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ABSTRACT 

 
Transient convection heat transfer was experimentally studied for a horizontal cylinder in helium gas under flow decay 

conditions. The experiment was conducted by using helium gas as the coolant, and a platinum cylinder as the test heater. A 

uniform heat generation rate was applied to the cylinder. The cylinder temperature was maintained at a design value under 
a specific initial flow rate and heat generation rate. Then, the flow rate of the helium gas started to decrease according to 

the designed linear functions, with different flow decay times. The surface temperature of the cylinder and the heat flux 

were measured during the flow decay transient process for various flow decay times, initial flow velocities, and heat 
generation rates. It was found that the temperature of the cylinder increased rapidly for a shorter flow decay time during 

the flow decay process. The increment of the surface temperature difference was higher for a higher heat generation rate. 

The transient heat transfer coefficient was also obtained during the flow decay process. It was clarified that the heat 

transfer coefficient decreased to a constant value for each flow decay time for a definite heat generation rate and a definite 
initial flow velocity, and the decrease rate was higher for a shorter flow decay time.  
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Nomenclature 

ch : Specific heat of test heater [J/(kg∙K)] 
D : Diameter of the test heater (cylinder) [m] 

h : Heat transfer coefficient [W/(m
2
∙K)] 

m : Flow rate [L/min] 

: Heat generation rate per unit volume [W/m
3
] 

q : Heat flux [W/m
2
] 

r : Radial distance in the cylindrical coordinate system [m]       
R : Radius of the test heater (cylinder) [m] 

T : Temperature [K] 

Ta : Average temperature of the test heater [K] 
Tb : Bulk temperature [K] 

Ts : Average surface temperature [K] 

T: Surface temperature difference, T =Ts-Tb [K] 

t : Time [s] 

tdecay : Flow decay time [s] 
U : Velocity [m/s] 

 : Thermal diffusivity [m
2
/s] 

: Thermal conductivity [W/(m∙K)] 

h：Density of test heater [kg/m
3
] 
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