range fmm 60 tp 90, I¥ will be more affected
by the factors controlling f£fg , than that by £ ,

t12) has conpidered a single resistance for

2¢2e4, James
the both sensible and latent heat transfer with a driving
poteiifia.l ag the logarithimic mean temperature differenseccof
the s’:pr‘ay vater temperature and adlr wet buldb temperature, Note
that the wet bulb temperature rises logarithimically as the
air travells through the unit; He termed logarithimic mean
temperature difference as "wet bulb m.%.d." and the heat trans-
fer as * yet bulb ¥" +to s.'b.ress on the importance of wet buld

temperature,

Goodman(a) emphasized on the point that the heat ond
' mass transfer are two distinct phenomenon and cannot be

, combined, ZILatent heat transfer caused by evaporation of
moisture, that is g méss 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 alr. Goodman in his writt-en discussion}
stiressed that these two différent*;é mecﬁanisms camot be

replpced with a single resistavce and a driving potential,
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(22)
Hoyever Thomson E«J. has theoretically proved

that a concept of a single resistance can be formed with a
driving potential as the difference of the spray water
temperature and avera,gea:&wet bulb temperature, His analysis
is dealt next in the Chapter, |

2,3, HEAT TRANSFER THECRY - THQMSON.

Thomson E.J. gave an excelleut analysis of

heat transfer applied to evaporative condensers, He explains
several mechanisms involved in the heat transfer process
from refrigeratnt to alr,

Consldering for the clean surface of the coil

(a) Yondensation of wapour on the immer tube surface.
(b) Conduction through tube wall or ei:tenﬁea surfacs,
(¢) Conduetion and Convection from outer tube
surface through the water £ilm,
(@) Sﬁm‘ul‘tanedns latent heat transfer, sensible hest
trans i‘er and ré,diatian from the wetted surface
to the gir strean.

The resistances involved in '*-thé first three mechanisms
be, | '

Ry = Besistance of condensing f£ilm on inner tube wall,

By = Resistance of metal tube wall,
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R; = Resistance of water film on the cutside of the
tube,

A temperature difference exists to overcome these
resistances, It is assumed that the water temperature remains
'constant throughout, This follbéﬁ that the heat transferred
to the water film is immediately dissipated to the air f£ilp.
This heat transfer fmm water i‘.ilm to air will be according
to a8 item (d4), Neglecting heat transi‘er-by radiation, for
all practical purpcées, it 18 fairly asccurate to consider
senslble and latent heat transfer only,

2,3.1, Vhen air wet bulb and dry bulb temperatures are

Jegs than thé spray water temperature, both sensible and
latent heat transfer 'will take place from wa@tar to air, If
~only air wet buld temperature is less and dry bulb temperafura
is higher than the spray waﬁar temperature, latent heat will
flow from water to alr ond sensible heat from air to water,
i.0. the latent heat to be transferred will be the sum of
the sensidle ﬁeat of air plus the heat of condensing ¥rapour, |

The latent heat transfer is through the evaporstion
of water from the we;tted gsurface to the yir film, The driving
force for this evaporation is the partial vapour pressura' |
difference betyeen the iy saturated at the spray water tempe-
rature and the gir in the main air stream. It is assumed that

the air just near the water £ilm will be Ssaturated at the
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spray water temperaturs; Therefore bartial Vapour pressure
may bs replaced by the difference in the moisture content in
1bs,/1b; of dry air,
(22)

Thonson has considered o thin air boundary layer

in yhich alr 45 essentially in laminar motion aroudy the

wvetted surface, The whole resistance to evaporation is concene
trated in this film of bouwndary layer. The water vapour®id
first diffused through the boundary layer and then carried tofthe
main aii* gtream by convection, Since the boundary layer

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

veloclty, the water vapour transfer rate ls also affected
likewise,

Similar to that of the mass transfer is $he sensible
beat transfer from wetted surface to zir in the case when
spray ifate-r temperaturs is more than the dry bulb temperature
of the air. A concept of boundary layer can be formed here
also, 80 that the heat transfer is by conduction first znd is
- followed by conveetion after the boundry layer to main air

stroan,

In analyzing the effectiveness of the heat tronsfer
equirment, the wvarious dntervening resistances will have to -
be determined, It is quite gimple comparatively where the
driving potential 1s homogeneous throughout like temperature,

But in this case of evaporative condenser there is both heat o




and mass transfer, The latent heat transfer caused by the
evaporation from the wetted suxface has g driving potential

as the difference between the partial vapour pressures, while

for sensible heat transfer from yetted surface to air the
driving potential is the temperature difference between the |

spray water and db, of air,

, .
(12) has tried to analyse by formulating g °

James
concept of a Single resistance for heat transfer between the
wetied surface and air stream and considering a driving
potentlal as the logarithimic mean tempersture difference of
the spray water temperature and the alr wet bulb temperature,
The detalls of the James analysis has already been discusseds
Goodman who has done excellent analysis of heat tronsfer has

criticised James approach to the problem,

2e3e24 Thamacn(zg) has » theoretically proved that a concept

of a single resistance can be taken, provided the driving
potential for heat transfer may be the difference betyeen the
sPray water temperature ani average air wet bulb tempersture,

This equivalent resistance is given a symbol Roe

The rate of heat transfer for wetted surface of

infinitesimal area dAo is the sum of latent heat and sensible

heat transferred per unit time. %his may be expressed in
the following equation:

dg={ 78 (W= W) g, (% -t) J a8 vernena(2.3)
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in vhich rfd (Wy - W ) d4, represents the latent heat transfer

and fo ( t, - t) a4, represents sensible heat transfer,

London, Manson and Boelter have shown for water and

alr mixtures Raynolds modulus

Fg Cp/ B,

|
.

3 = Ly /Cp eeeef2,4)

Substituting (2.4) in equatibn(2;3b

& = fo /ey ( > (W, -;W)+0p (=t o
ceses(2.5)

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

h = rw + cpto *a 000(20 6)

Buetion (2,5) may be reduced to the following form

g = /¢y (B w0 an, .27

This is the equation used by Goodman in his analysis

of heat transfer in ev,porative condenser,

The heat flowying from the infinitesimal area causes
a change of enthalpy of the air flowing past it ,
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dq = Gdh = f{: / GK} (hw - h ) &A() 0.!0(208)

fearranging equation (2,8)

D sy W revs cam s - """"'“"‘“"".“"""'"""’"."‘"‘“ aAO TEX} 20

Assuming that the spray water tempersture remains, .

constant and therefore h  is constant equation(2,9) can be

integrated
n? A
dh £o
= day  ...(2,10)
P B | 6, ©
h ¢
(h - h, )
( hw - hg ) GP G
by ~nh ,
or — i .' = e Y £ /o &
b ¥ h’Z
hy = Iy M |
= e | cees(2,11)
H, =~ b |
- £
Where M = Ay it

« But the total rate of
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change in Enthalpy of the air flowing through the condenser is
given by the following equation,

q = ( h1 - ha ) 010(2012)
hy, = o@ + by
]
Bubstituting hy iIn equation (2.9)
(b, -hy) = e (b, = ¢/G=-hy)
. or (hw- hl)(‘iﬂem)a-em(qjﬁ)

M ~M

Therofore, q = =G (hy =hy) (twe ) e
. x
= =@ (hy ~hy) (e - 1)

' =i
= G ( bv - hi ) (1 - e ) ,0-0-0(2013)

For the limited range of w.b.te (55% to 100%) the
enthalpy of the air and gssoclated moisture may be expbessed
as a function of the air wet bulb temperature.' This can e
represented as. ,

, 2
(t) |
h T et e {2014)
145

Substituting in the above equation (2,13)
@ | M .
2 .2
125 1 ) (2019)
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: -G -}
gt +t) (fy=t) (1=28 ) .ue.e(2.16)
145 o
Assuming that the equation (2,16) may be written in the

folloving simplified fomrm,

q. = F“ AO ( ‘bw - ‘b" ) ouvto(2.17)

Then Py , the latent and sensible heat transfer ° '

coefficient ma,y be written as
G R '
P = Tt ( + t ) (1 - e ) ooga.(2-18)
t 145 4, t‘”’ !
" In as much as the heat flow/unit area from the condens-
ing refrigerant to the alr siream is constant, the following

equations may be writien for heat flow through the wetted tube.

£, (% - &, )

i

W

i

fm/ 3 (%3 - %)

4 fp
Ao

L}

(tp = %4)

fi

U1 ( tr - t“) 0n0(2019)

Solving for 1/ Uy in equation 2,29

1 1 1 :
- o v R T -1:- + *--ég""" easee s (2 ‘20)
Uy Py f;, fo Ay . %y
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Blnce the conductivities may be expressed as the reci-

procal of the resistances per sq.ft. of outside surface Ao

Therefore 3
Rtf = Rﬁ‘j + R\\] + Bm * Rr .....(2.21)
whers . o
1 | : 1 1
" My —— ap,
F1 “4
Wiy = By » Vfa = Ry
o Ao _ L
e S = K, PR ¢--3-2
y Iy

The resistances here are considered a8 resistsnces

to heat flow/ sq.ft. of outside surface,

The total heat transferred from an evaporative

condenser tube will be given by t-

q = U'l 'AO ( ‘br - t“ ) Wﬁg" (tr"’ t‘ ) caew (2023)
Rty
It must be emphasized that the driving potential in
e equation (2,23) is the difference in refrigerant temperatire
and incoming air wet bulb temperaturet

[ 2




This equation can be successfully used for caleculating .

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
deslgn on Fy may be easily misinterpretted, Therefors, equation
(2.17) 18 redefined,

q = FAO ('bw- 'h“_ave) ....(2424)

where 1% . average is the average wet bulb temperature between

incoming and outgoing air,

Comparing equation (2,24) with (2,16)

P = (4, + by ) - \1-e)
. — . 1 1 ) ( -%H - . ﬁi) { 1 e‘ ) . chb(2625)J
145 | -
45 4, (t, -3 ave, )
It may be stated that ¥ & F, are related by
) RF t -t '
wa TRV o » a e ..l*v(2.26)




2.4, HEAT TRANSFER THRORY - WILE

(12) | (22)

Barlier investigators James 5 Thomson used

the combinatlon of temperature patehtiai and vapour pressuare

relsted by a common coefficient, but the important transition

to enthalpy as the combination of these two forces seems

to have occurred as a logleal sequence wilthout specific
o | (23)

record in the literature, However, it was Wile who

used enthalpy as the driving potential in the analysis of

heat transfer in evgporative condenser,

2,4.1. The heat transfer in evgporative condenser has two
distinct mechanisms.

(a) The heat transfer frum-the wetted surface of

the tubes to air, The driving potential is eompqsgd_
of both tempsrature and the vapour pressurs diffe;
rence, This can be expressed by the difference of
the enthalpies of the gir saturated at the subface
temperature and that of the air in the main stream,

'(b) &he heat transfer from the condensing refrigerant
to the wetted surface has the temperature driving
poténtial. This is the difference in temperature
of the condensing refrigerant snd that of the
wetted surface, The heat transfer for the refriger-

ant through the tube to the wetted surface can be'
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expressed as the function of this temperature
difference, The problem now remains in determining
the theoretical wetted surface temperature ty s
which fbi;ms a Sepamﬂﬁg line befween the tempera-
ture driving potential pm»ceés and the en'bhalpy |
driving potentlal process, Fortuna‘tely) this

temperature +,; , may not be determined precisely,

A small error in determining tymay not cemee an
appreciable error, since this will have an increas-
ing effect on the heat transfer on cne side of the
separating line znd o decraasing effect on the
other side, They may not balance exactly each
other, but hoyever their effect is compensating,

2,442, Similar to the heat transfer equation with tempemtulq
driving potential , is the following equation used for the
heat transfer from the wetted surface to air using enthalpy
driving potential, | |

q = ‘fa' Ah Ahm v'o s (2027)
(n =k ) - (b, - b )
Aby = ot T M0 Bl vere(2,28)
(n, - by )
log _
e R .
(hyy=hy ) - (by, ~h ) |
q = fB"A'-‘ ! ; 2 hz TYE RS (2029)

(bay - ) .

2" Y2
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Assuming that the wetted surface temperature is conmstant - |

Y

| th = tw‘l .' =:=‘ tw '. ‘ 0'0(2.30) ‘

it

‘I‘herefbr’e ’ hwz’” ‘\ri ~ - hgg ‘ - ove (2' 3;)

Where hw_ corresponds to a theoretical corstant

surface temperature ¥, which will produce the same effect

as the variable surface temperasture actually existing in the

condenser,
| (hy -hy ) R
Q9 = fB\A ' '2‘ ! .o..(2.32)
' . hw "h*
log |
hw -"hz
1og *?w -y _ £, A
- h‘ - ( h? - by )
hy = by q
£, A
hw - h1 31._(112 - hg)
. " e 4 |
hy ~ hz
s (- hy )
- , - £ ; . (2 1 ,
OR hw h?. .‘g I @ 51 A / q 000.0(2033)
hw - ht .

Now eince the heéat sbsorbed by air

q z= | ( hZ - hl ' )Q‘ ‘ 66.1.‘;{2.34)




Therefore
- hp ~ fsMq « /G = -£54/G
= @ o
hy - by
_ h,~- h
- 2 1
L@t “‘hg hz = Z - 1 e 0.00’&(2#35)
by - By By =By
- (5,80 @) o ) |
. and % = @ : - T sse s (2*35)' *

Z is the bypass factor, represents that portion of
the total air passing through the yebt-ed surface; which passed
unchanged and remaining 4s supposed to be in intimate contact
and becomes saturated at the surface temperature tw, %The inlet
and the cutlet conditions can be plotted on the chart, The
intersection of the saturation curve and the process line
joining the inlet and ocutlet conditions gives the constant
wetted surface temperature tw, The corresponding enthalpy
hay can be readily determined now., XKnowing hw , Z can be
calculated. Z depends upon fz, A énd G + For the accuracy
in detemining tﬁ s 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
Figurgfggpresents test points (1) and (2) but have such high
relative humldity that the intersection of the process line
and the sgturation line is poorly defined,

U, the overall coefficient of heat transfer from
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refrigerant vapour through the tube wall and water film

%o wettedi surface can be detemined noy,

4
v = ‘ . - iooatoo.‘(gg.m)

A SO i v st R RS S e
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CHAPTER 111

THE PERFORMANCE OF EVAPORATIVE CONDENSERS

The effect of varying water flow and alr
flow rates on heat transfer coefficients Is
discussed extensively, In sddition, coefficients
of heat transfer, applicable to evaporative conden-
gers for bare pipe and fimned surfaces have been
compiled in tabular form from pPublished literkture.
A graphical method suggested by Thomgson for
anolysing the performance of evaporative condensers
is discussged,

N s comie YR s




SYMBOL S

Outside surface area of the coil in 8qeft,
Inside surface area of the coil in sq.ft,

Coofficient of heat transfer of the refrigerant film
Btu/deg, F/hr, S8qefts of intemal surface, -

Coefficient of heat transfer through the metal wall of
the pipe Btu/deg.F/hr/sq.ft./inch of thickness,

Coefficlient of heat dransfer of the water £ilm from'the
metal wall to the yetted surface Btu/hr/deg,F/sq.ft,

Ratic of the outside %o insilde surface of the coil,

Total heat surrendered by the condensing refrigerant

ghat is, the total heat capacity of the condenser in Btu/
I ) ’

Convective

L Coefficiont of heat transfer between air and water( Adr

f1lm coefficlent) Btu/hr/sq,ft,/deg. F.

Extornal filn coefficient of heat transfer Btu/hr/deg.F/
8geft, of external surface.

Coefricient for the Sensible and latent heat transfer
from water surface to the outside air-Btu/hr/deg;FISQaft.

Overall coefficient of hent bransfer from vefrigerant va-
pour to outside gir Btu/hr/deg, /s q. £t

the rate of water floy per sq.ft of the projected apes
in gpm, :

flo
rate of wateqﬁ%gg hour |
Length of pipe in feet,

Total resigtance to heat flow from inher tube surface to
SPray water, oefiwed by eqn 3y

Cross sectional areaﬁfox-eanductioh.

Thickness of fins in £t,

fin spacing in ft,

Length of fins in £t, | .
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 8engible heat transfer from wetted surface of the tube

Resistance .of m-tal tube wall.

Ethalpy' of the entering and leaving air 4n Btu/ ib; res,

Avergge perimeter of <finned surface . -
Surface of bare »mpe to which fins are att‘a,ched, 84 f‘h;.'
Temperature of inside surface of metal tube deg,Fs
Temperature of spray water in deg, P,

Registance per unit outside srea, ,
Weight of air circulated through the condenser lbs/hr;
Specific heat of air Btu/1b,

&iscosity of alr lbs/hr/ft, |

Air rate in lbe/hr/sq £t of ninimun free doction;

2 % heated length of fin over yhich air travels,
Equivalent heat transfer coefficient for latent and sena-
ible heat transfer from wetted surface of the tube to ailr
strean Btu/hr/deg, #fsq, £t. as defined by equation 2,18,
Equ\ivglen‘b heat transfer coefficient for latent and

to air stream Btu/hyr/ Deg.F/sq.Tt, as defined by equation

L »

Resigstance of the comd ensing film on imner tube yall,

Resistance of the water film on the outside of the tube,

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

Besistance for sensible and latent heat transfor from the
vetted surface to air stream defined by equation 2,22,

Resigtance (total) for heat flow from the refrigerant to
the alr stream defined by equation 2,21,

Total resistance for heat flow from the refrigerant to the

—r.

alr stream defined by equation #R. = Ret LtBm + Rp 0
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2

I}"

Wet bulb temperature of the entering air Deg. F.

Overall coefficient of heat transfer from refrigerant
vapour to wetted surface Btu/hr/sq. £t./deg.F,

Bypass factor defined by the equation 2.36.

Entholpy of the saturate alr at the spray water temp.
Btu/ b, :

Temperatire of ‘the condensing refrigerant deg, F,

Coefficient of heat transfer for sensible gnd latent héat
from wetted surface to the air Btu/hr/sq.ft/Btu, -
defined by equation 2:27, = = ‘ .

i

g : . 2
 quantity equal to ( £, B/fj.a ).

Mjusted bypass factor defined by the equation

Adjusted overall coefficient of heat transfer from refri-
gorant vapour %o wetted surface Btu/hx/s qe £t/dog, P,




34

CHAPTER III

THE PERFORMANCE OF EVAPORATIVE CONDENSERS @

31 In order Yo predict the perfommence of an evaporative
condenser, it is useful to study first the effect of the
fariablea such as alr floy rate, water flow rate and the

cord ensing temperature on thy various heat transfer coeff:l;
clents involved in the heat floy process, Once this has been
s‘tudié&, the performance characteristics could be drawn based
on the test results,

3324 JAMES'S ANALYSIS:

In the analysis of heat transfer{discussed in
ahapisér 11),9ames considered fo, the external cosfficient
of heat *i::é?anéfer a5 composed of both the water £ilm coeffi-
cient fy and the water to a:lr £ilm ceeff‘icieiat £s (Fig. 2.1)

The ex’cérnal film coefficien‘b h.fe will e affected
by the c:hange in the alr quamity or thea wa:’der flow rate,

3.2.1. Water flow 'feetinwifa the external coefficient:

Water quantlity wlll afiect both the fy and fg
Increased quantlty of water will tend to imcrease fy | gince

the higher flow rate over thé'_ﬁubes will be obtained, But

as §; 18 already 250 or more, the effect of Increasing the




water quantity above a certaln point will be negligible in
respect to overall performance, A&t that certaln popint, the
amoﬁht of the water needed to wet the outer surface of fhe
tubes completely lnto a thin film of water, 1s obviously ,
the winimum quantity that would h& required, Increasedwater
. quantlty will tend to increage fg » the water to alr coeffi-
cient, bﬁt a8 in the case of f,, , beyond a certain limit

its effect on f5 will ﬁot he'pronaunce&; At higher waler
flow rate higher relative alr and Watar velocities will be
obtained and more water surface ﬁill!be offered as diffusion
surface, Test data in toble 3,1, on the experimental bare
pipe unit illustrate this point,

According 1o test results not move than 10 gpm
of'ﬁater would have bsen necessary to gecure practieally
npfiﬁuﬁ performance, Howaver, it is desir&ble to eircdlata
a little excess water so a8 to keep the colls clean and
wa&h a1l aeyosita dﬁﬁﬂ~iﬂﬁ0 the drmin,pan. Gbaerving the
watax‘flow in run nos 3 Table 3,1 under glaﬂs %t was Seen
thet all coils were campletely watted hut thare certainky,

was nat excess of water being azrculata&

While carrying out these tests, James noticed that
4t was not necessary to spray water over colls, nistiibmting
water through holes drilled‘in ‘the pipe gavé excellent result
- and to some extent aﬂbided thé trouble of nozzle clogging,
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TABLE 3:1.

CHANGE IN HRAT TRANSFER WITH W ATER QUANTITY,

vy

‘Run. Entering BEntering Air gquan- Condensing Water # of

Toe qpop  wop tity TR e 1T
B °F gm.  °

1 89,6 .TT.5 4303 ©403.0 . 2.5 5.5

2 9.8 81 4273 1031 - 4,95 84,4

3 91,0 . 78,0 4456 - 103,1 10,05 98,2

4 90,2 78,3 4280 1031 14.25 100,0

the operating conditions.

The amount of the make up. water required varies with

About 1.75 gallons per hr, per ton

wlll usually be sufficlent bul ordinarily some excess water is
supplied to carry off deposits on the coils,

3.2.2. Mr Flow as Affecting £, , the external Coefficient:

¥ith the increasing alr flow rates, £, the external

£ilm coefficlent increases. When the air flow rate is incressed

higher rubbing velocities of water and air are obtained, The

¢ross floy type of can@enserﬁ in yhich the air and water flow. are

opposing each other, greater turbulence and increpsed diffusion
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surface i8 created and this tends to increase fg and finally ¥ke
Uy y the overall heal transfer coefficient, Uy will increase

with increasing air velocity m a the rate of change depending

on the type of surface.

vater flow, Uy increases as approximately 0,475 power of veldeity
Table 3,2, conteins the test datap obtained by James on an

For a bare pipe with opposing air an 4

exverimental bare pipe unit illustrates this trend,

TABLE 3.2,

CHANGE IN HSAT TRANSFER WITH AIR AQUANTITY

Run Bntering Entering Condensing Water re~ Alr quan~ % of U,

Ro; db Wb Temp cireula- tity ¢fm  value
op © F op ted gmm

1 84.4 78.15  110,3 17.8 1901 T1.8

2 81415 78,3  110,2 98 2780  85.4

3 80,75  7T7.8  110,2- 17,8 3830 1000

g

Starting with a higher value of cfm per ton and

decreasing this quantity in regular increments, it will be
found that the rate of decrease of lograthimic mi&k n,%,4.

is failxly uniform down to the point vhere wb‘ temperature rise
is approximately one half 6£ the diﬂere—me between condensing
temperature gnd entering air woet bulb temperamra. '

decraase wlll result in a sudden £211 of m.t.d.

Any further
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With sssumed dedigned conditions of 110 OF oondensing
ond 78 degrees ¥, entering wet bulb temperature; the yet bulb
temperature rise to sptisfy the asbove point shawld not be abowe
16 deg, F. Vith 16 Deg. F wet bulb temperature change through
the unit, apyroximately 190 efm of air per ton is required ;
However it must be pointed out that either hlgher of lower
vslues may prove out to be economical for a particular combinas

tion of coll and fan,

A balance betyeen the com; due to fan size and

Horse Power and the effect of air quantity on heat transfer

should be maintained;

3e2: 73, -Condehsing Temperature iffect on fg , the external
Coefficient : ' : ‘

4 change i.n" the condensing temyamture » or temperature
level hgs 'a marked effect on coefficlent f3 , since 1t directly
affects the vapour pressure difference betwesn the wet bulb
temperature aml the temperaturs of the wetted surface. Heat
transfer decreases with decressing condensing temperatures. The
vapour pressure difference is an important féetor in determining
the magnitude f; wvhich night more correctly be calied a coef-
ficlent of vapour daiffusion. |

Suppose that the following two sets of .conditions
existed in two identical units,
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1. 110 °F condensing temperature 85 °F wet bulb temperaturs.

2, 90 °p condensing temperature 65 OF wet bulb temperaturs

When gll other varlables such as air velocity, water

quantity ete., are same, unit 1 will have the higher heat

transfer value,

In both cases the mean temperature difference is the
same -but analysis shows that in unit 1 there exists g greater
vapour pressure difference betwesn water to alr than exists
in wnit 2.‘ fssuming a drop of 10 OF between the condensing
temperature aml the temperature of the outer surface of the
wal%,kths conditions should be written as follows

il

1o Surface water temperature = 100 °F uwith 85 % &, w.b,

80 °F with 65 °F av. w.b.

i

2, Surface water tenperature

Unit 1 should have af vapour pressure differenteof
1.916 - 1,201 = 0,715 inches of He, while unlt 2 would
have a vapour pressure difference of 1,022 ~ 0,616 = 0,406 in Hg,
3ince vépour pressure difference being the driving force, unit
»t would obviously have a faster rate of,gvaporation, and there-
fore a higher value of film coefficient,

Test datap are shown in Table 3.3, to illustrate tho

effect of condenser temperaturs on heat trans fer,
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[T v TR

TABLE 3,3,

CHANGE IN 34T TRANSFER yITH CHANGING CONDANSING THMPERATURE

Run Entering Entering Alr quan~ water re- gggdenw Percentagd

No, d4,v, OF webe Op tity efm  clroulat- temp, of U
ed gm op value
1 97, 1 78,05 3570 17.4 9.3  88.3
2 79,95 77.85 3730 17.5 100.¢ 9444
3 80,75 78,22 3836 17.8 110,60 100,0

3.2.4, Rating Curyes:

' By selecting a set of different wef bulb temperstures
the corresponding total heat capaclity can be computed with the
help of the vet bulb m..t.d, and 01 s keeping the condensing
tempergture constont, FPlotting wet buld temperstures versus
heat caéaéitj in nﬁmber of curves could be obtained for
differethconétant condtensing temperatures. These curves gre

shown in I“igo R

An improvement in thise usual type of rating curves i-8
suggeated by QTémes. Plotting cspacity versus total heat of
entering air tends to straighten out the curved line relationship
obtained in the Fig, 3.1, Such type of rating curves are shown
in fig, 3.2,




A series of tegts have indicated that a straight line
could be drpwn through the test points at any fixed condensing
temperature when the total heat of the air is pio%ted against
the capacity. Such a straight line intersects the zero capacity
ordinate at a point vhere the entering air total heat corresponds

to a wet bulb air temperature equal to condensing tgmpgraxure.

343 THOMASON'S ANALY-SISs

3¢3¢1.  Thermal Coefficient of heat Iransfer:

The overall coefficient of heat transfer Uy, depends
upon the varicus intervening resistsnces in the path of heat .
transfer,such as those due to the refrigerant film , metal wall,
vater film and &ir £ilm,

§93 Rr the r651stance of the refrzgerant filn only
enough data gre availables, Kratz wﬁth experiments on horizontal
shell and tube type evaporatiwors found out the average film
conductance g for condensing Ammonia to be 1635 Btu/hx/°F
/8q. £t Sherwooz is with shell and tube type of ammonia con-

densers for condensing and desuperheating found a value of

Fr = 9500

Sherwood and Holland with double pipe ammonia’oondenaers
including desuperheating and condensing obbained experimental
data which yere converted by , graphical analysis by Thomasont

to film conductance from which £, = &0 was obtained,




42

In the absence of more specific data it scems desirable
to use gome gverage value for calculation parposes, Shervweed's

value of P, = 950 mnight be considered suitable for this

PuUrposg,

Table 3,4 shows the values obtained by different inves-
tigators for Fue

TABLE 5.4

APFROXIMATE HSAT TRANSFER COSFFIGIENT F., BET\ N CONDENSING
REFRIGIAANT AND TUBE WALL. ‘

Condensing Reft, Pp Btu/hr/°F/ sq,ft. SOURCE
Mumonia 950 : Sherwoad(21)

- Freon 12 250 Hull (11)

| - 160-300 Jeames

- CGarbon Tetrachloride 300 ' Hull
Dichlorc ethylene 350 M1l

The thermal conductivities for materials used in

© cord ensers are 80 large that the resulting resistances become
negligible and may be meglected in most cases, %hemmal conduc-
tivities for eteel and copper are apiroximatoly 360 and 2500
Btu/hr/°F / sq.ft./in respectively.

The £ilm conductance from the tube surface through




the water film apvears to be influenced by the rate of evapors-
tion , air rate, water film thickness, or rate of spray water
Table 3.5, showé the results ,Thomson has obbtained from an

evaporative condenser,

Table 3,5, @&ffect of Vater Film Thickness and Alx

~ Velocity upon the Water film heat transfer 2g
Coefficient £y

Water rate, gal./min  Film Air Velocity , £t/ min,

/8q.£t, of yrojected  ghickness 100 200 300 400

areas fw - Btu/hr/0F/sq, £,
7.45 0,015 870 950 —on  —mem
3,33 0,0118 640 700 760 820
1,52 0.0091 450 500 530 580
0.62 0.,0067 300 350 390 430

Thomson also noticed that although heat traansfer rate
incressedas the water film thickness increases while the rate

of evaporation decreased with the increasing film thickness,

The data obtained for £ from the 'trickle' type of
coolers can be guccesgfully used for the evaporative coxdensers,
The water is supplied by perforated water distributing pipes
placed gbove the banks of the coil. MaAdama(15) gives thé

emperical equation for the film conductance for trickle coolers,

Vi Vq

£, = 65(§ -y g eesssk3.1) .
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The equation given by McAdams can be reduced to the following
form 3 '

£y = 408 (u")? vere(3.2)
Where W' 15 the rate of water flow/sq.ft of the proflected area

in Gallons per mimute,

Film corductances fy for warious water rates have been computed

by means of the equation(3.2,)and are given in Table 3,6 °

TABLE 3, 6.
HEAT TRANSFER COSFFICLEN'S BETVEEN FPIPE SURFACE AND WATER FIIM
FOR VARIOUS FLOY RATES,

Uy Ty vy £, W 2,
0.5 325 2,5 555 4.5 675
1,0 407 3.0 59 5.0 700
15 470 3,5 622 5.5 722
2.0 516 4,0 650 6 43

It may be noted that the valuaéof'fw given 1n'Table 3.6
agree closely with theecobtained va&aea by Thamscn'fbr low alr
rates, for high air rotes the values of £, found out by Thomson
are higher than those shown in Table 3,6, ZYhis may be explaimed
by gréater turbulence obtained with higher air;fIOW‘rates.

If the water is made to floy turbulently over the coils a highq?




Sonn
&

value of £, may be expscted then those computed from Mc Adams

equation. This may be accomplished by apraying the water from

a nozzle rather than water drip.

In cage &f the finned surfaces the resistonce %o heat flow
offered, by the tube wail and water film wetting the surface can

be expressed ap.roximately by a single eguation as given by

jshye guide'?) - .

S +§
R = . -~ . o.a(3.3)

£e ( 2/n - tanh(ml,) + S)A[

Ad the total rate of heat transfer in Btu/hr in tems of
R is expressed by the following equation

( - oty ) ,
g = : . 'Y QI(3‘4)
R

‘Bquation (3.3.) can be simplified by the following
considerations ¢

t. The numerical magnitude of the producsé ml1 for evaporative

condensers is greater than 2,3, therefore tanh mly = mly

2. The thickness of the fins is small as compar.d with the
Spacing , thus 8 + 6 = 8

3. The surface area Ap is approximglely the inner pipe

areg Ai .
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yith these approximations equation 3.3, tay be simplified

8

to , R =

) oao0(305)
fW (2 11 + 8 ) Aﬁ

We have been alvays considering the resistances per gq. £,

of the xra outside area, the equation (3.5)may be reduced to:

s | .

Rp = S ' A o 009(306)
£, 0214 +8) --%-a
Ao

Uhere R, 48 the resistance per unit outside areal

The valuos R, £, » based on equation (3.6) arc given in Table
3.7 for several fimed surfaces, In order to find R, , divide
values of Rp fy from table 3.7 by‘fw,aﬁ selected from table

% B4

TABLE 3,7

VALUBS OF THE DIMENSIONLESS MODULUS Ry £, FOR SEVERAL FINNSD
SURRACES OF AN BVAPORATIVE CONDENSERS *

Nemingl dia. of Spacing of Length of fins, in
standard pipe,in., f£ins, in, $ 3 3/4 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 2.38 2,77
1/2

1/2 1.55 1.88 2.25 2,64 .
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The convective coefficient of heat transfer £, , is a
function of both the cuteide diameter of the condenser pipes
and the air rate. Table 3.8 was computed from the égué.tian 3e7
given by McAdams for air flow P+t 10 rows of Staggered pives.

o 0.6,
ic = 001;’3 c? Gmax, / 30‘4 ‘ o-ow0(33'7)

IABLE 3,8

VARIATION OF THB CONVECTIVZ HiAT TRANSFER FACTOR o fgr BARE
DRY-PIPE, STAGGARD 10 RQUS DEEBY WITH AIR RATE AND .IPB DI AMOTER

Mr rate, lbs/hr § .zﬂ. Pipe diameter, inches,

ggnnéiﬁéeﬁee crossection of 2/8 1/2 3/4 4
1000 _ 4.7
1500 | 6.8 6,2
2000 92 8.0 7.4
2500 1 1.,,0 10,0 9.1 8.4
3000 12,1 1.0 10;2 9.4
3500 15,5 12,3 11,3 10,4

4000 | 4.5 13.2 12,10 1.4

For the other arrangements of staggared condenser piping,

the vaglues of Table 3.8 may be multiplied by the coefficients
shown in Table 3.9,
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TABLE 3,9
CORFPICIENT'S TO Bi USED WITH VALUSS OF TABLE (3,8)

Rows deep 2 3 4 5 6 7 8 9 10
Coefficients 0.7 0.82 0,87 0,92 0,94 0,96 0,97 0,99 1,00

The convective heat transfer faeﬁar fo for dry fiﬁnada
surfaces are slightly lower than those IQr bare pipes , Merdaus
gives an emperical equation for seversl types of fimned surface

namely

- 4 |
‘fe = 1/3l3 ( M4 Gmax _ ) / ' ovooig&a)
| Zp

Tébla 3.‘(0 has been prepared by the sbove equation for

several finned surfaces;

TABLE 3, 10
- CONVBGTIVS COBPFICIEN? OF HSAT TRAWFIR fo , PR SBVERAL

 HON CRIMPED DRY FINNED SURFACSS, (Values of fo are given in
Btu/hr/°F/ sg, 11, for alr at 90%, Fin 8pacing is 1/4 ineh,)

) B

Towinal dia. of Finileﬁggh Alr rate in 1bs/hr/£t2 of minimum
nehes

standard pipe, in. _ free area.
| 2000 2000 40Q0...
. 0.5 8.1 ‘9.8 ?104
1/2 1,0 6.3 T 8.9
0.5 7.8 %4 10,9

34 1:0 61 15 89 -
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fo , fo¥ the gbove table are based on dry surfaces, but
it is believed that they will hold approximately also for a

wetted surface,

3032, _Graphical Analysis of Evavorative Condenger Performancely

The graphical method has been found to be very useful
and simple in determining the perfoxmance of an evaporative

condenser,

The calculated resistanceare plotted on the zbeissa

Py

“,.‘ 14 -
-
an@, wEANE  WARMAIF W GR Y YN N B W Y Gheb MRV B WA WP WARN WL AR wAmY  aewe Ry W W dR o SeGyee

ger on the ordinate, For illustrating this method the data of
the condenser designed in Chapter IV are taken;

$ Condense;f Datat

Compressor rating to which condemser is to be comected 75 T‘onﬂ

Condensing Temperature 103 %p
Suction Temperature . 40%
Wet Bulb temperature of air | 80 %8
Spray wé,ter temperature 97 _01?‘ |
Alr handled per hour 83,500 1ibs,
Surface Area : 1283 8q.ft,
Pips size for the colils 3/8 inches std,
| nominal gize.

Rate of water floy | | 0.7 gpin/eg.ﬂt. of

. _ : projected area,
fo value taken | 12 Btu/hr/sq. £4./0p

U , overall coeff, of heat transfer 133 -do-
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fp = %00 Bﬁu/hx/03/8q,ft. fwv = 364 Btﬁ/hr/QE/8q,ft. & 1 =0‘091l
SOLUTTON: | . ook

M
@ (w*h)(i*e)

ene(2.18)
145 A,

£o A
0,24 G

substituting the value of £, , 4, and ¢

12 x 1

M = = 0,77

65 x 0,24

by , the spray water témperaﬁure as determined = 97 °p

substituting the values of G , A, tﬁ and % in the
equation(2,18)we get ,

83500 (97 + 80) (1- o )
145 % 1285 |

Py o=

pt M = 0,77
83500 ( 97 + 80) ("1 - & 077y

145 x 1285
Vz 42-7
1 1
1 7, 42,7
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The various resistances may thercfore be calculated,

A 1,37

A3 fp 300
1 0,091

%n IR ee—— N oot 0,00025
fr 360
R ' ! 0. 027
. = S — I, L0025 .

£, | 364

1 9
B

Rt1 s the total reslstance for the condenging refrigerant

to the alr flowwoutside, i the sum of all the resistances,
caleulated gbove

= 0,03097
The total heat flow therefore will be,

1285 (.103 - 80)
0,03097

g = = 960,000 Btu/hr,

Fig, 3.3%. shows the graph of the magnitude of the resis-
tances aml ths temperature gradient, The tempergture gradient
is obtained by draving a straight line from a point correspondin#
to the condensing refrigerant temperature (103 °F) é;a the
point of intersection of tho entering alr wet bulb bemperature
(80 oﬁ‘ } and the total resistant le1 . %he temperature of
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the spray'water can be read from the graph directly and is
97 °F as given in the problem,

It nay be noted heré that the resi&tanée from %the
réfrigerant f£ilm to the water £ilm 15 smaller than that of
the resistance from the water film to air, These goontly

unbalanced resistances which appear to exist lead to srrerncous |
conclusions, however, since the air wet buldb temperature- changes
in its path through the condenser. Andther equation (2,25)

may therefore be used for mass and heat Yransfer factor,

The driving force for the total heat transfer from condenser .
wetted surface is faken as the difference between the spray
vater temperature and the average alr wet bulb temperature,

The leaving alr wet bulb temperature may be determined corres-
ponging tb ‘hgfe. - computed from the following equation used :

q - G ( hz?" h1 ) 0.9 (2-34)
¢]
w— +h, = h

¢ L 2

, The leaving air wet bulb temperature is 90,5 °% , an-d

[

the average wel bulb temperature of entering and leaving alr
will be 85,25 °F,

P

Substituting the known quantities in the equation

#

a , . _ . i
145 A, | ( t -1 )

w {1 ave. .
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65 ( 97 + 80 ) (97 - 80)
145 (97 - 85.25)

(0.538)

= 62,

Therefore Rp = V/F = 1/62 = 0,01615

The various resisiances known are 3

Ry, = 0,00025
R, = 0,00275

The total r:sistance Ry = 0,02372,U, the overall
coefficiant of heat transfer {von 'Véf’)’l'.tyu%t to oy stvedm.

= 1/Ry = 1/0.,02372 = 42,2 Biw/br/sq.£t/OF

U = 42,2 Btw/hr/sq,1t./°F

Thersfore, the total heat transfer from the condenser
vill be given by

q = Ua (b, 1t ave?
= 42,2 ( 103 - 85,2) x 1285

This result checks closely with that previously
obtained, |
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I a strpight Zine is drawn joining the condensing
temperature to the intersection of the average wet bulb
temperature anl the equivalent resistance Ry ; it w111 ve
noticed that this YTime lies on the previously drawn tempe-
rature gradient line, +t may also be seen from Fig, (3.3)
that the apparant unbalanced condition for heat transfer has
besn altersd by using Rf instead of R £, for the reglstance

t0 mass and heat transfer,

The warious resistonces for an evgporative condenssr,
established once, will not changé,withthe‘ahanging operating
conditlons such as load o? entering sir wet bulb temperature,
Provided the water flow and ,ir flow rates remain constant.

In order to determine the perfomance of the evaporative
cordenser for any changed conditions of the entering air

wvet bulb temperature ad the refrigerant temperature, anvther
straight line should be érawm for the new refrigerant %&mperaiurq

to the intersection of previously drawn total resistance Zine

Ryy  with the new wet bulb temperature of entering air,
Such a line is shoyn in dotted in the fig, (3.3)

The variables such as the spray water tempe;aﬁure,
average pir wet bulb temperature and the pipe wall temperature
can be obtglned from the graph immediately by noting the
&ntersection of the temperature gradient line with iheAvaxiaus~
registgnces; The total heat from the condensers ma& also be

conputed, from the known total resistance gnd the difference o
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Te

3,4.2,

Substitute 2' in the equation
q

hy = by
¢ (1~ 2"

1
hw can be calculated « Determine corresponding
values of t’w ’ #he adjusted wetted surface tempera-
ture,

Determine value of adjusted U' by substituting 47
in the equation | |
| 3
d

LA -
én( B - by

‘Plot U' versus load as shown in $ig,(3.4) If the datas

are determined acourately, the greph should fallqw a

smooth curve,

Rating Curves:

These two curves define the condenser performance for

’any combinption of entering alir wet bulb temperature and

condensing refrigerant tempersture, The method of Preparing

rating curves is as follows

1.

2,

2ssume any desired heat input and from the graph find
out the corresponding vaplues of U and Z.

Determine ¥, <from the equation
Y = b T o U4 -
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find out the corresponding value of the enthalpy h, .

3. Determine the entering wet bulb temperature ty from the
enthalpy of hq in the equation,

Ry = hy = ¢ G(1-2)

4, By selecting different values of ccndeﬁsing temperaturé
corresponding entering ad wet bulb temperatures apre ‘
determined for a fixed assumed value of heat ilnput, At
different values of hegt input, different sets of -
valuzg for condensing and entering air wet bulb tempera=
ture can be found out, The values are plotted as shown

in ¥1g,(3.5).

3e4.3. Bffect of Alr Velocity Variation:

Z, the bypess factor should incraaae with the increase

of & , the air flow rate, But the test results shoy that 2
Yemained practically constant when € was increased from 2600 to
3100 cfm, This may be expla-ined by the increassed wetted surfacel
area due to the greater turbulence created as a result of
increasedvelocity. At increased velocity of air the water
droplets in the tube bunile will form additlonal wetted surface
in contact with air strean. The wetted surface is considersbly

greater area then the getual area of condenser tubes.
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3e4e4. Effect of Loading on Bypass Factor % and Coefficient U.

The graph in the fig (3.4) shows that the bypass factor
Z 1s decreased with the increase in loading. On the otherhand
equation 2 = e ( 5,4, /6 ) veees(2,36)
ghows that the bypass factor Z is independent of load if
physical rela&ioné remalnedconstant, Alr quantity slightly
varies with load at constant fan speed; Moreover according to
tests & égmained practically unchanged #ith the increased air

flow rates,

‘ An increase in loading will result an increase in alr
and water temperature along with an increase in moisture content
of the lesaving air, This will cause o change in the air themmal
conductivity and viscoéity and will tend to increase the heat
tmnsfex: coefficient from water surface to air, This will reduce
the bypass factor, At incressed water temperatures . viscosity and
surface tension of water is lowered resulting in the fermﬁﬁon of}
more mmber of droplets thus giving rise %o additional wetted
surface, This further reduces the bypass factors These factors
are small but they combine in the same direction. U is only
slightly affected by the increase in loading . This is evident.
from Fig,(3.4).

3¢4e5. Yardation of Water Temperature within the Tube Bundle.

The water surface temperature rises as it enters the tube
bundle to a meximum near the centre anl then decreases towgnds o

the bottam of the bundle, Yince cooling of the water takes place
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as 1t falls from the tube bundle and additional cooling occurs

in the sprays ebove the tube bundle. Further more a considerable
smount of wetted surface exists in the eliminator at the discharge{
of the condenser which will also cool the spray waters In the
Figure (8.6), the solid line ¢, 18 the theoretical wetted dur-
face temperature defined by the equation

hy = h‘, - of &1 - 2)
lts position is such that
é ; A+ B + D + P
\hoe they efor the reapective aress in the Fig. (4.6)
4t follows théréforé;that
o 7 B+ D

_ And tho dotted line representing iy defined in
equation - S |
T o= g/ ag( tp -ty must 1ie obove the
solid line with the result that U and Fr should be some what
larger then indicated by the equation mentdeoned abovei Water
temperatures wers meama red during several test rums by inserting
the thermgmeter to the various depths in the tube bundle. A
small perforated cup was provided to catch a part of the water
floy without contacting the tube surfaces. At a heat input of
' 2,56,000 Btu/hr Wile noted a rise of 10 OF in the centre of
the bundle with the inlet and outlet water temperatures, This
shows that the wetted surface temperaturs should de higher than
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the temperature of the recirculated water., This difference 18
of the order of 2 of‘ for maximm loading.

3e4s6. Effect of Varying Vater Flow Ratess

The effect of varylng water flow rate is showm in
graphe of Fig, (3,7) . Thg dotted portlon do not irdicate actual
readings but ars sEOW1ﬁg the teu&eﬁcy when the dry performance
is approached, By incre:wiﬂg the water flow rate, bypass factor
yA ia decreased and the coefficient U is increased., Both combine |

tolimprove the pesrformance of the condenser,

 This io explained by the incressed turbulence and |
the grester wotted surface created, thus reducing the Pyposs
factor %, Since £, is practically conetant U depends on
fy with the increased water rates, turbulence in the water film
increases f, and with it the coefficient U,

3.4,7¢ Effect of Refrigerant Superheat on Hg&t Transfer and ﬁaal%
f%rmation. '

It is generally believed that superheat of refrigerant
in the condenser causes rapid accumulation of scples This is sald
%o be due ® the higher tem@eraﬁuézfggbthe coil wall, However,
according to Wile superheat has no 8ffect on scale formation, He
carried out several tests & found that the spperheat of the

refrigerant had mo affect on scale formation.

.
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CHAPTER _Iv
IHE DESIGN OF EVAPORATIVE CONDENSER.

The hical method for detemmining the spra
wvater tempgﬁg re ls found very useful iﬂgtha degig%
ﬁorkq c . .

The minimum values of epray water temperature,
surface area aml the ,ir quantity that can theoretically
be used in an evaporative condenser are plso discussed,
Selection of air quantity and coil ares arve dealt,

¥inally, there is an illustbative design of
the evaporative condenser,

N e srem
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Vet bulb temperature of the entering air,

" Scale of ordinate, in per Btu,

'8Y MBOLS

Outside surface area of the coil in 8qe £t
Inside surface area of the coil in sq.ft;

Coefficient of heat transfer of the rgfrigerant Pilm
Btu/ deg, ¥/ hr/ sq.ft, of internal surface,

Thickness of pipe in inch,

Coefficient of heat transfer through the metal wall of
the pipe Btu/ deg.®/ hr/sq.ft/ inch of thicknessg,

Coefficient of heat transfer of the yater film from the
® tal wall to the wetted surface Bmyhr/aegg F/eqeft,

Ratio of the outside to inside surface of the coil,

Total heat surrendered by the condensing refrigerant that
1s 4 the total heal capacity of the condenser in Btu/hr .

Coefficient of heat transfer between gir and water (Air
Tilm coefficlent) w Btu/br/sq,ft,/deg, F,

A quantlty that depends on M, defined by equation 4.1.
A quantity depended by equation 4.1, .
Weight of alr circulated through the condenser lbs/hr,
A quantity defined by equation 4,8

Temperature of spray water in deg. P,

Temperature of the condensing refrigerant in deg,f

Temperature of inside Surface of metal tube deg, F.

Tgmperature of ocutside surface of metal tube gf 'deg. P,
Scale of abeissa, inch per deg, F.

Specific heat of Air Btu/lb,

Overall coefficient of heat transfer from refrigerant vapou
Yo wetted surface Btu/hr/sq,ft./deg,F.
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h‘l. ’ hg

Enthalpy of air entering condenser and leaving condenser
Btu/1b, respectively, _
sakunakeal

Enthalpy of air,at o wet=budb temperature equal to the
temporature of the spray water Btu/lb,

A quantity defined by equation 4.15.

Diameter of the coil.( ocutside) in inch,
ead i dedr g e

e B




CHAPTER IV

THE DESIGN OF EVAPORATIVE CONDENSERS,

4e 1o The heat capacity of a comlenser is the amount of
heat that can be transferred from the refrigerant to the air,
This must always be greater than the tomage rating of the
compressor to which it is o be connected, This is becausse
the total heat rejection by the condenser includes both the
heat of compression and the net refrigeration effect. Although
a compressor can remove 12000 Btu/hx/ton it rejects to the

conienser this amount plus the heat of compression,

In order to obtain the total heat rej@ction to the
cqndenser; the heat of compression and the refrigerating
effect should first be computed.

A" freon " compressor operating between a condensing
temperature of 102 °P,  and suction temperature of 40 °F
will reject theoretically, slightly more than 228 Btu/min,

Yo the condenser per ton of refrigeration capacity or
13680 Btu/hy

This will be best understood by representing the
process on the P - H charty Showw we ‘C‘? 4

The refrigerating effect = 83 - 31 = 52 Btuw/ 1b.
Heat rejected to conden-seyr = 90 - 31 = 59 Btu/1lb,
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Therefore, 89 x 200
X

- 52
= 228 Btu/min,

Heat rejected / Ton =

Based on the above caleculations a munber of curves
can be plotted on a graph between condenser heat rejsction
factor as the ordinate and saturated discharge temperature
as absigsa for the different constant saturated suction

temperatures,

The heat rajactién faetor'is defined as the ratio
of the'con&enser,heat rejection divided by the refrigeration
effect, The ¥1g42 showps the curves obtained for open
compressors using frooni2 as refrigerant,

Condenser heat rejection
Condenser heat rejection factor =

Refrigerating effect,

These curves are very useful in the design and save
2 good mmount of time involved in cemputing the total heat

rejection to the condenser,

4,2, CQIFUTATION OF TOTAL H3AT TRANSFERRED:

There is no need for seperately evaluating the
transfer of sensible heat and the moisture between air and
wvater, The total heat dbransferred é; alr in evaporative
| cohdenser can be easily computed by the following equation,
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q - G ( % - h1 ) Z 2 0!-.00(4:1’)
-5 fe
Where Zr=(1-e¢ ) and M ::::-‘-m""‘i‘
CP G

This is the same equatlon as that equation 2.4y

After calculét:ing M for a glven set of conditions,
the factor Z, can be found , $he total quantity of heat
transferred from the water wetted surface of the coil to alr
cann be computed by moans of equation 4.,1. Before aguation 4.1
could be used, the apray water temperature must be knoyn in
order to find h, , |

Generally the condensing temperature and the initial
wet bulb temperature is knoyn gnd the spray water temperature
is to be computed,

443, DETERMINATION OF SPRAY WATER TEMPERATURE,

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

of the condensing refrigerant and the temperature of the spray

water,

| The heat transferred from the conlensing refrigerant




to the metal wall 1s given by @

4, |
Aﬂd qQ = fw ( t—SO - tw ) Ae does (40 3)

In aa much as the metal wall of the tube 1z thin and
its conductivity high, the resistance of the metal wall to
the floy of heat is negligibvle.  Hence, there will not be
any appreciable error in considering the temperature at the
outside and insid e surfaces of the tube being equal

lees %y = o

Eliminating t;  and ty; in the equation (4,2/ and (4.3)

q qB
—t by = v + tp
Aty Aoty |
Therefore
q 1 B
"""""""(---—- + ) = ( tr - t’W ) TrX) (4’04’)
Ro fy fr |
et —— - L. cees(4,5)
U fw ,fr LEN N »

Substituting (4.5) into eguation (4.4)

q = UAO ( tr" tw ) | 0‘01(406)
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Dividing equation (4.1) by equation(4,6)

¢ ( h, - hy ) '
1 = ‘ ‘ zz 0000(407)
Iie't ﬂ = mg"—" ' 00;0»(408)
ra
| tr - Y o
Themere, N = : e (4:9)
b, -1 |

" For cdnstant ‘value of N, this represgents the equation |
of a 8traight line on g chart whose abcissa is yater temperature
and vhose ordinate is the enthalpy of air, Figurs (4.3) i-s
prepared in this way. The enthalpy values are not shown in
Figure (4;3') instead, values of wot bulb temperature cofmsmndin%
to enthalpy of saturated air were used for simplicity in
solving problems, A set of vaglues for gir dry bulb temperatures
are selected and corresponding values of enthalpes of saturated
air are determined from the plyerometric chart and are tabulated
a8 in the Table 4.1, “he curve in the grah was obtained by
Plotting values of Enthalpy of vsaimra‘bed air agginst dry bulb
temperature, | -
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TABLE (4.1)

D.B. Enthalpy D.B. . Enthalpy of
Temperature of stﬁgggte& Tenperature saturated alr
55 23,2 90 55.2
60 26,45 95 63,2
65 045 00 7.4
70 3441 105 81,2
¥ %8, 6 110 92,2
80 43465 115 105,0
85 49.4 120 119,7

125 126.0

Refering to the skelston Chart in Flg., 4.4.

CB
. AB |
Length of the line CB is given by the relatlon

= 'tang ..l.t(4010)

CB = SA ( tr - tw ) '...‘{4,_.’1)

Similarly length of the line 4B is
AB = SO ( hﬂ' b h1 ) 100(410 12)

Dividing equation (4,11 by (4,12)

CB ,,SAr(tr"tw)
AB S (h, =hy)

eene(4.13)
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S - By
24 $on € 2 m ) _ vnaq(4¢ 14’)
Ba By - Dy

, . 8,
Chaxrt in Fig. 4.3. vos drovn so that g};—- = 4

. by - ,~

toan == X t{: e . o.-u(‘kiS)
By = By

quating  equakions (a:14) omd @-15)

I = Tﬂn 9 . ‘. ﬁt%a(4c16)

Tho chart in fisures is prepared on the besis of the
method supggosted by &om‘!zmn( B)

Tho chart shoyn in Fig, (4.3) 1o vory ugeful in
denign and roducos lot of labour, othorvice, would hevé lovolved,
in calculations fer dotomining sproyizng vater temperature dy
solving tho oquetion (4.9) by tiral and exror mothod, Uith
the holp of this chart the epray wator tomperaturo for any given
opaerating corditions may bo yoodily obtained., This chart is
naoful for any rofrigerant. The methnd of uoing this chart s
illustrated by the Fige 4.4, After ioﬁp&ginﬁg for any particuldr
condenser, the corresponding angle © , « %he podnt A in the
Figurs 18 located by tha intorsoction of the vorticnl line
ropreseniling the teapernture of the condencing rofrigorant ‘mﬂ
tho horizontol line roprosenting tha initial wt tuld temporaturd
of ths alr, Through 4, drov o atmight lﬁ.na gt an anglo O
with the vortical line, This line intersects ths curve at B,
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at which point the temperature of spray water is read,

4,6, SELECTION OF AIR QUANPITY GRD COIL ARBA.

When a condenser 1s designed for a given load, con-
densing refrigerant temperature and initial wét bulb temperaturq
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
alr quantlity below a certain limit will result in a tremendfous
increase in the surface area and any advaptage,pf‘tié.decreaSe
in the alr quantity is offset by the greatly increased surface
area of the coil, Similarly a reduction in the surface area
below a certain limit results in an incresse in the air quantity
that is out of 2ll proportions to the decrsase in the surface
area, Agaln any sdvantage obtained by’the!decxeaﬁe 1n_the
surface area is totally cffaet byvthe greatly increased ailr
quanbity, | "

447, THE MINIMUM SURPACE TEMPERATURE AND THE THEORETICAL
MAXITIUN ELC'A' 'FA'JC}&I"_TH GFLG"O’N“D"E‘FS!!@SQ"w-! = ’

1t shall be noted that the spray water temperature

gradually decreases as the air quantity is increased, This
has been shown in the graph of the Fig, 4.5, where the spray
vater temperature is plotted against the air quantity per ton,

AV lov air quantities the fall in the spray water
temperaturs is rapid while at large air quantities the drop
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in the spray water temperature is negligible. The maximum
wasavwwe: Cabaclly go & Condinir ‘o clokrotned Ak UL oAl mme

possible spray vater temperature, ¥he minimum spray vater

temperature yill be obtalned at the theoretically infinite

alr quantity,

Although the capacity of a condenser with infinite
quantity of air has no practical significance but it is of
value in indicating the limitation in qm for an increase
in air volumse, | | |

In order to find the maximum possible capacity of a
condenser as the alr quantity is made infinitely large, the
lowest possible gpray vater temperature must first be detemined

G 29

’ K = \ . | .0_‘(4t8>
AU :

Where Zgz‘t*e“m and M = £—ft

f c M CPG. .

i The agbove equation cannot be uéect to find the 'a'nglé
©  yhen é = ®  , because at ?bh_is comd ition it

becomes indeteminate,

suhﬁtitutmg the value ef ZLand M :Ln the equation
(4.8) it reduces tos
G'(i-—.e)cA/ﬁG _ o .
¥ o= - | ves {4.17)
A




N = " 0...(4.18)
/e

The limiting value of N , yhen G =& mnmay be
found by differentiating the mumerator and denominator sepe~
rately with respect to ¢,

Bt ) (oK
a ( 1/6)
UA,, 4 (1/6)

(

N = °p

L E R X ] (40 19)

‘The faétor 4{1/G) 1s eliminated by cancellation o8

it aprears in both mmerator ani demoninator,

WVhen €@ = infinity and H—= N = N, , the

above equation reduces to ,

Put OP = 424 for alr,

£,

Nl = . 'o(4020)

0.24 U

The above equation can be successfully used for
calculating the minimum posaible spray water temperature. After
computing the minimum spray vater temperature the meximum

capacity of the condenser per sq.ft. of the surface may b8
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determined by using the equation (4.6)

— = Uty -%,)

Conversely, the mi&mimum posslble surface per ton which
can theoretically be used can easlly be computed, The actual
amount of the surface that should be used,is of course,
greater, but knovledie of theoretical minimum surface is of

value and interest,

It is evident fwom—ITigy—bpk that the minimum quantity
of the air is required when the surface area 1s infinite, When
surface arca is infinite M will be infinite. Corresponiingly
Z5 will be equal to 1 for 32, = 1 the value of N =0 , It is
clear from Fig, 4.3. that at this condition ¥, = %, . In
other words for thi condition, the temperature of the spray

wvater would be equal to the temperaturs of the condensing
refrigerant,

A Imoyledge of these theoreilcal minimum values of
¢fm and areg is of importance when designing s condenser for
a given set of conditions, The actual air quantity and area
wust be greater than these minimum vglues,

4.8, JLLUSTRATIVS DESIGN OF AN EVAPORATIVE CONDENSER:

Deslgn an evaporative comienser suiiable for a compre-

ssor having a rating of 75 Tons, The asaturated discharge temp,
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is 105%, the saturated suction temperature is 80°F , Refrige-
rant F-12 has to be used,

4,8,1, Solution:

Overall coefficient of heat transfer:

U, the overall heat transfer coefficient from rai’i‘igq-

rant to the water ‘film is given by the equation:

B t I 1
_%_. - b o .o (4,5)
Ir T Tu

¥or computing U, the coefficiemts £, , £, and £,

should e detemined first,

: Fp , +the réfrigerant £ilm coefficlent have been deter-
nined by Hixll(“) (12) « It varies between 180 to 300,
A value for £y = 300 Btu/hr/sq.ft/ deg. F. may be selected
as fiﬁd gut by James (12)

and James

experimentally for evaporative conbn-
gserd,

Condensing coil of 3/8" nominal size steel tubing may

(4)

be selected, as recommended by "Carrviers Internationals ', Zhe

coils are designed for 300 psi working pressure.

The conductivity for steel is approximately 360 Btu/hr/

2
8q.ft/ Deg, P/ inch. used by Thomson(z‘z) and Jameéj )

(15 ' | :
MecAdams gives an emperlcal equation for f£ilm conductance




(1

in ev&porative condensers,

£, = 408 {w')&

Where w' i1s the water rate in gallons per 8qeft. 0f the

Projected area,

A yater flow rate of 0.7 gallons 5(>er S8qe %, of projected area
recoumended by Marlo Coil Company ** in their bulletin, for

evaporative comflensers

£, = 408 (0.7)% = 364 Btu/hr/aé,ft/°p

A 3/8" naminel eize standard pipe will have a wall thickness
equal to 0,09 inch found out fwom Refrigerating data book,

The outside dismeter will be 0,675 inch and inside
diemeter 0,493 inch, |

B, the ratioc of the outside area to the insige

0,675

0,493

Substituting the values of the film coefficients in the
equation 4,5 we get,

0,091 1

4 137, .
U 300 360 364
= 00 0075 62
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The convective coefficlent of Ie at transfer fo has
been computed by McAﬁams('5) « 4 agveragze vglue of 12 Btu/hrx.
/8q.£%./ Deg.,F may be selected for the practical use.

Select a value of G/A = 65, recommended by "carr

jers Internaxion(4) "o
fc | A.n ' -
M o= - a5 used in squation (4.1)
0,24 G
12 =x1
= = OQ 77
0.24 x 65

%25 is given by the relation

o | | .
2, =1= @ a8 defined in equation (4.1)
1
= i - : = Ga538
e0.77

4.8.2, HBat Rejected to the Condenser:
Heat rejected to the condenser = Heat rejection factor x Refri-
gerating effect,

Using the chart in Fig, 4.2,, the heat rejection factor for
105 °F saturated dischaxge temperature and 40°F saturated

suction temperature is 1,14 , Therefore, total heat rejected

to the condemser = 1,14 x 75 = 85,5 Tons of refrigeration.
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4,8.3, Condensing Temperature:

Meume a loos equivalemt of 2°F in line between
compressor and evaporative condenser, The condensing tempera-
ture yill be |

105 °P - 2 °F = 103 °F,

' 4,8,4  Spray Vater Temperature :

Knowing the values of G/p, 2 and U, the factor N can
be computed by the relation.

- é z '
ﬁ = . % z | [ % 3 00“(4‘.8)

e
65 x 0,538
= ' = 0,26
> 263
since H = tan 9 | ces oy (4‘U 16)

& = 14° 25¢

Once the value of € is known, the Fig, 4,3, can be used

to find out the spray water temperature. Locate the point of
intersection of the initial wet bulb temperature 80°F and -
the condensing vefrigerant temperature 103 ©¥, Draw a stralght
etraight line at an angle © with the vertical to cut the curv
' fhe»apray wvater temperature is read 5t thg,poiht of intersection
of this stralght line with thefurve,
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_ . The spray water temperature determined for this case
is 970:%0
498050 COil:

(a) Total Surface Area.

| After computing the spray water temperature the
oquation (4, 6)may be used to determine the total surface area of
the coils required,
q. é U‘% ( tr"’ tw) ) .00(406)
substituting the values for U, t, and 4y

12000 x 85,5 = 133 A, 103 - 97)

A algo_oo x_85.5
133 x 6

Total surface area = 1285 gq, ft.

(b) ZLength of the coil:s

#DP 1L = surface area,
1 1285 =x 12
T x 0,675
= 7260 ft,

G TR
' GIWRAL UBRARY UNIVERSITY OF ROGRKE
Length of the coll = 7360 ft, %OORKEE
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{¢) Total coil face area considering thé coils to be 8 row

deepe Assuming a gap of 1/8 inch between the colls,

;Fgce Area X no. of rous
{Outside aia, + 1/8")
7260 x {0,675 + 0,125)

= Length of piping.

Face area =

8 x 12
= 60 sqefte
(d) Casing dimensions.
Assume width = 10 f%t,
Hotgnt = o 02 o

width 10

Height = 6 ft,

(e) The gap is 1/8 inch betwsen the coils,

 %otal no. of parsllel circuits

Helght
(B + 1/8")
6 x 12

(0.675 + 0,125)

=%
fotal no, of rarallel cireiits = 90
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4,8,6., Pan:
| Low speed, centrifugal type famns are recommended .
Fan asSembly should be light weight and s#atically and
dynamically balanced for suitable perfommance,
(a) _alr Quantity :
"G/A = 65 as assumed,

G = 65 =x 1285 = 83,500 1lbs/hr,

Taking the density of air = 0,075 1bs/cu. £t.

o ‘ 83500
Alr quantity required in cu.ft.per min, =

0,075 =x 60

= 20900

Mr quantity required = 20900 cfm,

(b) H,P, Fan Motor:

Assume pressure drop through 8 roy coil = 1 inch of

water,

and pressure drop in distributing pans = 0.3 inch of watexr.

The total prescure drop taking into account the losses in the
eliminatfors and other unaccounted losses = 1,7 inches of water
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0.000157 x cfm x Head in inches of water

H. P, fan motor =
' efficiency of motor,

Aésuming the efficiency of fan motor 0,8

0,000157 % 20900 x 1,70
H.Po requir@d = y — .

0.8
= 7 HCPO

Select g motor of 10 H.P, for the fan.

4.8.7. Water Circulating Runp:

Vertical shaft vater circulating pump centrifugal type,
requiring no suctlon piping are recommended,

() Mater guantity cireulsted:

Total water recirculated in Gem = 0,7 x projected area
0.7 x 7260 x 0,675
| , 12,
Total water floy in gallons per min, = 286,

el

{(b) H,P, of Pamp Motors

Asume g static head of 5 feat amd g head of 2' for
other unaccounted loSses such a8 in pipe friction neszies,

Total head against which runp has to work

= {7 fect of water,
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H.P, of the £an motor for the pump will be given by the

relation

H.P = vH

33000 x efficiemy of the motor
Motwnn, Aetitiny § e A SR

286 x 10 x 17
Therefore, H.,? of pump motor =
33000 x 0,95
= 1.6 K.P.

Select a motor 8f 2 B.P, for the ﬁater pump,

4% Make up water required.

a‘rotal heat rejected to condenser

Vater Lvaporated in lbs,
‘ Latent heat of moisture.

— 85,5 x 12000
1000

10%0 1bs,/hr,

il

Water evaporated 1,72 gallons per mimute, Keeping in allo-
wance for bleed off, the make up water requi;'e& will be
2%gallons/ min approximately,

A DU N gy VAN R W




89

CHAPTER V

FOULING IN EVAPORATIVE CONDENSER

AND ITS CCHTROL

Scale, Corrosion and Algae are the
principal problems which may developg
from water use in an evaporative con~ ,
denser. The warious design elements which
affect fouling in the condenser are given.
Bleed off, effective water treatment and
' Chemical cleaning of the condensexs have -
been discussed extensively,

——— -
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CHAPTER ¢

FOULING IN EVAPORATIVE CONDENSER AND ITS CONTROL .

. Unfortunately water we obtain for the use is generally
a very complex chemical liquid, Becmuse water is an excellent
solvenf, we find all kinds of mineral amd gases dissolved in i,
which comlicates its use in heat exchanger equipment, These
impurities in water are 8olely responsible for the fbuling in

candensers us1ng water as p cooling media,

A good design of an evaporative condemser can reduce
as mach as 50% of the normal foulﬂing. 4l though no condenser
willnremain clean, without periodic servicing, a good design,
effective water treatment, and timely servicing can keep it

efficiently clean,

In a well designed condenser with adequate water velo
city and flow rate the tendency to fould is much reduced, hence

the cost of water treatment is kept down much,

Fouling'iS'ccnai&erad to be the deposition of foreign
material on the condenser hent transfer surface which reduceghthe

~ heat tronsfer efficiency and also gives rise %o friction to

water flow.

Keeping in view of this fouling effect on the heat

transfer surface, mamufacturers &enerally keep an allowance in
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the condenser capacity by providing of additional heat tiansfer
surface which is termed as " fouling factor'.

By perfect water treatment snd cleaning the fouling
factor can be reduced to a minimum, A condenser having no
additlonal heat transfer surface allowance and has tendency %o

foul, will require careful water treatment,

5.1, _TYPES OF FOULING:

ScalXing, corresion and organic or bio-fouldng all come
under the heading of fouling,

5¢1ete  Scaling is a deposition of inorganic salts on the heat
transfer surfaces procipitated from water, most commonly calcium
carbonate, In caSe of evaporative condenser, scaling is very
Prominent since water evaporates leaving a thin f£ilm of solids
deposited on the.condensing surface, This film becomes thicke:
as the deposition is continued following the evaporation,

o+1s2.  Corrosion is a direct attack of water on metals of the
system, Rust is the example of this on the ferrous metals,

5¢1s3s  Ozgonic or bio-fouling is the deposition of arganic matters{
algae.or other micro organisms, - Blo-fouling has wsually the

tendency of 1ncreasing‘sca11ng and corrosion,

¥ouling is practically negligible in the condensors

using once-through or wagste water gystems, since the dissolved
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So0lids are garried over with the water iltself,

But in the case of those employing rescirculated water
gystems such g8 1in ¢gse of evaporative condensers fouling is a
resl problem, This is evident from the fact that the concentration
of the dissolved solids goes on increasing becjuse of the conti-
nuous evaporation of the pure water, It should be noted thaifthe
evaporation 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,

5e24 DESIGN AFFECTS FOULING s

Following sre some of the elements of design which have

a direct effect on scaling or fouling wondensers =

a, The rate of water circulation should be high as
compared to the rate of evaporation, this will have a cleaning
or vgshing effect on the condenser coils, If the raté of water
circulation is low, the equilibrium temperanture established
will be high., Scaling is directly proportional to the equili-
brium temperature. This shows that the scaling tendency will
‘be reduced by keeping o high rate of circulation,

b, Even distribution of water over the entire condensing |
aurface will provide a uniform washing action , In some condenserd
where the water is not evenly distributed, some of the coils
get ample water yhile the other starve for it or remain mainly

dry, Without exception these have a high fouling factor,
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¢, Condenser tube bundle will influence both water
and air circulatlon and distribution, Mostly the evaporative
condensers gpre designed with counterflow of air and water,
The spacing of the tubes should be such that the air and
water floy can take place effectively,

In some cases fimed coilé_in evpporative condenser
1s used to lncrease the heat transfer arsa, The balance of
fhe‘heat transfer rates on both sides of the condenser tube
should be maintained, That is the rate of the heat transfei
from the gas to=€;¢tube and from the tube tq'the water, If
the fin spacing ls too narrow or the tubes are packed
closely then air and water flow camnot be efficient,

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

and tube spacing, according to the results of tests and
experience, Ralph M, Westcolt has arrigved to an arbitraily
emperical formula for finned surfaces; “YFin spacing should
be at least equal te the height of the fins and the Spacing
betyeen the fimed coils should be at least equal to the height
of the fins? - '

de It is a belief of most of the inveatigators that .
sealing rate is increased with the superheat of the
refrigorant,

¢3)

D.D.Wile carried out certain experiments and noted

that the superheat has no effect on the rate of scaling,
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l.es scaling is indepemdent of superheat,

Anywady, the control on this effact of superheat if
it is , is achieved by providing a dry tube for desuperheating,
before the refrigerant enters wet coils below the Bprays,
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 eliminators. Becjuse the water
m&% whth the air will evaporate Immediately leaving
sollds bgked on the superheat coil, F‘urthemora, the cleaning
of these coils ls difficult and no water treatment will prevent

scaling as gll the moisture ds evyporated to dryness,

e, If the water sprays gre too high above the coils,
there will be a greater tendency for the water to be carried

upto the eliminators and to canse corrosion there in the fan

section,

£y 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 disedv.ntage of the increased tendency of

corrosion due to vglves and connections always under water,

g Cormosion nomally occurs in water pan, casing,
eliminators, fan section, duct work and coil section,
Diseimilsr metals may contribute to electrolytic corxrosion
in water #ircul&tion system, Suchion s-cx;ean of the pump




81

intake of brass connected to steel water 1lines or to the
steell Pan of the condenser, Froper :i.nsula@ion'betmen

| dissinilar metals will reduce this gort of corrosion,

Elinination of corrosion in fan section is obtained dby

efficient eliminators,

h, I}as’cly, accessibllity of elements of design is
necessary to keep evaporative condenser clean, The evapora=
tive condenser should be clegned pericdically, so all the
essential parts like to become fouled Should be accessgible ,
in sc’:me_ ceges 1t 1s necessary to cycle either the air or water
circulation during the change of load, Whenever this pra-
ctice is necessary the fans or the alr circulation should
be cycled rather than th8 circulation of water, Qtheryise
due to repeated wetting and drying of the condemser, the
minerals wlll be deposited on the dry cycle, vhich will not
be completely washed out during wetting cycle.

Se 3s WATER QUALITIES:

The water analysis is bapsed on the ions and not
on the combined naturel salt form, Thus caleium and
Su}b‘hate aré determined as individual congtituents and it
would be very rare that the quantities of each would be
Present'in exact amount that will require each fully to
form calcium sulphate, %The ioms responsible for fouling
are such as of Magnesjum, Sodium, Potassium, Aluminium,
Iron, "ulphates and J";}alcn‘:'uiea, ete, Since water contains
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aifferent quantity of many dmpurities, no thumb mle éan
be formeq regazﬁing ité fouling action, Hewever, the
untrsated water which contains 100 P of sogp hardness
or gbout 6 gr, per géllon will cause scaling in condenser
if bleed is not pmvideda

Se4e CONDENSER BLEEDI NG:

Bleeding is the first step in prevention of fouling
of condensers, This 1s the method of draining out a vortion
of water;, and thus effectively reducing the concentration
of dissolved solids, The amount of bleed depends upon the =
evaporation rate and the quality of water used, However,
this ranges from hplf the quantity to three to four times
of the evaporated water in worse cases, ZThe quantity of bleed
incresses as the quality of water is poox;er;. By correct bleed-
ing and make up water supplied, 2 constant concentrastion of
sollds can be maintained in the sysgten,

Bleed should be taken from o point higher than
the water level as showm in Mgure (5.1), s0 that the yater
is being circulated even though the systen 1s not operating,

5450 WATER_TREATMEND:

“lthough scale formation can be reduced by bleeding
but it cannot be completely eliminated without water treatment,
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There arz two broad ¢lessifications of water treat-
ment viz, {a) Pretreatment or External Treatment and
(b) Internal treatment,

(2) Préyater treatment or External Treatment of the
moke up water is provided by methods of zeolite aafténing, |
filtering or chemical treatment, This is to remove scgle forme
ing salts fyrom the make up water, Zeolite softening removes
lons of Calcium and Magnisium, thus reducing scaling tendency,
Some Internal treaiment still remains necessary for the control
of corrosion and bio-fouling md the resideual hprdness which
could not be removed by the external treatment, Extmal |
treatment is c&stly and requires addi‘b.ianél Bpace and maline

tenance,

(b) Internal treatment of water is done by introducing
some chemical directly in the circulating water system, Thewe

can be tyo types of intemal water treatment,

Pirstly, the chemical s sdded So as to precipitate
the scale forming salts, which can be removed a8 sludge from
the basin or by bleeding.

Secondly, to feed a chemical at low concentrations
which will tie up or isolste the scgle forming sglts and
inhabit their deposition,
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The raw water or recirculated water can he tested
for chloride content and hardness, so as to get an idea of
the quantity of bleed, | |

}Ghloride ion is rela’tviﬁely golugble in water and
generally does not precipitate and may be used a8 an indicator
for hardness, Hardnese can be determmined by the soep solution,
Care should be taken during the soap test that the end point
of calcium should rot be mistaken as the final end point, thus
excluding the hardness of magnesium, In some cases marked
lather is sesn of Caleium but this is broken by adding more

soap solution,

The method already stated sbove of precipitation of
scale forming salts with the addition of chemicals is not so
favourabls, Because the sludge is formmed in the basin ¥ and
many tlies gives rise to difﬂculha of clogglng of the spray
nozzles, This requires therefore careful bdeeding, Also the
gludge is carried over the colls and eliminagbtors with alr
vhere it deposits, Periodlc mamual cleaning is essential when
using this method of treatment,

The second method is accepted widely in which scgle
forming constituents are isoloted with the help of chemicals
added, This method is economical also since a high concentrat-
ion of scale forming salts is kept without pemitting




deposition to fom scale,

But there is a limit to concerdirations that can be
kept 4in the solution due to the limit of their respective
solubilities, Thereafter bleeding is the only alternative,
There are so many chemicals which can be used for wat-er
treatment, The most extensively used is Glassy Phosphate or
Metephosphate, This is added o the make up water preferably
by a feeder and is dissolved slowly, Glassy FPhosph,te dissol-
ves at a falrly constent rate of zbout 25 percent per month,

A calculated amount of the chemical is fed for a fixzed quantipy
of mske up water, This is then again recharged after a month

with ohe quarter of dissolved, during the previous month,

The most importarnt ion in water is Hydrogen ion,
Upon the concentration of this Hydrogen ion, depends its acidic
or alkaline properties, The Hydrogen is s powerful catalyst,
and the vhole cause of reaction may be modified by Hydrogen
lon concentration in the medfum in vhich the reaction takes

place, The Hydrogen ion coneentration is expressed in a special
waYe

The pH of a solution »f is defined as the logarithim

to the base 10 of the reciprocal of Hydrogen ion concentration
in gram, mols/liter, |

PH = - log (H+) = log I~
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Formation of scale depends upon pH of the waber,
. Generally as the pH excéeds 8,3, scale occurs, Vith the
lower pH of water in the acidic medis the tendency will be

corrosive,

Scale or corndsion may very rarely ocour simultane-
ously. This is easily understood when it is recognised that
there exists an equilibrivm of concentration of impurities
in water, +that i3 a balance point, where corz_'osion occursg on

one s8lde of balance point and scple off the other side,
I v nmdiwk v q‘tg, 5.1

»  Professor Langlier of University of California
devadloped equations based on the probable actlon of waber,
This is known as Langlier's equatlon of saturation. The
index glves falrly accurate results of yhat to expect from

a given water,

The index is calculated by knowing the concentration
of Calcium, Alkalinity, total solids, pH and temperature
involved, A value known as pH of saturation on pHy then
corrosion is expected or if actual pH is greater than the

PHg, 8cale formation can be predicted .
i,e, PB - pHy = Index,

This 1s very r:2asonable Since scale generally occurs

at higher pH values and corrosion at the lower pH values,
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5.7.  CORROSION:

There are two forms af corrosion, electrolytic

ccrrosion and Oxygen corrosion,

Elsctrolytic corrosion is already been discussed
under the heading of "Design effects fouling"., Electric
currents are set up betwaen‘%%?diusimilam'metals in the water
system. This results corrosion, This is not so comon as it

is belisved to be,

Oxygen corrogion is much maxé common, Oxygen is the
principal cause of corrosion in vater, I% does not mean that
all water with dissolved oxygen ywill have g corrosive acﬁionu
But on the otherhand if a1l the oxygen is removed from the

water, the corrosion tendency is materially reduced or
eliminated .

Carbon Yioxide dissolved in water also contributes
to corrosion, The langlier's index again proved valid
because 1f the index 4s positive, the effect of Oxygen will
be minimised, The scale forming tendency of water forms a
coating on the metal éurface 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 corrosim generally means pH control,

'As shoyn 1n the diagram of pH scale, no corrosive action is

—————sxpocted 1L the-pH-velue—to—leopt—boteen—-b—to-9;



Fig. 5.2 4lgae growth on
evaporative condenser

coll.

Fig. 5.3, Heavy deposits
of scole on condenser colls

F:l.g. 5.4, Scple formation
on the condenser coils,
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The pH value ¢an be pdjusted by proper introduction of sultable
chemicals like aglkalies and scids, If the pH 1s low, alkalies
are added or if high, acid is introduced,

Thé chenical control of corrosion is done by the
chemicals like glassy phosphate, chromates or nitrites, In
case of glassy phosphate, the concentration required for

coxrrosion protection are falrly high,

Chromates are poisonous and should be handled care#
fully. The glassy ‘hosphate has the inherent advantage of

beoing non-poisionous and is thersfore widely used,

Hetaphosphate alone is capable of sc,le control as
well as corrosion control to scme extent, A portion of the
Metaphosphate is sbsorbed on the metal and thus provides o

protective coating but not a scale as it is only molecularly
thick,

50 84 ALGAE AND SLIME CONIROL:

Algae or blofouling is generally found in dark places.
Previously chlorine was extensively used for algpe control,
Later on Bromine is also successfully used for the prevention
of blofouling, Both chlorine anl Bromine have toxic effects
on algges gnd slime, yet their method of treatment differs

someyhat,
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Baxg or intemittent feed has proved very satisfacto-
rily for algae control., There is simple test to determine
the quantlty of free chlorine amd Bormine in water, When
elther of these algaecides is present, the addition of
orthodolene gives a yellow colour yhich increases in intensity
with the quantity of algaecides,

Other than Branine and Chlorine, Pentachlorphenate,
Coprer :ulphate, Pottasium Permagnate, and gome ammonium
caumpm;xis can be used for above purpose, Although their
quantities will differ with the gquality of the water and their
own strength, Yor instance, Bramine snd Phlorine give effect-
lve results gt 1 to 5 prm on an intermmittent feed basis, Sodium
Pentachlorophenate is generally used of the order of 60 %o
100 ppm-

It is obviousl +that the uncontrolled feed of any
of these algaecides will result worse problem then by the |
algaes itself, BSince Bramine anmi Chlorine are strong oxidising
agents will promote corrosion if used in excess, Copper sul-
phate is a good electrolyte and may produce another fomm of
electro-chemical corrosion, Pentachlorphenate has no such

disadvantage and éan be used freely but its cost cannot be
overlooked,

It 4s always better that the use of Chemicals for
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yater treatment should be under proper care and supervision,

5¢% CERIICAL CLEANING OF CONDENSERS:

The plants in vhich periodic cleaning and water tre-
atment 1s ignored, they soon become inoperative and cleaning
becomes essential. Fhotos 5.3, 5.4, and 5.4. shoy the

results of such cases,

HMarmal cleaning can also be done 1ln some cgses, but
where the plant cannot be stopped for fleaning, chemical
cleaning is the only alternative,

Gensrally muriatic or commerical hydraulic acid is used
to dbssolve scale or corrosion, The acid should be used with
some inhibition so that the metal is not attacked by the adid,
Formaldehyde 1s an excellent iInhibvitor but it has an 1rrité.ting
- odour and a tendency to vaporlze, About 2% by welght of the
acld is sufficlent, Care should be taken that the dissolved
scales amdl corroslon may not enter the pump which may cause
erosion in the coils by the high velocity sprays,

The inhibitor forms a coating on the surface of the
metal so that it is sgved from the attach of the acid, After
the chemical cleaning of the condenser, new fresh water should
be refilled and corrosion controlling chemicals are added to
retard corrosion of the prime metal, Serious loss may occur
if the acid is not properly inhibvited, too high concentrated

acld 1s used or is left for too long a period.
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There is an interesting example of trouble developing
from overdoing a treating job, A zeolite softener was installed
with an evaporative condenser where the vater was high in
- concentration of chlorides and sulphates, Vhen completely
softensd by removj,ng‘ calcium and Magnesium it beceme very
corrdsive.' The softener eliminated the scale but it almost
eliminated the svaporative condenser too,

Another 1s a classic exsmple of evaportive condemser
with a trouble of growth of algae, This was installed in
powder factory vhere the odour of the volatile oils was gquite

noticeable,

In few weeks the growth 6f algas was inbolerable,
Hanual cleening proved hopeless as the stuff could not be
vashed out, Numerous chemicals vere tried without much of
success, It‘was finally determined that the growth of algae
wags the result of oils in air combined with moisture. The
equipment was then sealed in 5 room and the fresh supply of

aia;{mas taken from outside ami this resulted the complete
control of algae,

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

storage spaces, where atmosphere contalns orzanisme for
slime growth,

Y
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In the vwords of Westcott " To make g piece of
equirnert sefve 0o many purposes, It might backfire",

WAL b ) s e st
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CHAPTER VI

COST ANALYSIS
45 COMPARED YITH OTHAR REFRIGERAN CONDZNSING METHODS

Too often it is seen, judgement has been
based either on initlsl cost glone or on operat-
ing cost plone without regard to oversll invest-
ment, Ultimate objective in the sconomic analysis

is to fi¢nd the total ann ual owning and operating
cost,

A comparative gtudy of evaporative condensers
cooling tower and condenser combination and "once
through" watsr cooled condensers shows that the
‘evaporative condenser enjoys the economical advantage
over the other two. There are cases yherse a parti-
cular condensing method 1ls to be adopted., The
factors governing the sel@ction of a specific
condensing method have also been included.

o -




CHAPTER VI

COST ANALYSIS

AS COMPARED YITH OTHER REFRIGERANT CONDENSING METHODS

6.1, The rapidly expending demand for air conditioning
puts a great strain on municipal supplies .s a source of
cooling water and wegulations have become necessary to

restrict iﬁa uge and disposal,

-~

For this reason several types of refrigersnt con-
densing methods agnd water saving devices were developed,
Apart from the traditional air cooled and "once through"
wvater cooled éondensers s in recent years cooling towers
and evaporative condensers have gained propularity and have
Breatly reduced the water requirements and also resulted

pPower saving to some extent,

Por reasons only of comparision am simplicity the
condensing refrigerant F-12 for air conditloning cycles
will be cpnsidered‘in tonnage rating of 10 to 100, 1In

thie category are three methods in common use

1. fvaporative condenser,

31, Cooling tower (induced draft) and condenser

combination,

1il, Wvater cooled condensers ('Once through'using
city yater,)
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Bach of the three methods have certain advantages
over the other two,and the selection requires good enginsering

and econimics analysis for applicabion and locality involved,

The natural draft cooling tower and condemser cambin-
ation proves to be very uneconocmical due to its greatly
increased size and does nmot permit ite use beyormd 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 CONSIDER ATIONS:

The factors governing the selection of particular

condensing method for a specific application are s,

a. Design considerations.

b, Vater availability,

‘¢, Econommica,

d. Bpace availability,

e.. Type of ai}plicaticn and slge of systen,

I(a) Desiign Considerations: The design factor such as dry
and wet bulb temperaturss of outs—idei air., vater supply
temperature, pressure and hardness will have a direct bear-
ing upon ths selection of a particular type of condenging
equipment, In a combination where the wet bulb temperature of dir

is lov and the temperature of frater available is high, the use
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of an evaporative condenser or a cooling toyer combination is
recommended , On the other hand a low avallable water tem-
perature combined with a high wet bulb temperature' of air

would indicate the use of "Once through™ water cooled condenser,

() Wagter Supply: Before making a choice between the con-
densing methods it is of wital importance t0 judge the ade-

quacy of water supply,

Many cities have acute water shortages and it is
very expensive affair %o think of a water cooled condeser
using city éater; In such cases evaporative coxﬂ,ez_xaer or
cooling tower end condenmser combination are the best alter-

natives and prove to be very economical,

In the localities where the water is avgpileble
in sbundancé from the surrounding lakes or rivers and the
fresh vater is available at moderate temperatures, the

tonce through' water cooled condensers should be preferred.

It may be noted here that +the make up water
requirements of an evaporative condenser are about 10%

of the water consumed by a city water cooled condenser.

(c) m«mz ‘In oi'der to study the economics of the various
condensing methods it is necessary to f:i.nd out the total owning
and operating cost which is composed of the installation

cost and the operating cost, A judgenment should not be based
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on eithér the installation cost alone or the operating codt
alone., The beat way would be to treat the large sized ai~-r
conditioning installation as long tem investments and consider
all the factors which may affect the result,

These factors may include the following:

i, 1Installed cost of Gquipment including amxiliaries
‘and piping,
ii, /inmal operating coss,

iii. Period of amortization and interest rate.

iv., Overhead edpenses (Taxes, insurance and ront)

1. Installed Cost of Bquipment: The initial cost consists ofs

(1) Cost of the condensing apparatus including condeanser
(water or evaporative), cooling tower, amxziliaries such a8
pumps , water treatment devices, refrigerant receivers, water
valves, motors, stores, This cost should also include freight
aml trucking charges from factory to job site.

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

(8) Cost of labour and supervision to install the equlp-
ment including rigging, handling, piping and controls,




ii. Anruel Operating Cogt:  The anmial cost for operation

includes

(1) Water coast based on total water requirements, taking
into account for evaporation, bleed off and windage losses,

(2) Power cost for operation of fan and pump motor
(Gonpressor not included).

(3) Maintenance cost including replacement and labour,

iil, Period of mmortizetion and Interest Rate: Especially

vhen selecting the evaporative condenser or a cooling tower
where initial investment ls relatively high, the amortization
period is of importance in detemining the amnual owning

and operating coste '

The useful life of this ﬁype of equipment may vary
from $0 4o 20 years, depend ing upon the type of application,
the hours of operation and the &egree of maintenance, An

average life of 15 years may be taken with good maintenance
' programme, '

A suitable interest rate of 4 to 6%1nay be taken,

iv. Overhead Expenses: Allawance should be made for the increase
in thé taxes , insurance and a proper share of it should be
added to the alr conditioning equipment,
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If the equipment is located in rentable space , an
addition should be made %0 allow for loss of the Space occupled,
In cése of evaporative condensers and cooling towers installed
this space can usually be neglected as it is unlikely to be
useful,

{c.1) Installed Cost:

Installed cost or the fimt cost is affected to
some extent by the loading and design factors A.such a8 the
wet bulb temperature of alr, entering vwater, and condensing
temperature, Vhen compared with the evﬁporative condenser,
the instélled cost of the "Once through" eity water condmnser
varies betueen 25 to 50%. depénding on the <factors mentionsd
above, The cooling tower combination for the capacities between
10 %o 100 tons will have installed cost , g little greater than
that for the evaporative condensers. This is illustrated
by the graphs showm in ig, 6.1 and 6:.2 , where total installo-
tion cost is plotted agalnst the refrigeration capacity in |
Tons for each type of condensing methods,

,( c.2,) Operating Cost:

Piguresé3 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 Flg. 6.3 that the overating
cost of "Once vthmugh " unter condenser 1s very much unfavourable
as compared to the evaporative condenser or a cooling tower.
Fig, 6.3 is drawm on the basis of relatively high water cost
and temperature and Pig, 6.4 is based on relptively low water
cost and tamperaturé. It wlll be noticed from Fig. 6.4 that
the operating cost of the conden ser using city water has

materially reduced as the available water temperature is lowered,

The advantage that the avaporative condenser has over
the cooling tower and cozﬂanser combination is due to the
additlonal power required te c;.rculate the water betyeen tower

and condenser,

In addition to the water and power costs, the maintenance
cost should also be included in the estimate for eperating cost,
Maintenance edst will include the cost for chemicals used for
vater treatment, pain“bihg, lubrication, cleaning, labour and

parte replacement, I% is evident that i:hé naintenance cost of |

cooling tower and evaporative condenser will be more as compared

with "Once through" condenser using city water,

(c.3.)  Zotal Anmal Owning and Opersting Cost :

The annual cost t0 own the eguipment is determined
by dividing the total installed cost by the amortization period
(15 years say) and adding to the anmal interest rate of(5% say)

T-he operating cost is detemmined as previously discribed,
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Flgures 6,5 and 6,6 shoy the resultsof two sets of
datag used forveomparisien‘purposes. Pig, 6.5, is for the '
localities where the water cost and tle available water tempera-
ture are both high, While Fig, 6,6, is for comparatively

lower water cost and low water temperature,

1t 1s apparant from Pig. 6,5 that the evaporative
condenser$ is an econamic necessity in localities where city
water cost and temperature are relatively high, regardless
of the availé.bility.

In the other case where wyater cost and tempersture
are both loy (Fig., 6,6) the water cooled condenser using city
wvater is recommended, Pigures 6.1 to 6.6 are based on the

*

datas collected by Groseclose G.E.(7)

However, it may be emphasized here that such instances

occur only 1n urban eitles or underdeveloped localities,and are
relatively fey,

(a) Space Availsbility:

The evaporative condemser claims the sivantage that
1t can be located outdoors or on the roofs of the buildingg,
consequently saving the valuable indoor space, In addition
to this evaporative condenser handling outdoor air producéa
an additional saving by operating without water as an alr

cooled condenser during comparatively cold weather, The modern
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arrangement of evaDPorative condenser is compact,requiring
1ittle space,

4

(e) Type of fpplication and Size of System:

The application may iﬁfluenca thé type of condensing

equimuent selected, For ezample in a big restaurs‘mt' vhere

" the mmber of operating hours per day is usually very high,

the ¢ity water condenser would be dWnfavourable, ﬁonverse]y »

in a Cmrch where the operating hours per week are small the

low w;.'cer requirements would favour the city water com;enser
vith its low first cost. 4Another example in which an 4ndustrial
Process application requires high humidity mcke up alr, the

evaporative con&anaar could be most effectively utilized,

The size of a proposed air conditioning system may be
a factor in the selection of a condensing method, In the case
of an evaporativé conaenser where first cost is domiﬁating,
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 tons) evaporative condenser. Contrast tothis
»with city water condenser, where operative cost iz the rrimary
factor, the vwaber consumption is dirgctly proportional to +the
tonnage, and the cost per ton remains more nearly constant., For

this reason the evaporative condensers are most sui‘b.a’nle for

large capacity systens,




113

6.3 .  SUMMARY:

It is evident that, with the boom in air conditioning
already well started and relisbly predicted to reach major

proportionsthis Industry must solve water conservation problem

otherwise, the normal growth of alr conditioning conld very

easily be stunted. We cannot expect city water supply systems

to be expanded at the ralte which wauld be required if unbridled |
used of water cooled condensers is alloweds It is difficult, if

first place, to find the new sources of water in swme localitiles
and it is certainly impracticable to expect ¢ity and State
Goverments to move fast enough to expand facilities as an
accannodation to ane industry, 'Wéter Saving devices and
schemes must be developed and promoted by air conditioning
industry so that they are inexpansive and capable of reducing

quantity of water cooled condenser requirement,

- oy,

= 3
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