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Analysis of Double Pipe Counterflow Heat Exchanger
by the Second Law of Thermodynamics

Lee, Geun-Sik and Namkoong, Kyu-Wan
Dept. of Mech. Eng.

{(Abstract)

The performance of the double pipe counterflow heat exchanger which uses an incompressible fluid as
a working fluid and is connected in series on the hot side and in parallel on the cold side, was analysed
both theoretically and experimentally in the view of 1st and 2nd law of thermodynamics.

The ratio of heat transfer rate to pumping power and the rate of entropy generation for the given
geometry of the heat exchanger and inlet conditions, were calculated and compared with the
experimental results for the cold side fraction, the ratio of capacity rate, and the ratio of inlet
temperatures of hoth sides.

In addition, the ratio of heat transfer to pumping power and the rate of entropy generation were
compared with those values of the case connected in series on the cold side,
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Fig 1, Schematic diagram of temperature distribution in a counterflow heat exchanger
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Table 1, Properties of saturated water

P Cp poX 104
T () (keg/m) U/kge) (Pa. sec) Pr
85,70 990. 6 4174 6. 16 4,04
55 993.0 4174 6.82 4,53
40 994, 9 4174 7.65 5.12

A HHE 0.375<m3<0.8 kg/sec, 40T <
TIS8CE 393 42E 47142 o 2% 14

7HA19 7 S-oll et Adsgc

Table 2, Calculated files for various cold-side mass flow rates and various hot-side inlet

temperatures when mi=0, 28kg/sec.

(*pariparallel stream in cold side, *per:iseries stream in cold stream)

Ti(T)
ms 85 75 55 40
(ke/sec) par | ser par | ser par | ser par | ser
0.8 4A 4AS 4B 4BS 4C 4CS 4D 4DS
0.627 3A 3AS 3B 3BS 3C 3CS 3D 3DS
0. 508 2A 2AS 2B 2BS 2C 2CS 2D 2DS
0.375 1A 1AS 1B 1BS 1C 1CS 1D 1DS

A71M =AL 8% HYEYLe 93 4
LS8 AHsigenz Ao dAsich oty 2
EE%9 ¥Y5Y Wethg A2 o)
W dm$7) AZ3) B2 589 folmz

(51)

Wee =% { X APes + (1-X) APcs)

2 Fojirh, =¥ HYFdHd d@ dueFe

F2 Ao am

_Q
F= W (52)
o] Il
Q=Qa + Qs (53)
o]},
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Read data
- Geometric Values of Heat Exchanger
- Properties of Water

< T, m
{—_ Read Th ‘
[ Read ms3 ——l

[X=0.1TO 0.9, STEP 0.1 ]
@ —

Calculate
(Re)ha= p1 Vi Dr
. pl Di X n‘D
(Re) cord, A R
(Re) cold. B Py, (1) ms
H3 P3 Ay

Y
Choose a friction factor Eq.
among Eqs(47-a), (47-b), and (47-¢)

according to the range of Re and cold

or hot side

Choose a of Nusselt Number expression
among Eqs (48), (49), and (50)
according to the range of Re and cold
or hot side

X M Ce <Iﬁh Ch

~_

T

(Nlu) ,\=Eq (43"3)

No o

Fig 3, Flow chart for calculating exit temperatures, pressure drops, heat transfer rates, and entropy

generation rates.

(Nw) 2=Eq (43-b)

o] &4 - Wt
®\

//

/\(l~x) e ce {mn ¢h

T

(Nw) ;3:13_(1_(4_4—11)
\\‘_‘_

[(Ntu) B=EE[_(—4_4—"-13)___1
\/_*——/

Y

Calculate:Ti, T2, Ti and Ts

and print

by Eq (23), (24), (26), (27), (29),
(30y, (31) and (32)

according to the magnitude

X 1 G
o c

(1-x) ms ¢

of —
m

and of

i

[Calculate: 4Pi2, dPxn, APs ]
and print

from Lq, (45)

Calculate: Qa, Qu B
and print

Qror=Qa + Qs from

E’,q, (17), (18) and (19)

Y

(Sgen) 1t

Calculate : Sgen,
and print
by Eq(37) and (40)
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Table 3, Experimental measurement conditions

flow rate of inlet temp. of flow condition and fraction, '
cold stream hot stream X (%) of cold stream for
- each hot stream temperature
s (kg/: secﬁ)r Ti(C)
86.5 O series connection
0.8 70.5 O parallel connection
55.9 X : 23.5, 50,8, 77.1
41.7
84.0 O series connection
0. 627 :;(2) O parallel connection
40.9 X 1 13.7, 42.7, 61.3
85.0 )
0.508 69.5 O series connection
54. 5 O parallel connection
40,9 X177, 38.7, 63.3
85.0
0.375 69,7 O series connection
54.2 O parallel connection
40,5
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