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Figure 1 The heat transfer model of cold gas flows through the heat
exchanger
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Figure 2 Resistance model of cold gas flows through the heat ex-

changer. 1, Sudden shrinkage resistance; 2, frictional drag of heat ex-
changer; 3, the sudden enlargement resistance; 4, frictional drag of pipe
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Figure 3 The system diagram of heat exchanger experiment. 1, Flow
meter; 2, vacuum pump; 3, vent pipe; 4, temperature measurement and
control instrument; 5, external heating power; 6, vacuum vessel; 7, con-
necting wire; 8, temperature sensor; 9, liquid nitrogen tank; 10, liquid
nitrogen tank heating film; 11, liquid inlet pipe; 12, heat exchanger; 13,
heat exchanger heating wire; 14, vacuum gauge; 15, nitrogen container
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Figure 5 (Color online) The package and installment of the thermal
sensor in the pipe. 1, Inlet liquid pipe; 2, vacuum connector; 3, inlet
liquid spiral pipe; 4, liquid nitrogen tank; 5, liquid nitrogen tank heating
film; 6, heating film pressing plate; 7, vent pipe; 8, thermal sensor placed
in the outlet of heat exchanger; 9, heat exchanger; 10, heat exchanger
heating wire; 11, thermal sensor installed in the inlet of heat exchanger;
12, copper basement
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Tablel The parameter settings of experimental condition
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Figure 6 The test curve of different liquid nitrogen tank heat (heat of
heat exchanger keeps 0.3 W). Tuavar: the copper basement temperature;
Tin: the heat exchanger inlet temperature; Te: the heat exchanger temper-

ature; Tou: the heat exchanger outlet temperature; Qp: the outlet volume
flow rate

Table2 Thetest dataof different liquid nitrogen tank heat (heat of heat exchanger keeps 0.3 W)

IR T A Qm (LPM) Tou (K) Tex (K) Tin (K) Toewa (K)
$u=15W 0.822 178.90 181.08 107.97 79.23
=18 W 0.887 178.81 181.03 107.52 79.12
=21 W 0.955 176.28 178.72 107.47 79.31
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Figure8 The relation of heat transfer coefficient and gas velocity, heat exchanger temperature. (a) The relationship between heat transfer coefficient
and gas velocity with inlet nitrogen gas temperature 105 K and heat exchanger temperature between 150-180 K; (b) the relationship between heat
transfer coefficient and heat exchanger temperature with inlet nitrogen gas temperature 115 K and velocity 0.09 m/s
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Table5 The calculation of Nusselt numbers, Reynolds numbers and Prandtl number
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AR W) (W) L (K) L (K) L (K) (LPM)
0.5 109.72 151.97 153.97 0.38 0.04 5.84 0.73
0 1 107.47 147.95 149.95 0.48 0.05 7.41 0.73
1.5 106.74 142.65 142.65 0.58 0.06 8.92 0.73
10 92.33 99.72 100.58 2.82 0.31 43.37 0.73
12.6 91.25 97.83 99.02 3.56 0.41 54.75 0.73
Tl o1 15.3 90.47 95.55 97.54 4.21 0.46 64.75 0.73
18 89.31 94.74 96.24 4.89 0.55 75.21 0.73
20.6 89.64 92.56 93.18 5.47 0.61 84.13 0.73
23.3 89.58 91.67 92.02 6.25 0.75 96.13 0.73
1.5 107.97 178.9 181.08 0.82 0.09 12.64 0.73
0.3 1.8 107.52 178.8 181.03 0.88 0.09 13.64 0.73
21 107.47 176.28 178.82 0.95 0.10 14.69 0.73
0.7 111.14 187.57 189.57 0.90 0.10 13.84 0.73
0.5 21 109.12 183.8 185.63 0.89 0.09 13.72 0.73
T2 0.4 107.42 179.76 181.70 0.87 0.09 13.40 0.73
1.2 98.39 123.97 125.56 1.79 0.18 27.53 0.73
0.6 5.0 96.25 113.79 114.81 1.76 0.18 27.07 0.73
0.1 95.40 106.42 100.58 1.82 0.18 27.99 0.73
Nu=XBn g XUXDy p  7XCy o - ' 1
A n A 08k los
S, R AR, WIME K), Dy I 172, o A0
{12 Dy (ALY X, Forh, AR, LR A o5l s
WG, WM K); p W, kg™ ul ks 2 osf ///// Jos €
BE, mis; p i SIRBEEE, Pas; Coly L HZE, Ji(kg K); i 2‘; g‘; =
FRSHWHHERK, B HL0.73, o3| /////* Jos
HH R3S ZE /R BUNU., B i BRI B AR 5 Prig 01} o Joa
AT R R IINU=R(Re, PRI, 1551 A S i
A AT Re
Nu = 0.0060x Re"™® x Pr®® Reec(0,100). (6) [E9 X¥ER 545w s

P19 T+ 5545 1] 1) 55 28 /R K Nusd A1 i #4528
A EN Y55 28 /R BINu(fit) i 2k, L5 XA AT R A0
R = 2 =09
Zinzl 3 _Zinzl(yi -¥)*
APy SRl oG EE. il i, a2
AT LB AT S AR &

5 SEUSIRIENMMT
501 25 S R 1R Ik LA A O

340

Figure9 The comparison of test data and fitting data
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The experimental research on heat transfer coefficients of low
temperature and low Reynolds number nitrogen gas
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1Key Laboratory of Space Energy Conversion Technology, Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing
100190, China;

2University of Chinese Academy of Sciences, Beijing 100049, China

* Corresponding author, E-mail: gthong@mail.ipc.ac.cn

The aim of this experimental research is to study the performance of heat transfer and pressure drop in the internally
finned heat exchanger with low-velocity nitrogen gas flow at low temperature, which is often used in low temperature
liquid vessel to reduce cool loss.

In this experiment, a special structure had been designed to get the fitting test data. A 200 mL liquid nitrogen tank was
installed at the bottom of the system, which provided low velocity and low temperature nitrogen gas. The heat exchanger
was installed in the outlet pipe of nitrogen gas. There were heating film installed at the bottom of liquid nitrogen tank and
heating wire installed on the surface of the heat exchanger to get the different inlet nitrogen gas velocity, temperature and
different heat exchanger temperature. Both the liquid nitrogen tank and heat exchanger were placed in a vacuum vessel.
In thisway, the heat exchanger cannot perform convection with the air but can only convective heat with the nitrogen gas.

The nitrogen gas temperature was measured by diode therma sensor with using specia package and installment in
order to get the accurate temperature. A flow meter was installed at the end of the nitrogen gas outlet pipe to measure the
gas flow rate in the heat exchanger. With the temperature and the flow rate been measured, the hesat transfer coefficients
Cp ><Qm ><Tout _Tin

Ax (Ts _Tfluid )

exchanger temperature, Tr.q iS average fluid temperature in the heat exchanger, C, isfluid isobaric specific heat, Qn is

fluid mass flow rate, T, is inlet fluid temperature and Ty is outlet fluid temperature. Also, the pressure drop can be
2 2

obtained as h, =5><;—g, h, :Axclj—x;—g, where | is pipe length, d is pipe diameter, u is average velocity, g is

gravitational acceleration, A ison-way resistance coefficient and dislocal resistance coefficient.

In this paper, the heat exchanger was studied with nitrogen gas temperature in the range of 90 to 200 K, velocity 0.03
to 0.60 m/s. The Reynolds number is small, ranging from O to 100. The pressure drop was calculated about severa
hundred Pascal, which is very small compared with the nitrogen outlet pressure (101325 Pa). So the analysis focuses
most on the property of heat transfer coefficients. From the test data, the relationship between heat transfer coefficient
value and gas velocity shows linearly direct ratio when inlet nitrogen gas temperature was 105 K and heat exchanger
temperature was between 150 to 180 K; The relationship between heat transfer coefficient value and heat exchanger
temperature also shows linearly direct ratio when inlet nitrogen gas temperature was 115 K and velocity was 0.09 m/s.
The Nusselt numbers, Reynolds numbers and Prandtl number were calculated and a dimensionless correlation can be

obtained as Nu = 0.0060x Re"*® x Pr°**" ' Ree (0,100) . The experimental error had been taken into account. Using

the error transfer formula, the relative experimental error of Nusselt numbers and Reynolds numbers number were
+4.86% and £2.86%.

This experiment studies the performance of heat transfer and pressure drop in the internally finned heat exchanger
with nitrogen gas temperature 90 to 200 K and velocity 0.03 to 0.60 m/s. The heat transfer coefficients of different
nitrogen gas temperature and different flow rate had been obtained to form a dimensionless correlation. And this
dimensionless correlation can be used for designing heat exchanger especially when nitrogen gas temperature between 90
and 200 K with low Reynolds number.

can be obtained ash=

, where h is heat transfer coefficients, A is heat exchanger area, T is heat

low-temper atur e, low-Reynolds number, heat transfer coefficients, nitrogen gas
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