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An Analysis of Heat Transfer and Pressure Drop Characteristics for Optimum Design

of Cryogenic Heat Exchanger used for Liquid Nitrogen Cooling
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Abstract In this paper, analytical studies were conducted to obtain optimal design factors and analysis parameters of

liquid nitrogen cooling exchanger applied in cryogenic refrigerator. The target value of heat transfer rate was more

than 1 kW and pressure drop was less than 40 kPa. Design factors of cryogenic heat exchanger included width of

channel and configuration of paths. Analytical factors of liquid nitrogen cooling exchanger included temperatures of

coolant header surface and inlet liquid nitrogen. The width and number of channels in the design parameters were

0.0050~0.0150 m and 4~8, respectively. The configuration of channel path was 4 ways. Temperatures of coolant header

surface and inlet liquid nitrogen in analytical parameters were 74 to 78K and 82 to 86K, respectively. As result, the

design factor and analysis parameter satisfying the target values were obtained. The biggest heat transfer rate was

1.36 kW with pressure drop of 32.26 kPa.
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Fig. 1 Cryogenic heat exchanger for liquid nitrogen cooling.

3. HA - sliMAXt A Huf EH
3.1 AA - s Al X}

311 A eIxt 45
Folur] 3 20 137 AAow

s

ole_ﬂ‘ VASS)

—‘~
[
X,

o

A dugr]e] AAQIA] e e B dHAds 545 &
Tamsklh 1AF Aol AAANARE A v B Jiaeek F29) Aol Table 19 12F s Aol o] &7

AARJNA 2 A ZE=A-E YERNRTE 13} A2 A R1AR] AAH A FF, Y72 2 W7 dy 1
257F 4 dEldA AAIRIAR A Ade] yn] 2 ] mE A 2 rEAs 548 goliy)
ate] sttt olw MY HH]E 0.0050~0.015 mo] L, AL NG4S 482 HAAF AT

22k A2 AEe] Yyl g F A A T FASE AdEelA] AdfRe] A 2 FA42 dustr]e
W wishel mE G 2 EAe 54 golry] fste] =tk Table 200 23} & 4] 2] A AIRIAF 2
A 2AE YERd o, AAge AAJAR] AR 2 A4S Sudr)e] S 77t 14 9 0.152~
0.192 mo|t}.

3ab aj Ao A A E A QIR g yH| "R A olt) 13} dA el A A E AAIRIRRR] A <]
UHE 23l AY HelE t2A] sto] S Fastelon, oju Ade] yn] H K=o FA4L 77
0.0050~0.0100 m % 1~4°|t}. Table 32> 3%} dljAol] o] &gt 542 Hudkr|e] AAAA L Az,

T M zAgA A yn] 9@ fFR2o P wE ddd 9 gEAE 548 dolrr] ¢35k
AA A ] WS s

Table 1 Parameters and Computational conditions(primary analysis)
Computational conditions

Parameters
VV;,II [m] }‘[ch [m] ]Vnh ['] Pch, ['] THEX[m] I;u r face [K] :ZWLA\‘Z,in, [K] m‘[“’\]g [g/S]
0.0050~0.015 0.0055~0.0130 4~8 4~8 0.152 77 82 85

Table 2 Parameters and Computational conditions(secondary analysis)
Computational conditions

Parameters

W [m] H,,[m] N[-] Fal-] "aex[m] T pace [K] T [K] m e lg/s]
0.0150 0.0055 8 1~4 0.152~0.192 77 82 85
Table 3 Parameters and Computational conditions(tertiary analysis)
Parameters Computational conditions
W, [m] H,,[m] Ny [-] Lul-] " gex[m] T;urfa(:a [K] T v2,in [K] My [g/s]
0.0050~0.0100 0.0055 8 1~4 0.152 77 82 85
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Table 4 Parameters and Computational conditions(quaternary analysis)

Parameters Computational conditions
W, [m] H,,[m] No[-] Ful-] " ex[m] Ty Face [K] T3 [K] me [g/s]
00.0100 0.0055 8 1 0.152 74 ~ 78 82 ~ 86 85
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Table 5 Design factors and responses(primary analysis)

Factors Responses
No.  Wum]  Hum]  Nu[d Pl redm] DesuedK] T K] gles] [%;Z] [kd}fa ]
1-1 0.0050 0.0130 4 4 0.236 1.56
2-1 0.0050 0.0055 8 8 0318 1.83
3-1 0.0100 0.0080 6 6 0.152 77 82 85 0.230 1.25
4-1 0.0150 0.0130 4 4 0.215 1.17
5-1 0.0150 0.0055 8 8 0.285 1.18

(© SAREK 27



0AE, AFE
Main Effects Plot (data means) for Q Main Effects Plot (data means) for dP
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(a) Main effects plot for heat transfer rate, QL2 (b) Main effects plot for pressure drop, dP
Fig. 2 Main effects plot(primary analysis).
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Table 6 Design factors and responses(secondary analysis)

Factors Responses

No. VV;’L [m] I{l‘h [m] ‘N;‘h ['] B‘h ['] r HEX[m] Ts ur face [K] ]2 N2.,in [K] 7;LL N2 [g/S] QLNZ ar

: ) : sur face N2.i ; [kW] [kPa]
2-1 1 0.152 0.537 15.16
2-2 4 0.152 0.338 1.46
2-3 0.0150 0.0055 8 2 1.172 71 82 85 0.406 3.17
2-4 1 0.192 0.487 16.46
2-5 4 0.192 0.303 1.50
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(a) Main effects plot for heat transfer rate, Qriv2 (b) Main effects plot for pressure drop, dP

Fig. 3 Main effects plot(secondary analysis).
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Fig. 4 Velocity distribution of LN2 in the tube side.
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Table 7 Design factors and responses(tertiary analysis)

Factors Responses

No. W (m] Hy, (m] Non [-] Fon [-] " pex[m] Ly face (K] T v2in [K] 7}LLW [g/S] QLNZ ap

: : : sur face N2, ; [kW] [kPa]
3-1 0.0050 1 0.611 135.46
3-2 0.0050 4 0.331 3.85
3-3 0.0725 0.0055 8 2 0.152 77 82 85 0.418 9.55
3-4 0.0100 1 0.559 32.26
3-5 0.0100 4 0.311 1.75
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Main Effects Plot (data means) for Q Main Effects Plot (data means) for dP
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(a) Main effects plot for heat transfer rate, Qriv2 (b) Main effects plot for pressure drop, dP
Fig. 5 Main effects plot(tertiary analysis).

4.4 AR} Sl

d
=

=%

1~-32} A el A & Sk AAIAE 3 AT}
sk AARIALE =EehH] RekglaL, 134 | AdE B2 H3Edh e AeldE nhet
7H¢ =2 No. 3~4 542 &
Fioh AE A s AAgsslon, heglogs ddET W AAE R &
Table 8 42} 2] ©]-&-%} A 1210l & whegte Hehlar vk A8 H
A Al 1363 kW $52 212 Vet Fig 62 4z 4
A= 29E YEdE Fad dAEFE AA L] 2=t 3
Aoz e ARE AR & o g AL ey Y FHE
Z Aoz EAEAY Fig 70 ¥ U220k AAE A g2k wE e B
Fukg W FAA NS 534 E(contour plot)= YERNATE T %] YER B
ol AL R S el sS4 ¢ 9l 3
T e SRAE AAT] i)l AR ddEy, 244
PT=5=7F oF 9K o]Fe] Apo]5 Hojof | kW o] e dHEds B Zow ALR¥U Fig
HAE AAste] 9hg-ghell ek HEE Kol 353 X (overlaid contour plot)©] T} W&k
S AAERe] E2EE Ao W= 42 1 kW o] B 76~78K otk Whg-gke] 9

Avpl A BEGS WSS FAL Dud)

155!
oL

o

9
)
o
o
ol
ot
o

o
i)
off
>,
2

ok il =
K

+
%0
b4
)
ol
>
r d
ng
P
i}

O ot

'olt H
o
i1
r>~1

-
rlo
g

o ro 2
Y LA
B BN o
Y 2
rlr

b}
L)
>~
2
o
ol
o
38

L]
g
ol
g
2
o, E
rif
S IR.:]
fo do
>
>

ok
hinss =

et X,
ot 1ok

>
)
N
rir
-z
S

lo
o
i)
ol
K
2
t
o,
(loy

z,
-z
A
o
A
N
_>|J_14
%
o

F

O 2@ T 12w rlo &2

2 N ofo 24 B i
Y

Main Effects Plot (data means) for Q Main Effects Plot (data means) for T_LN2_out

T_LN2,in T_surface T_LNZ,in T_surface

1.14 80.0
79.5

709.0 /
78.5 /

78.0

1.0+

0.9

Mean of Q
Mean of T_LN2_out

0.8 4

0.7 4

64 77.5

82 86 74 78 82 86 74 78
(a) Main effects plot for heat transfer rate, Qa2 (b) Main effects plot for outlet temperature, 77y ou:

Fig. 6 Main effects plot(quaternary analysis).
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Table 8 Design factors and responses(quaternary analysis)

T_surface

82.2 828 834 8B40 8406
T_LN2,in

85.2 858

(a) Contour plot of heat transfer rate, Qa2
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=
@
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82.2 828 834 B840
T_LN2,in

(b) Contour plot of for outlet temperature, 772 ous

Fig. 7 Contour plot(quaternary analysis).

Factors Responses
No.  Wiml  Aufm]  Null Pall rasdm) TaslK] Dao K] mles]  Onn e
(kW] (K]
4-1 82 0.905 76.83
4-2 83 1.019 77.18
4-3 74 84 1.134 77.52
4-4 85 1.249 77.87
4-5 86 1.363 78.21
4-6 82 0.779 77.49
4-7 83 0.903 77.84
4-8 75 84 1.016 78.19
4-9 85 1.130 78.54
4-10 86 1.245 78.89
4-11 82 0.674 78.15
4-12 83 0.786 78.51
4-13 0.0100 0.0055 8 1 0.152 76 84 85 0.900 78.86
4-14 85 1.031 79.21
4-15 86 1.127 79.56
4-16 82 0.559 78.81
4-17 83 0.671 79.17
4-18 77 84 0.794 79.46
4-19 85 0.897 79.87
4-20 86 1.010 80.24
4-21 82 0.438 79.50
4-22 83 0.558 79.81
4-23 78 84 0.669 80.18
4-24 85 0.782 80.53
4-25 86 0.894 80.89
Contour Plot of Q vs T_surface, T_LN2,in Contour Plot of T_LN2_out vs T_surface, T_LNZ2,in
W - s )
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Fig. 8 Overlaid contour plot of heat transfer rate.
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