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Figure 1.a) Schematic design of the test device: 1)Tank, 2)Pump, 3)Flow meter, 4)Preheater, 5)PID, 6)Test
Section, 7)Autotransformer, 8)Stabilizer, 9)Data acquisition system, 10)Compute
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Figure 2.b) General view of the test device, Tofeft image: Water storagetanks and Preheater, Topright image:
Test section, Bottoraleft image: Location of camera, Bottomright image: Test device
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Figure 3. Schematic design of test section
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Table 1. Uncertainty values of key parameters
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Table 2: Comparison of experimental results with Shah's equation for hedtansfer subcooled flow boiling [23]
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Figure 3. Boiling curves for 4| Vo R 3 in the vertical annulus tube at mass flow rates of a)0.012 kg/s, b)

0.0286 kg/s at fixed axial positions of z=45cm.
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Figure 4. Variations of heat transfer coefficient at the mass flow rate of 0.02 kg/s at fixed axial positions of
z=45cmunder various heat fluxes
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Figure 5. Effect of heat flux on bubble behavior on the surface at subcooled flow boiling at the mass flow rate of
0.02 kg/sand inlet temperature of 50 a) for =281 "W and b) for q=201 "W
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Figure 6. Variations of heat transfer coefficient at the mass flow rates of 0.012, 0.02 and 0.0286kg/s under
various heat fluxes in the vertical annulus tbe at fixed axial positions of z=45cm
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Figure 7. The effect of inlet subcooling on the heat transfer coefficient at the mass flow rates of a)0.0286 kg/s, b)
0.02 kg/s under various heat fluxes in the vertical annulus tube at fixed axial positions of z=45cm
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Figure 8. The porous effect on the heat transfer coefficient in vertical annulus tube at the mass flow rates of
a)0.0286 kg/s, b) 0.02 kg/s in inlet subco
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Measurement of SibcooledFlow Boiling Heat
Transfer Coefficientin Vertical Annulus Tube
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ABSTRACT
The boiling heat transfer, especially thesubcooledflow boiling, is one of the cooling systems being used in

industries due to their high heat transfer coefficient. Thesubcooledflow boiling happens when the bulk flow
temperature and the interface temperature are lower and higher, respectively than the saturated temperature
corresponding to the flow pressure. In the current study, an experimental apparatus was constructed, and
subcooledflow boiling in an annulus tube was investigated. The annulus tube is in the vertical direction, and the
internal and external diameters are 50.7 and 70.6 mm. The operating pressure was 1 atm, and the working fluid
was water. In this investigation,heat flux, mass flow rate andthe inlet subcoolingeffectiveness on heat transfer
coefficient are considered. The experiments were performed in the mass flow rate range of 0.012 kg/s to 0.0286
ka/s in which the flow consists of both forced convection arftbw boiling. The results show that the heat transfer
coefficient is highly dependent on heat flux in a direct relationshipT he mass flow reduction causes heat transfer
coefficient increments to 30% insubcooledboiling regions. The use of porous media &b increases the subcooled
flow boiling heat transfer coefficient up to 30%.The validation of empirical results has also been done with valid
previous reports.
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