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Studies of heat transfer and flow characteristics of printed circuit heat
exchanger under transitional flow

ZOU Hongwei, CHEN Yongdong, HAN Bingchuan, YU Gaige, ZHANG Mingran, LIU Xiaogen

(Hefei General Machinery Research Institute Co., Ltd., Hefei 230031, China)

Abstract: A Printed Circuit Heat Exchanger (PCHE), with straight channels and semi-circle cross section, was
fabricated and experimental studies on heat transfer and fluid flow were conducted, during which the flow regime
was transition flow, water was working fluid, and flow rate of water was various. The results obtained from
correlations of macro circular tubes had obvious deviations from the experimental results. Specifically, the f factor
obtained from experiments are larger, and the changes of the overall heat transfer coefficient were more complex
with various Reynolds humber. The heat transfer and flow correlations in transition zone of PCHE was calibrated
within corresponding application ranges. In order to obtain the heat transfer correlations, a numerical method was
introduced to obtain one-sided average convective heat transfer coefficients under transition flow. The results
showed that the average deviations of the overall heat transfer coefficient obtained from average convective heat
transfer coefficients was 8.5% comparing to experimental results, while the maximum deviation reached 17.2%.
However, in spite of that, a correlation to predicted the overall heat transfer coefficients through average convective
ones still can be obtained, and the deviations comparing with experimental results was within 10%. It is
recommended that obtaining one-sided average convective heat transfer coefficient with numerical method is
feasible especially when it was transition flow in PCHE.
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Tab.1 Geometrical details of PCHE

24 A A
B AR SS316L SS316L
JiHiE H4% D/mm 15 15
i Bi8/mm 0.8 0.8
FLALE K mm 600.0 600.0
W SR to/mm 15 15
eI Fm? 0.353 0.353
R HoE 14 14
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Fig.2 Schematic Diagram of PCHE Test System and
comparison of heat load at cold and hot sides
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Tab. 3 Experimental conditions of water-water in PCHE

RN - NN - AR . UNELINA
SR P RAOTRSNEA . RRIE g AWED i DLER e
e g -~ N i & 5 3l =R’ EG
BEAT T 10 415256 HAFH SR B R 3 k. PCHE (m>h %)
o o Y 1 1 A g 1 298.05 333.98 1.9 4479.41 6055.26
— S y N S Y [E 3)
IK=IKAEFELEE T 0 W3R 3. SRS N iR & RFak 2 2784 333.20 18 419533 566243
\‘ b I~] y N 3 “ > _‘H‘ N >
WeBl, (B TS PRI ShEFEE 1 CRLAN. 3 20771 33311 17 395688 5328.12
eAh, MRHE IR R E R DL T AT E‘J E’E%ﬁ&?ﬁ F, 4 29756  333.09 16 372056  5003.09
PN AR B AE 1.0~1.9 m3/h, AT 5 297.37 332.97 15 347637 4674.97
= R ) e 6 297.29 333.83 14 3262.94  4401.65
=%, HH TRy Z R, %?MNIJ)\ (W7
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KFAMIN I E EE
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Tab.4 Collection of the heat transfer correlations
5 N SRR #IE
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- 0.5(pr2/3_ 5 = _ -2
Gnielinskil ~ Nu=(f/8)(Re—1 000)Pr/(1+12.7(f/8)*5(Pr?3-1) 2 300<Re<5X 10° f=(1.82IgRe-1.64)
Nui=(4.3643+0.6%+(1.953(RePrDn/L)Y3-0.6)3)%/3; Re<2 300 ¥ o o N
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. Nui=4.364; . T
Churchill NUENUGH0.079(f/2)0SRePr/(1+Prosys, 4l KGR
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Tab.5 Collection of Fanning factor correlations
2R i ZHuE
Churchill 2/f=(1/((8/Re)10+(Re/36 500)20)°5+(2.21In(Re/7))10)°2 4Tt
f =A+B/Relm;
Bhatti A=0, B=16, m=1(Re<2100); A=0.0054, B=2.3x108, m=-2/3 (2 100<Re<4 000); i
A=1.28 x 103, B=0.114 3, m=3.215 4 (Re>4 000)
Petukhov f =(0.79InRe-1.64)%/4 3 000<Re<<5Xx 108
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Fig.7 Comparison of single channel heat load obtained by
different calculation models and experiments
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simulation model
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Fig.9 Comparison between numerical and experimental
results of the outlet temperature on cold and hot sides
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Fig.10 Thermal load deviations between numerical and

experimental results
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Fig.11 Convective heat transfer coefficient between
numerical and experimental results
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