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Experimental Investigation on Heat Transfer of
Supercritical Pressure Water Flowing in Sub-Channel
with Triangle Distribution in Reactors

Xu Weihui, Ma Zigiang', Wang Weishu®", Cui Qiang®, Zhu Xiaojing?, Lu Tong", Bi Qincheng®

1. Ingtitute of Thermal Energy Engineering, North China University of Water Resources and Electric Power, Zhengzhou, 450011, Ching;
2. School of Energy and Power Engineering, Dalian University of Technology, Dalian, Liaoning, 116024, China;
3. National Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an, 710049, China

Abstract: Experimental investigation on the heat transfer and flow of supercritical pressure
water flowing in the sub-channel of SCWR, which was simulated by a vertical triangular channel,
was conducted at the pressures of 23~28 MPa, mass fluxes of 700~1300 kg/(m?-s) and heat fluxes
on the inner wall surface of 200~800 kW/m?. The corresponding diameter of the fuel rod is 8mm
and the ratio of pitch to diameter is 1.4. The effects of heat flux, pressure and mass velocity on the
heat transfer characteristics were analyzed. Experimental results showed that the wall temperature
increases and the peak of heat transfer coefficient decreases with the increasing of the heat flux and
pressure when other parameters remain unchanged. |mprovement of mass velocity can enhance the
heat transfer, which is characterized by the lower wall temperature and higher heat transfer
coefficient. However the intensify effect of mass velocity on the heat transfer performance is not
obvious when it reaches a certain level. The wall temperature varies dramatically with the
increasing of the enthalpy and the peak heat transfer coefficient is much lower than that of the lower
heat flux when the heat flux reaches 800 kW/m® And the enhanced heat transfer that usually
appearsin the large specific heat region is greatly weakened when the pressure rises up to 28 MPa.

Key words: Supercritical water, Triangular channel, Heat transfer, Experimental investigation
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Fig. 1 Diagram of Supercritical Pressure Water
Loop System
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Fig. 2 Structure of Experiment Section and
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Fig. 3 Effect of Heat Flux on Heat Transfer

q h
H h
q h
h H
q
H
q 800kw/m*> T, H
h
2.2
P=23 25 28 MPa
P
4 =600 kW/m?
G =1000kg/(m?-s) P
4
Tw h H P

500 -
450 - ,.."f X
350 - —% P=23 MPa
—+— P=25 MPa
3001 —=— P=28 MPa
1

1 1 1 1 1
800 1200 1600 2000 2400 2800
HKJ kg™

b

4
Fig. 4 Effect of Pressure on Heat Transfer

Tw P
4b P h
H h
h
P
h P
P h
P 23 MPa 28MPa h
23.1 KW/(m?-K) 11.5 kW/(m?K)
P
P
P
SCWR
2.3
P=25MPa q=400kW/m? G
5 5 q P
G
q P G Tw
h 2



27

5a G 700 kg/(m*s)
1000 kg/(m?s) Ty G
1300 kg/(m?s)  Tw
G G
a
45 -

—— G=700 kg/(m?:s)
40 L —— G=1000 kg/(m?s)
—a— (=1300 ko/(m?2-Q)

AN

- -

1200 1600 2000 2400 2800
H/kJkg™!

NN
(=]
T

hkW-(n

b

5
Fig.5 Effect of Mass Velocity on Heat Transfer

3
1 Tw q
h q 800 kW/m? Tw
H
h
2 P
Tw P
h P
3 G
G

[1] Pioro | L, Duffey R B. Heat transfer and hydraulic
resistance at supercritical pressures in power engineering
applicationgM]. New York: ASME Press, 2007
175-181

[2] Oka Y. Review of high temperature water and steam
cooled reactor concepts/C]. Proceeding of SCR-2000,
Tokyo, Japan, 2000.

[3] Wu G, Bi Q ClYang Z D, e a. Experimenta
investigation of heat transfer for supercritical pressure
water flowing in vertical annular channelgJ]. Nuclear
Engineering and Design, 2011, 241(9): 4045-4054.

[4] Wang Jianguo, Li Huixiong, Guo Bin, et a. Investigation
of forced convection heat transfer of supercritica
pressure water in a vertically upward internally ribbed
tube[J]. Nuclear Engineering and Design, 2009,
239(10): 1956-1964.

[5] zhu Xiaojing, Bi Qincheng,Yang Dong, et al. An
investigation on heat transfer characteristics of different
pressure steam-water in vertical upward tube[J]. Nuclear
Engineering and Design, 2009, 239(2): 381-388.

[6] Jang P X, Zhao C R, Shi R F, et al. Experimental and
numerical study of convection heat transfer of CO, at
super-critical pressures during cooling in small vertical
tube[J].  International Journal of Heat and Mass
Transfer, 2009, 52(21-22): 4748-4756.

[7] Yang J, Oka Y, Ishiwatari Y, et a. Numerical investi-
gation of heat transfer in upward flows of supercritical
water in circular tubes and tight fuel rod bundliesJ].
Nuclear Engineering and Design, 2007, 237(4): 420-430.

[8] Xiaojing Zhu, Shinichi Morooka, Y oshiaki Oka. Numer-
cia investigation of grid spacer effect on heat transfer of
supercritical water flows in a tight rod bundle[J].
International Journal of Thermal Sciences, 2014, 76:
245-257.

[9] Wu G, Bi Q C, Yang Z D, et a. Experimental investi-
gation of heat transfer for supercritical pressure water
flowing in vertica annular channelg[J] Nuclear
Engineering and Design, 2011, 241(9): 4045-4054

[10] Yang Z D, Bi Q C,Wang H,et a. Experiment of heat
transfer to supercritical water flowing in vertica
annular channels[J]. Heat Transfer, 2013, 135(4):
676-709.

[11] Wang Han,Bi Qincheng,Yang Zhendong, et al. Experi-
mental and numerical study on the enhanced effect of
spiral spacer to heat transfer of supercritical pressure
water in vertical annular channels[J]. Applied Thermal
Engineering, 2012, 48(15): 436-445.

[12] Wang Han,Wang Weishu, Bi Qincheng,et al. Experi-
mental study of heat transfer and flow resistance of
supercritical pressure water in a SCWR sub-channel[J].
The Journal of Supercritical Fluids, 2015, 100:15-25.

[13] : : :

[J.
, 2014, 34(20): 3356-3361.



