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ABSTRACT
In this study, the performance of an air-cooled heat exchanger was evaluated based on entropy generation under variations in
operating conditions. The entropy generation was taken into account the irreversibility associated with heat transfer only. The
predictions were validated and showed good agreement with analytical results and experimental measurements. The results
reveal that the difference temperature between the inlet hot water and the ambient air or the initial temperature difference (ITD)

can be used as the parameter to determine the effect of operating conditions. The heat transfer and entropy generation number
L
increase with increasing ITD. The entropy generation number slightly increases with mass flow ratio of water to air ( G ) and
the effecte is less as the ITD is reduced. The moderate ITD is required for the operation of the air-cooled heat exchanger. Its
limiting temperature (ITD,;, ) is obtained when the outlet air temperature is minimize. Working below this value results in

over-sensitivity to small change.

KEYWORDS: air-cooled heat exchanger; entropy generation; exergy analysis; thermal capacity; operating parameters; I7'D
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1.  Introduction

Cooling system performance is a function of a wide variety of factors including ambient weather conditions, cooling
system type and capacity, etc. Therefore, when working on an air-cooled heat exchanger, we can ask what operating conditions
are conductive to the highest heat transfer process. What we are looking for is more than just a high value of heat exchanger
effectiveness. In fact, Bejan [1] demonstrated that the effectiveness (&) is not a relevant measure of the thermodynamic
performance of a heat exchanger. According to thermodynamics laws, an equal amount of heat is transfers from a high-
temperature fluid (e.g. water) to a low-temperature fluid (e.g. air). However the output energy is always less available to do
useful work than the input due to the effect of irreversibility that can be referred as entropy generation. This means that
irreversibility is the reason why the available energy (or exergy) received by cold fluid is less than that supplied by hot fluid. The
three main causes of irreversibility are heat transfer between the flows, pressure losses due to friction, and dissipation of energy
to the environment [2]. Bejan [3] — [5] applied the entropy generation principle to the analysis and design of heat exchangers. He
showed that the design of heat exchangers should be based on the concept of entropy generation minimization. The dissipation of
energy to the environment or heat loss frequently represents a small fraction of the total heat transfer (= 10%) and is usually
neglected [2]. On the other hand, the contribution of fluid heat transfer and friction can be quantified by a single number which is
the irreversibility distribution ratio, ¢ [6]. It is defined as the ratio of fluid flow irreversibility (friction) to heat transfer
irreversibility. Bejan concluded that an optimum in entropy generation takes place for ¢,,, = 0.168. Narayan et al. [7] developed
a control volume procedure by which the entropy generation of combined heat and mass transfer devices (e.g. cooling towers) could
be applied. In their study, the fluid streams were incompressible and the pressure change was negligible between the inlet and outlet.

The thermal capacity of an air-cooled heat exchanger can be evaluated by Logarithmic Mean Temperature Difference
(LMTD) method or effectiveness-Number of Transfer Units (& — NTU ) method [8]. Reviews of the methods are presented by
many authors (e.g. Incropera [9], Thomas [10], and Bejan [11]). However, the methods are mathematically equivalent to each other [12]. Many authors
(e.g., Oilet et al. [13], Wang et al. [14], and Choi and Glicksman [15]) have successfully employed the effectiveness-NTU

method to predict the performance of air-cooled heat exchangers. This method was extended by Asvapoositkul and Kuansathan

. . . . . . .. . L L.
[8] to predict the behavior of an air-cooled heat exchanger in which the effectiveness (¢ ) varies in proportion to (5)" where rel is

mass flow ratio of water to air. This approach can be used as a design tool for predicting an air-cooled heat exchanger’s characteristics.
In this analysis, performance of air-cooled heat exchanger was evaluated to determine its operating conditions in steady
flows of a fix geometry with entropy generation solely due to heat transfer. The entropy generation is used as a quantitative
measure of irreversibility. The various operating parameters that account for irreversibility compete with one another. This
means that the system generates the least entropy while still performing its fundamental engineering function.
2.  Model descriptions
A heat exchanger is used to transfer heat from one fluid stream to another due to the temperature difference. Here, we
assume that there is no phase change in fluid streams and that the heat exchanger has no heat loss to the environment. The

conservation equations for the system can be written as follows.
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The mass balance for the system
Air: G; =G, =G

Water: L; =L, =L

The energy balance for the system
Q=L(h;; —hp.)=G(hg, —hg,;)

The exergy balance for the system

Q= L(V’L,i - ‘//L,e) = G(V/G,e - ‘//G,i) + Xdestroy

where 1, = specific exergy of water

wo = specific exergy of air

Uil 31 atufl 4 RanAv-Sudnau 2563
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(1)

2

3)

4)

Neglect changes in kinetic energy and potential energy, exergy values of the fluids may be defined in the following

equations.

The specific total flow exergy of humid air per kg dry air is [16]

Ve =(Cpa + a)CpU)TO(T—G—l LGy, @)RT, mte RGTol(+ )% 4 1n-2] (5)
’ ’ TO TO P, l+w (0]
_ TG,e TG,e TG,i
‘//G,e - l//G,i = p,G(TG,e - TG,i) - Cp,GTO (11’1 ) + Cp,U (a)eTG,e - wiTG,i) - Cp,UTO (a)e In —; In ) - (6)
Tg, Ty Ty

sl

P P P
Cp (@ — )Ty + RgTy In=2< + RyTy (o, In -2 — a7, In
’ 2 B, P,

() - w;
RGTO(ZU(? In—¢ - w; In—
w ()

Ly RyTy(a, In 2270 _ g, 1n
@, 1+

1+ZUO)+

@, 1+a;

The specific enthalpy of moist air, h, equals the sum of the specific enthalpy of dry air and the specific enthalpy of saturated

water vapor at the temperature of the mixture [17].

hG = hda + a)hg = Cp,GTG + a)Cp)UTG

(7

For air-cooled heat exchanger or dry-cooling tower, the moisture content of the air remains unchanged (@, = ®; = @ ).

Therefore, we can write the equation (6) in the form
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TG,e TG,e PG,e
¥G.e —Va,i =(hge—hgi)—CpcTo(n )= CpTowy In —RgTyIn )
Tg,i Tg,i Fg.i

5

To simplify the equation, we shall consider that no pressure change throughout the tower ( P; ; ~ P, = Py) and

(®)

Cp 09 << Cp g - The effects from the last two terms can be ignored. With these simplifications, the specific exergy of air can

be written as

TG,e
Tg,;

¥G.e VG, =(hge—hg;)-CpaToln

The specific total flow exergy of liquid water is [16]

wr =h (T, Pr) —ho(To,Po) = Tolsp, (Tr, Pr) — so(Ty, Po)l + [Pr, — Psgy (Tp)Ivp (T1,) — B, T In g

In the case where the fluid is incompressible and the pressure change is negligible between the inlet and outlet (

Pp;=Pp,~Py,vp; =vs, =0 ), the rate of exergy change is

Wii—Wie=(ri—hr)—To(Sr;—SLe)
Substitute Egs. (3), (9), (11) in Eq. (4) and rearrange, we get

Tg
Xdestroy = L[fTO (SL,i - SL,e)] + GCp,GTO In TG’ei
a

The rate of entropy generation during the process can be determined from its definition

L]
Xdestroy = TOSgen

Therefore,
° TG e
Sgen:L[_(SLi_SLe)]+GCpG1n = >0
) ) > TG’l

©)

(10)

(11)

(12)

(13)

(14)

The temperature of water in this application ranges from about 20 °C to about 60 °C. In this range, water can be treated as

an incompressible substance with a constant C,, 1, values of 4.186 kJ/kg-K with negligible error. The change in entropy for water

is determined to be

T,
Tl,e

$Li—SLe =Cprln

(15)
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Entropy generation rate is generally used in a dimensionless form. There are a number ways of non-dimensionalizing
entropy generation rate. The most frequently used entropy generation number is divided the entropy generation rate by the

capacity flow rate [18]. According to Narayan et. al. [7], the entropy generation number is

S5 C Ty . T,
sten =_£7 _ Lot In=Li f1n2Ge (16)
GCp,G G Cp,G Tl,e TG,i

The heat exchanger effectiveness has received considerable attention by several researchers [2, 9-11]. By definition

_Tge-Tgi LCpr TrLi-Tre LCpr R

- = = (17)
T, -Tg; GCpg Thi-Tg; GC,g ITD

&

The initial temperature difference ( 77D ) is the difference temperature between the inlet hot water and the ambient air. The
range (R) is the difference temperature between the inlet and the outlet of cooling water. The above equations are presented the

relationship of various parameters such as temperatures and the mass flow rate ratio within the system.

3.  Air-cooled heat exchanger simulation calculations
Prediction of air-cooled heat exchanger performance at various operating conditions is presented differently by various
authors. One such approach is the effectiveness-NTU method, which is accurate and simple to implement, and can be applied to

evaluate the thermal performance of an air-cooled heat exchanger. The heat exchanger effectiveness (& ) is a function of mass

flow ratio of water to air (é ) by the following relationship [8]:
L
=C(=)" 18
£=C(3) (18)

The values of C and n may be determined from an experiment. This is an air-cooled heat exchanger supply curve. The

tower effectiveness ( ¢ ) is also determined from the effectiveness-NTU method [8, 15]:

c
Case I: £ < p.G
p,L
C C
NTU = —Inf1+ & 220G 1 — o L SpL (19)
LC,, GCpq

.. G%cT6e-T6i _Tri-Tr. R 20)
LC,y Tr;-Tg; Tr;-Tg; ITD

C
Case II: £ > p.G

Cp,L
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C C
NTU =L 5Ly G206 1y 1)
G Cpra p,L

LCppTr;i-Tr. LCpr R

== == (22)
GCpg TL;-Tg; GC,gITD

This is an air-cooled heat exchanger demand curve. The intersection of the supply curve and the demand curve is its
operating point. The solution of simulation calculations using this method for evaluation of an air-cooled heat exchanger at
various conditions is given by Asvapoositkul and Kuansathan [8]. A previous study [8] has shown that the thermal performance
capacity of air-cooled heat exchanger is a strong function of mass flow rate ratio, and system inlet temperatures. Therefore, this

study looks at the same parameters but also closely considers the entropy generation under variations in operating parameters.

4. Performance Predictions

In this analysis, an air-cooled heat exchanger is designed to cool 136 Ipm from 50 °C to 48 °C (R= 2 °C) at a dry-bulb

temperature of 30 °C (A = 18 °C) with an effectiveness of 70.71% (é = 1.7 and T, = 44.13 °C). It transfers all heat by forced

convection. The following case study illustrates the use of energy and entropy generation analysis in the determination of the

heat exchanger’s operating characteristics.

The heat exchanger design conditions: é =17, Ty ;=50C, Tg;=30°C, R =2°C
. . . L
Case 1: Changes in the ambient dry-bulb temperature 7 ; with constant 77, ; and Yel

L

— =1.7or & = constant
G T
Tp,,=50%t3°C

Tg,; = vary from 20 — 50 °C

In this case the heat exchanger effectiveness ( &) or rel is constant at all operating conditions for the system being
. . . . L
evaluated. The value of R is determined from Eq. (17) with the given T7,;, T ;,and & or G The outlet temperatures (77 , ,

Tg ) under the condition of constant effectiveness & and é are then determined. From Eq. (17) as T ; decreases, both I7D

and R will increase. Therefore  will be increased in this case (e.g. @ < Roc ITD).
These and the following performance curves were taken from data calculated by the governing equations using the

individual design parameters. The heat load @ ges;q, at the design conditions is used as a basis. Figure 1 compares heat rejection

Q

design

capabilities (

) of the various ambient temperatures for fixed values of é , € ,and Tp, ;. The heat load is transferred by

convection which decreases linearly to zero as T ; = T7, ;. The heat exchanger could transfer heat at a rate € under one set of
ambient conditions. Its performance curve sensitive to ambient temperature. Thus the heat rejection rate of 77, ;= 50 °C at T ;

=33 °C, ITD = 17 °C, would be 0.85 of that at Tz ;= 30 °C, ITD = 20 °C, etc. At higher ambient temperatures the heat
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exchanger is unable to carry the entire heat load alone (e.g. Q < 1). It should be noted that the value of I7DD is constant

design
for = constant, regardless of 77, ;. For instance ITD would be 20 °C in all inlet water temperatures at Q__ 1.
Qdesign design
The results are shown in Figure 2, where Q@ data for an air-cooled heat exchanger has been plotted against 7D at various
design
operating conditions. This is exactly the same data as plotted in Figure 1. The relationship of the two parameters ( Q and
design

. L
ITD) reduces the amount of data scatter. Both are functions of ek Tri,» R, and Tg ;. The heat transfer rate under these

conditions is linearly dependent on I7D. Its capacity increases with ITD (see Figure 2). A low ITD means either T, ;is

decreased or T ; is increased. A high ITD means either 77 ; is increased or T ; is decreased. The effect of rel on the

relationship of the heat rejection capabilities ( ) and the ITD is also shown in Figure 2. In this case G = G gesign, + 0.58

design

kg/s, - 0.56 kg/s and L is constant ( L = 2.28 kg/s). The high air mass flow rate decreases é to 1.2 and the low air mass flow

increases with G . However it has less affected as the I'7TD is reduced. These

. L
rate increases 6 to 3. It can be seen that

design
relationships will later be discussed in detail.
Q
Qdesign
2.00 .
Experimental data

1.80 Case 1 =
1.60 NGS5 [ ] S1E1 COIX ition =

- : A NO.

LisL NO.
N 1

O No.2

& ﬁ\
)
"
1.20 \

il

0.40 \

0.20 S -
0.00 I~

20.00 25.00 30.00 35.00 40.00 45.00 50.00
T6i(°C)

Figure 1 The heat rejection capabilities ( ) of the various ambient temperatures for fixed values of el =1.70r ¢ =

design
71% and Ty ;=50 °C
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Q
Qd-zsign

2.00

1.80
160 o(,/‘ “m’. /
1.40 % o £ /

" e 5 ‘(‘/
120 <
l'
1.00 = —
' 1" ac - 2 -
2 e Experimental data
0.80 < e —

’ -‘\'_..' -
,” / iz ~°, e Casel
0.60 ‘ o

= - ® Design condition
0.40 ma AR
f' - - -
Y _l= ANO.1
0.20 W s
-l
P, o O No.2

0.00 ; 1

000 500 1000 1500 2000 2500 3000 3500  40.00
ITD(C)

Figure 2  The relationship of the heat rejection capabilities (

) and the ITD for fixed values of £ =170r €¢=71%
design G

and TL,i =50 OC
The air outlet temperature can be obtained from the definition of heat exchanger effectiveness. Then the values of non-
dimensional entropy generation or entropy generation number (sz,en) can be calculated. Figure 3 illustrates the effect that the
ITD has on entropy generation number. It can be observed that the entropy generation number increases with increasing 17D .

The minimum entropy generation is achieved at ITD =0 or Tg; =Ty, ; . It can also be seen that s;en slightly increases with

é and the effecte is less as the ITD is reduced.

Case 2: Changes in the ambient dry-bulb temperature T ; with constant 77, ; and R
L_ vary or & =val

G ry ry

Tp;=50%3°C

TG,i =vary from 20 — 50 °C

R =2.00r @ (heat load) = constant

In this case the heat exchanger is to handle the fixed heat load at all operating conditions. The given heat load is a function

. . . L . L .
of Cp,L , R and L. The heat exchanger effectiveness ( & ) is a function of Yel according to Eq. (18). The value of & or rel is

. . . L .
determined from Eq. (17) with the given T7,;, T ; , and R. Once the value of rel is known, the outlet temperatures (7'z, ., T o

) and required G can be determined. The heat load is held constant at @ g,s;s, and the required air mass flow rate (G ges;gy, ) at
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this design condition is used as a basis. In figure 4, the value of

for the heat exchanger has been plotted against 17D
design

at various ambient temperatures 7 ; and inlet water temperatures 77, ; . The relationship of the two parameters reduces data
into a single curve. This means that when the I7TD is reduced (i.e. due to the increase of ambient temperature), the required air
mass flow rate must be increased to maintain the same level of heat rejection. The required air flow rate is increased until it

reaches the temperature for which the tower was sized. Point Tp on the curve is the design point with =1 and

design
ITD gosign, =20 °C (R =2°C, A =18 °C). It is seen that the quantity of air necessary increases rapidly as I7D decreases.
On the other hand, it decreases slowly when I7D is high. It is of advantage, to keep to a moderate figure, and especially not to

decrease below a certain value for I7D. It should be noted that air mass flow is proportional to fan power consumption and

inversely proportional to é . Point 7’7, on the curve represents ITD =18 °C (R =2 °C, A =16 °C) and = 1.16. This
design
point will be discussed in the following.
*
Sgen
0.006 ‘ ‘
0.005 - Experimental data
LIG=3J,

Casel
0004 + mE I, T R N N

® Design conditions 3 , LG=1T,

4/ T.=5023°C

i 5 B 1/ s

Qo2 LA ve=1z,

e .
0.002 T,;=30£3°C 1
0.001
0 ‘-—/
0.00 5.00 10.00 1500 2000 2500 3000 3500  40.00
ITD(°C)

. . L
Figure 3  The effect of ITD on entropy generation number ( sg,,, ) for fixed values of G or ¢
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G
Gdestgn
a2 | |
4.50 \ Experimental data
\ Case 2
400 \ @ Design conditions
A NO.3-11
3.50 \
3.00 \
Q= Quesize:
2.50 \ = a
\ T, =50+3°C,
2.00 T, =19-50 °C
1.50
T
Tp
1.00
0.50 e—l
0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Figure 4 The relationship of (

design

ITD(C)

) and the ITD for fixed values of heat load

The calculated outlet air temperature at these various operating conditions was also shown in Figure 5. The outlet air

temperatures decreased and increased as the I7D is reduced as shown in Figure 5. These curves also showed minimum outlet

air temperatures where ITD =18 °C (R =2 °C, A =16 °C) in all inlet water temperatures at @ges;qn, - The relationship

among the temperatures is

I e
c Cpp —2E 5
Tg,=Tg; + R 2EL Dy p7RL T ne
Cpra G .G
. dTG e . ..
By setting leb =0, the value of T , is minimum, and we get
ln(icp’l‘ R 1
Cp ITDpin ¢
C (— ey
D, -~ ZpLl, n-1
1-n Cp,G
138 |

(23)

24)
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TG_.e(:C)
54.00
5 Experimental data  CASE2
52.00 A\e— = ® Design conditions  Q=Q,. . T ;=19-50 % -—
» ¢ A NO3-1t
30.00 -
\\')‘g 5 \ /
48,00 e b ,/
\ \ : /
2 1
46.00 4G5 AN : <
44,00 J W
\ i A
i
42.00 . : o
40.00

0.00 5.00 10.00  15.00 ; 20.00 2500 3000 3500  40.00

ITD(C)

o

ITD

Figure 5 The relationship of the outlet air temperatures 7 . and the I7TD for fixed values of heat load

The minimum outlet air temperature is obtained by setting I7D = ITD,;,, in the equation (23). Using Eq (24) with R =2 °C,

we get ITD,;, = 18 °C and = 1.16. This is point 7, on the curve of Figure 4. Below this point, the necessary air

design
mass flow increases rapidly as the ITD is reduced.
Figure 6 shows the effect that the 7D has on sz,en for the same set of operation conditions. The values of s;en obtained

from cases 1 (Figure 3) and that from case 2 (Figure 6) are similar with different corresponding values of I7TD .

5.  Model validation

The purpose of this work has been to test and analyze the dry-cooling tower previously developed to evaluate its
performance based on entropy generation. The model tower tested for this report is essentially the same as described in
Reference [8]. The tower performance has been measured under a variety of operating conditions. The results were compared to
further validate the model presented here. The triangle symbols and others, as shown in Figs. 1 — 6 in each condition, were
obtained from the experiments. Instrumentation and testing of the tower produced data with an average experimental error of

10%. In 12 test runs the predicted total heat transfer differed from the measured total heat transfer by no more than 6.5% with
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most runs coming well within 1%. With the model validity established, it may now be used to help predict the performance of

the dry-cooling towers. The results summarized for both cases in Table 1.

*
Seen
0.006
0.005 //
0.004 /
0.003
/
0.002 / —
Experimental data
0.001 CASE2
/ = @ Design conditions
A NO3-11
0+ I |

0.00 500 1000 1500 2000 2500 3000  35.00 0
ITD(C)

Figure 6 The effect of I7D on entropy generation number (s;en ) for fixed values of heat load

6. Result and discussion

The influence of different working conditions (é ,T7;,Tg,; and R) has been determined. The variations of
design

and s;en for various conditions among these parameters are calculated. The results reveal that the amount of data scatter is

reduced when plotted against I7D at various operating conditions. In case 1 with constant & or — , it can be observed from

Q

design

Figure 2 and Figure 3 that the calculated

. o . L . .
and s;en are increased with increasing I7D. When — is reduced by either

L is decreased or G is increased with constant 7D, the calculated Q is increased and that of s;en is decreased (see
design

Figure 2 and Figure 3). However it has less affected as the I7TD is reduced. We also see that s;en slightly changes with é .

In case 2 with constant R or € , it can be observed from Figure 4 that the required is increased with decreasing

design

ITD. At low ITD (i.e. due to the increase of ambient temperature), the approach temperature would be reduced to maintain
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the range temperature. In practice, air-cooled heat exchanger are designed with an approach of 10 to 15 °C [9]. Below this value,

small changes in I7TD yield large changes inL
design

. The outlet air temperatures would be allowed to “float” with ambient

conditions, rising or falling until I7D closes to ITD,,;, . The quantity of s;en is increased with increasing I7D .

Table 1 Comparison between the corresponding predicted and measured values of the dry-cooling tower.

Design
Conditions Case 1 Case 2
conditions
Varying ambient
condition at
Working at | temperature of +
Description design 3 °C of design Varying ambient condition at temperature of + 3 °C of design TG,i with constant R
conditions TG,i with
constant —
Experimental
NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.8 NO.9 NO.10 | NO.I1
conditions
Tr,,(°C) 50 50 50 50 50 50 50 50 50 50 50 50
Tgi(°0) 30 27 33 27 33 28.8 303 31.0 32,0 33.0 33.9 34.9
R(°C) 2 23 1.7 2 2 2 2 1.9 2 2 2 2
ITD(°C) 20 23 17 23 17 21.2 19.7 19.0 18.0 17.0 16.1 15.1
L
5 1.7 1.7 1.7 2.12 1.36 1.84 1.71 1.59 1.4700 1.35 1.23 1.12
G
~ 1.000 1.000 1.000 0.802 1.250 0.924 0.994 1.069 1.156 1.259 1.382 1.518
G design
Effectiveness 70.71 70.71 70.71 76.67 66.55 72.93 70.71 69.60 67.87 66.05 64.11 62.22
Experimental results
TG,.(°0) 44.13 4325 | 4501 | 4462 | 4430 | 4409 | 4451 | 4355 | 4421 | 4422 | 4412 | 4421
Q
1.00 1.15 0.85 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Qdesign
" 0.0022 | 0.0012 | 0.0023 | 0.0011 | 0.0019 | 0.0016 | 0.0014 | 0.0013 | 0.0011 | 0.0010 | 0.0008
Sgen 0.001695
59 16 50 68 35 55 83 32 64 18 75
sz,en 1.3324 0.7171 1.3864 0.6892 1.1413 0.9762 0.8748 0.7857 0.6869 0.6006 0.5161
. 1.000000
S gen,design 43 49 63 14 23 01 79 17 42 48 16
Equation predicted
results
o 44.13 43.35 45.09 4447 44.20 44.29 44.21 44.19 44.18 44.20 4424 4431
TG,e( C)
Q
1.00 1.16 0.86 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01
Qdesign
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Table 1 Comparison between the corresponding predicted and measured values of the dry-cooling tower. (Continuous)

Design
Conditions Case 1 Case 2
conditions
Varying ambient
condition at
temperature of £
Worki t
orking a 3 °C of design Varying ambient condition at temperature of + 3 °C of design TG,i with constant R
Description design T
G,i with
conditions '
constant —
G
NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.8 NO.9 NO.10 | NO.11
0.0022 | 0.0012 | 0.0023 | 0.0011 | 0.0019 | 0.0016 | 0.0015 | 0.0013 | 0.0011 0.0010 | 0.0008
*
Sgen 0.001695
63 18 42 63 43 40 08 29 63 23 79
sz,en 1.3351 0.7186 1.3819 | 0.6859 1.1463 0.9675 0.8896 | 0.7842 | 0.6859 | 0.6034 | 0.5184
I E— 1.000000
S gen,design 90 39 05 39 55 92 24 53 39 68 78
Errors in predicted
values
0.00 -0.23 -0.18 0.34 0.23 -0.45 0.67 -1.47 0.07 0.05 -0.27 -0.23
% in error of TG,e (%)
% in error of
0.00 -0.87 -1.18 -1.00 -1.00 -1.00 -1.00 -6.32 -1.00 -1.00 -1.00 -1.00
Q (%)
Qdesign
. -0.1 -0.1 .34 4 -0.41 91 -1. 2 . -0.4 -0.4
%inerrorofs;en ) 0.00 0.18 0.16 0.3 0.43 0 0.9 69 0.23 0.09 0.49 0.46
% in error of
8" 0.00 -0.21 -0.21 0.33 0.48 -0.44 0.88 -1.69 0.19 0.15 -0.47 -0.46
gen )
kS
S gen,design

7.  Conclusion

The performance of the heat exchanger was calculated under a wide range of operating conditions. The performance has
been evaluated based on thermal capacity as well as on entropy generation. Comparison of the model tower test results with
those of a computer simulation has demonstrated the validity of that simulation and its use as a design tool. The correlation of
data for various conditions among the operating conditions shows that I7D could be used as the parameter to determine the

effect on thermal capacity and entropy generation. The DRY tower is sensitive to ambient temperature and requires moderate

ITD. The variation in an ambient temperature with constant Yel results in heat rejection changes. A larger heat rejection with

increasing ITD yields a higher entropy generation than the case of lesser heat rejection with decreasing I7TD . Consequently,

what is good for increasing the heat transfer is bad for entropy generation, and vice versa. The variation in an ambient
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. L . L . .
temperature with constant heat rejection results in Yel changes. The required air mass flow rate G relates to I7TD. A lesser G

with increasing ITD yields a higher entropy generation than the case of larger G with decreasing I7TD . Since the quantity of
s;,en is increased with increasing I7D and decreasing I7TD yield large change in G . The operating conditions for the heat
exchanger will be limited when I7D approach ITD,;, where low irreversibility is expected. Working below this value results

in over-sensitivity to small change.
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Nomenclature
C constant
C, 1  specific heat of water (constant pressure) (kl/kg-
K)
C,c  specific heat of air (constant pressure) (kJ/kg-K)
G air mass flow rate (kg/s)
h enthalpy (kJ/kg)
ITD  initial temperature difference (OC) (= T~ Tc,a)
L water mass flow rate (kg/s)
n constant
NTU number of transfer units
pressure (kPa)
heat transfer rate (kW)
range (°C) (= T~ TL’C)
Rg gas constant of air (kJ/kg-K)
s entropy (kJ/kg-K)
Sgen rate of entropy generation (kJ/s-K)
s;en entropy generation number (= G :G)
144 |

T temperature (°C)
Greek symbol

& effectiveness

¢ relative humidity

X destroy €X€rgy destruction due to entropy generation (kW)

% specific exergy (kJ/kg)

) humidity ratio (kg of water vapor / kg of dry air)
@ specific humidity ratio on a mole basis (= 1.608
)

Subscripts

0 environment, restricted dead state

approx. approximated value

e exit or outlet
G air

i inlet

L water

min minimum
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