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Heat Transfer Characteristics and Flow Situations of Forced Convective Boiling
inside Helically Coiled Tube

Mutsuhito DAIGASE™ , Niro NAGAI® and Shinji YOSHIKAWA**

(Received January 31, 2007)

The helically coiled tube of heat exchanger is used for the evaporator of prototype fast breeder

reactor "Monju". This report aims at the grasp of relation between two-phase flow phenomena and
heat transfer characteristics of forced convective boiling of water inside helically coiled tube,

especially focusing on oscillation of transition point. A transparent double tube made of glass is

used as a heat exchanger. Water flows up inside helical tube and the high temperature oil flows

down in the outside tube. The oscillation of the transition point was observed, that is mainly

caused by intensive nucleate boiling near the dryout point and evaporation of thin liquid film

flowing along the surface. Fluctuations of local heat flux, local temperature, pressure and flow

velocity can be explained with relation to visualized flow situations.
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Fig. 1 Outline of experimental setup
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Table 1 Characteristics of heat flux sensor

Maker Captec

Sensor size[mm] 1010
Before After
Serisiivily Sensorl 0.885 0.531
[LV/(W /)] Sensor2 0.900 0.318
Sensor3 0.935 0.623
Sensor4 0.994 0.680

Type Flexible

Table 2 Dimensions of the helically coiled tube

Radius of curvature:R 14 mm

Outside diameter of helically coiled 7.4 mm
tube:2r,

Inside diameter of helically coiled 5.0 mm
tube:2r;

Thickness of helically coiled tube 1.2 mm

Length of outer tube:L 380 mm

Number of rolling 38
Pitch:p 10 mm
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Fig. 2 Detail view of the helically coiled tube
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Fig. 4 Fluctuation of heat flux @ and outside surface
temperature (2)(inlet velocity 0.0425m/s)
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Fig. 5 Fluctuation of flow velocity and inlet pressure
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Fig. 6 Fluctuation of ransition point (inlet velocity

0.0425m/s)
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Fig. 7 Flow situation (inlet velocity 0.17m/s)
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Fig. 8 Fluctuation of heat flux & and outside tube skin

temperature (@) (inlet velocity 0.17m/s)
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Fig. 9 Fluctuation of floe velocity and pressure (flow rate

0.17m/s)
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Fig. 10 Average heat flux and inlet oil temperature
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Fig. 11 Average heat flux and inlet velocity
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Fig. 12 Average heat flux and position of sensor (inlet
velocity 0.0425m/s)
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Fig. 13 Average heat flux and position of sensor (inlet
velocity 0.17m/s)
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Fig. 14 Average surface temperature and position of
sensor (inlet velocity 0.0425m/s)
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Fig. 15 Average surface temperature and position of
sensor (inlet velocity 0.17m/s)
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Fig. 18 Heat flux amplitude and flow rate
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Fig. 19 Heat flux amplitude and position of sensor
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