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Numerical Analysis on Longitudinal Heat Conduction in Printed Circuit

Heat Exchanger
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Abstract Longitudinal heat conduction is known to be an important factor in the design of a printed circuit heat exchanger(PCHE)
for cryogenic applications. Parasitic heat conduction through the heat exchanger frame needs to be considered because it is
known to decrease the effectiveness of the heat exchanger. In this paper, a conjugate heat transfer problem in a simple
counter-flow PCHE is analyzed by a computational fluid dynamics simulation. The effect of longitudinal conduction in a
straight channel is compared with the theoretical effectiveness-NTU relationship that assumes a “thin” heat exchanger frame.
The calculation results suggest that the theoretical model is valid in the present calculation conditions where NTU is < 13.
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Fig. 1 Cross-section of the calculation domain and generated
mesh for the CFD simulation.
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Fig. 2 Temperature dependent thermal conductivity of
N2 gas and stainless steel 316.
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Fig. 3 Friction factor depending on Re and the length
of the flow channel.
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Table 1 CFD simulation conditions
Hot side Cold side
Inlet temp. 273 K 173 K

Fluids gaseous N2
1-16x10° kg/s
100, 200, 300 and 400 mm

Flow rate

Channel length
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Fig. 4 Temperature contour plot of hot and cold channel
at Re = 1700 for flow channel length of 100 mm.
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Fig. 5 Calculation results of (a) convection heat transfer
rate and (b) conduction heat transfer rate depen-
ding on the Re and flow channel length.
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Fig. 6 Calculation result of longitudinal conduction para-
meter and Re for various channel length.
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Fig. 7 Calculation result of the relationship between Re
and (a) effectiveness and (b) NTU of the heat

exchanger.
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Fig. 8 Calculation result of the relationship between heat
exchanger ineffectiveness (1-€¢) and NTU.

604

S=NTU o] 2243 LAkt

el e Axtol Bk AAIE U9 BAS 931,
FERY AEG Ao dago] WU} 2,20 o] ge] ¥
2 NTU 9ol A CFD &4 Z3e} 2)(4)2] vlurt H
Q3 Aog e} Ik gokd 27, 24
o] 2 Awsly] Aol 3t F7}4<l CFD sfj2jo] &

o

oA AsateE A7
i3 S 9lske] CFD S14S
R el 712 dusk Ao tiste]
! Aol MR dudtr|e] f8&EE AtstS
. Kroeger7} A|A1 g fr& WMoz o] dedddsa
g HERE 59 F8&Ee & ANEd
tol& Bt frsid =3 &3
12 &=t A A3t dA|st = 3
] ool gk B} ZpAg Al A
e G4 2 5 210

ol'mgrm
o
il
.—EEE
o o 3
%A g i
Ju
>
o
riet

gy
He

[¢]
un

A 2
21}

o} 37}
o

232 rlo ot Lo > ot
IO [ N1 :{N
Lot

o,

¢

o
N

References

1. Reay, D., Ramshaw, C., and Harvey, A., 2008, Process
intensification : Engineering for efficiency, sustainability
and flexibility, Butterworth-Heinemann, UK.

2. Pua, L. M. and Rumbold, S. O., 2003, Industrial micro-
channel devices-Where are we today?, Proceedings, First
International Conference on Microchannels and Mini-
channels, Rochester, NY, USA.

3. Oh, D. W,, Yoon, S. H.,, Kim, D. J., and Choi, J. S,
2011, Numerical analysis in designing microchannel
heat exchanger for cryogenic application, Proceedings,
International Air-Conditioning and Refrigeration Confe-
rence, [CACR 2011, Gangwon-Do, Korea.

4. Shah, R. K. and Sckulic, D. P., 2003, Fundamentals
of heat exchanger design, Wiley, Hoboken, NJ.

5. Kroeger, P. G., 1967, Performance deterioration in high
effectiveness heat exchangers due to axial heat conduc-
tion effect, Advances in Cryogenic Engineering, Vol.
12, pp. 363-372.

6. Maranzana, G., Perry, 1., and Maillet, D., 2004, Mini-
and micro-channels : influence of axial conduction in
the walls, International Journal of Heat and Mass Tran-
sfer, Vol. 47, No. 17-18, pp. 3993-4004.

(© SAREK



