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Visualization study on pressure drop and superimposed oscillations
under low pressure natural circulation in rectangular channel

ZHANG Wenchao, JTAO Qi, ZHOU Yunlong, YANG Mei, JIN Guangyuan, DU Lipeng
(School of Energy and Power Engineering, Northeast Electric Power University, Jilin 132012, Jilin, China)

Abstract: With deionized water as working fluid, visualization technique was used to study pressure drop and
superimposed oscillations of low pressure natural circulation in rectangular channel. Gas-phase distribution
images captured during oscillation processes were compared with flow pulsation curve to assess physical process
and mechanism of flow oscillation. Four types of dynamic instabilities were found in the study, i.e., density wave
oscillation by gravity (DWO 1), pressure drop oscillation (PDO), superimposed oscillation (SPO), and density
wave oscillation by friction (DWOu). Due to squeezing effect of rectangular channel and compressible space
limitation within surge tank, working fluid flew cyclically between surge tank and circulation circuit and generated
pressure drop oscillation (PDO). With increase of heating power, superimposed oscillation was formed by
overlapping PDO and DWOu. The onset points of both oscillations tended to diverge with increase of inlet
overcooling degree, and such diverging tendency enlarged when system pressure was increased. DPO instability
boundary curve was plotted against dimensionless parameters, such as overcooling degree and phase change.
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Fig.1 Narrow rectangular natural circulation test loop

1—preheater; 2—test section; 3 —high-speed camera;
4—heat-exchanger; 5—surge tank; 6—main pump;
7—regulating valve; 8 —electromagnetic flow meter;

9—cooling tower; 10—coolant box; 11— cooling water pump
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Fig.2 Schematic diagram of rectangular channel experimental
section
1—visual window; 2 —pressure body; 3 —bolt; 4—cooling runner for gasket

ring;5 —heating plate; 6 —rectangular channel; 7—insulated gasket ring
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Table 1 Experimental parameter

Parameter Working condition

system pressure (P;,) 0.1—0.25 MPa
inlet subcooling ( Tyy) 35—70°C

heating power (Qesy) 4.5—13.0 kW
vapor qualities (x) 0.1—0.3
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Fig.3 Flow variation curve of pressure drop oscillation
(Te=71.9C, P;;=0.156 MPa, Q.=8.11 kW)
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Fig.4 Images of pressure drop oscillation
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Fig.5 Flow variation curve of superimposed oscillation
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Fig.6 Images of superimposed oscillation
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