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AAbbssttrraacctt 

  

 

The objectives of this research are to experimentally investigate the thermal performance 

and the suitable heat source arrangement of a closed-loop pulsating heat pipe with multiple heat 

sources (CLPHP w/MHS), and to establish the fundamental knowledge for actual applications. A 

CLPHP w/MHS was made of a long copper capillary tube, bent into an undulating tube with 32 

meandering turns, and connected both ends to form a closed-loop tube. Three internal diameters 

were chosen as of 1.06, 1.50, and 2.03 mm. R123, ethanol, and water was used as working fluid 

with filling ratio of 50% by total volume. The CLPHP was oriented to be on vertical and horizontal 

plane. The evaporator section consisted of 3 heat sources. Each heat source supplied heat input 

by electrical plate heaters which could be chosen from 1, 3, and 5 kW/m2. Experiments were 

conducted by varying the heat source patterns in 6 possible sets of arrangement where the heat 

fluxes of each heat source in the same set are always different. In each arrangement, the 

adiabatic section temperature was controlled at 50±3 oC. After system was in steady state, 

temperatures at all points and mass flow rate of cooling medium in a condenser section were 

simultaneously measured in order to calculate a thermal resistance per unit area of the heat pipe. 

It was found from the study that, in a case of the vertical CLPHP, the highest thermal 

performance is achieved when heat sources are placed in consecutive order from the lowest to 

the highest heat flux, beginning from the inlet of the evaporator section Since this heat source 

arrangement promotes the working fluid to circulate in absolutely one-direction flow. However 

when heat source with the highest input heat flux is located closer to the condenser section, the 

possibility of the critical state to occur decreases. Moreover, in a case of the horizontal CLPHP, 

the highest thermal performance is achieved when heat sources are placed in consecutive order 

from the highest to the lowest heat flux, beginning from the inlet of the evaporator section. 

Because this heat source arrangement promotes the working fluid to circulate in pulsating motion 

with no intermission-stop. 

 

Keywords: closed-loop pulsating heat pipe, multiple heat sources, heat source arrangement, 
thermal performance, thermal resistance 
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  9 

kW/m2  

  

 

  

 

   50 ± 3 oC 

 

4

5

6

7

8

9

10

1 2 3 4 5 6

D  = 1.06, R123 D  = 2.03, Water
D  = 1.50, R123 D  = 1.50, Ethanol
D  = 2.03, R123 D  = 2.03, Ethanol

Set number of heat source arrangement

H
ea

t f
lu

x 
(k

W
/m

2 )

Di Di

Di Di

Di Di



  

MRG5380213   4   

 39  

 

   

 (Thermal resistance, Z) 

 

 “ ” (Thermal resistance per unit 

area, z) 

  

  

   ( ) 

 ( ) 

 ( )  ( ) 

  

 

 

 

 ( )  ( )   ( ) 

  ( )  ( ) 

  ( )  

   

 4.2 

 

 
 ( )  ( ) ( )  ( ) 

 

 4.2   

 

 

 

h = 100 m

Q = 100 m3

100
z 1.0

100
h = 60 m

60
z 0.6

100

Q = 100 m3 
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4.1.2  

  1   6 

  4.3 

 1.50 .  1  6 

 3.0  3.3 3.8 5.6 6.3  6.3 m2-

K/kW   R123   5.6 

 6.1 6.1 6.8 7.1  7.2 m2-K/kW   

 2.03 . 

 1  6   3.3  

3.5 3.6 3.8 3.8  3.9 m2-K/kW   5.4  5.3 5.5 5.7 5.7  5.9 

m2-K/kW   9.0  9.4 9.4 10.1 9.9  10.8 m2-K/kW 

  R123     

 

 
 

 4.3   

(Vertical CLPHP, Le = 150 mm, N = 32 turns) 

 

  1 
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 2 3 4  5 

  

 6 

 

 1  

  

 1 

 

 (Completely one-direction flow) 

  

 [2]  

  

 

 

  

  

 

  

 

 

 

 

  

 

 

 [16, 18] 

 6 

 

 (Pulsating flow)  

 

  

 



  

MRG5380213   4   

 42  

  

  

(Complete condensation)  

 

  [2] 

 

  

 

 

 

 

  Ta1  Ta2 

  Ta3  Ta4 

  

 

 Ta1  Ta2    Ta1 

 Ta2   

 

 1.50 .  R123  

 1 4  

6  4.4 

 1 

 

   

 

 [18] 

 1  

 4  

 

  (Incompletely one-direction 

flow)  1 

 6  
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 4.4   

(Vertical CLPHP, Le = 150 mm, N = 32 turns, Di = 1.50 mm, R123) 

 

 

   

 

  

 

 

4.1.3  

 1 

  

  4.5  R123  

 1.06  1.50  2.03 mm 

 4.0  3.0  3.2 m2-K/kW  

  1.06  1.50  2.03 mm 

 21.2  5.6  5.4 m2-K/kW  

  1.06 
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 1.50  2.03 mm  70.1  

38.0  9.0 m2-K/kW  

 

 
 

 4.5   

(Vertical CLPHP, Le = 150 mm, N = 32 turns, Set 1) 

 

  

 

  

   

 

 1 

  

  

 

 4.5  

 

 1.06 mm 

 70.1 kW/m2  

 

0
10
20
30
40
50
60
70
80

0.5 1 1.5 2 2.5

Set 1, R123 Set 1, Ethanol
Set 1, Water

Internal diameter (mm)

Th
er

m
al

 re
si

st
an

ce
 (m

2 -
K

/k
W

)
Th

er
m

al
 re

si
st

an
ce

 (m
2 -

K
/k

W
)



  

MRG5380213   4   

 45  

 

 (Dry-out)  

 (Critical state) [21] 

 (Slug train)  (Co-current annular flow) 

 [18] 

 1.50  2.03 mm  

  

  

 

 

  

  

  

 

 

 

(Slug train)   Maezawa’s criterion [12] 

 

 

 [13, 

22]  [23, 24] 
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4.1.4  

 

 

      

  

 

 

 (hfg)  3  R123  

  161, 1,000  2,382 

kJ/kg  

 2.03 mm  

 R123    

  4.6 

 2.03 mm  161  1,000 

 2,382 kJ/kg  3.3  5.4  

9.0 m2-K/kW   1  3.8 

 5.7  10.1 m2-K/kW   4 

 3.9  5.9  10.8 m2-K/kW  

 6 

 

 
 

 4.6   

(Vertical CLPHP, Le = 150 mm, N = 32 turns, Di = 2.03 mm) 

 

0
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  R123 

   

 R123 

  

  

  

 

  

 

  

  

 

 

  

 (Maximum heat flux) 

 

 [18]  

 R123 

    

  

 

 

 

 

 [13] 

 

    R123  

  R123   
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4.1.5  

 

 1.06 mm 

  1  2  3 

 

   21.2  20.6  23.0 m2-K/kW  

 4  5  6  12.3 

16.0  15.6 m2-K/kW   

 1  2  3 

 73.7 70.1  68.9 m2-K/kW  

 4  5  6  57.1 51.8 

 53.6 m2-K/kW   1.06 . 

 R123   

 1  6 

    4.0  4.3 4.3 4.9 5.6  5.9 m2-

K/kW   4.7 

 

 
 

 4.7   

(Vertical CLPHP, Le = 150 mm, N = 32 turns)   
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   1 2  3 

 

  (Dry-out)  (Dry patch) 

  

 

 

 

 [18] 

 

 R123   

 4.1.2   

 

  R123  

  

 

 

  4.1.2 

 

 (Concurrent slug-train)  (Co-current 

annular flow) [18] 
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4.2  

  

 

 

 

 

4.2.1  

  1   6 

  4.8 

 1.50 .  1  6 

 5.1  5.5 5.5 6.1 6.6  6.3 kW/m2   

R123   4.4  4.9 5.1 5.9 5.5  5.7 kW/m2  

 

 2.03 .  1  6 

 3.3  4.3 4.5 5.4 5.6  6.1 kW/m2   3.5  

4.5 4.7 6.0 5.9  6.2 kW/m2   4.8  6.3 7.2 7.3 7.3 

 7.8 kW/m2   R123     

 

 
 

 4.8   

(Horizontal CLPHP, Le = 150 mm, N = 32 turns) 
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4.2.2  

  1   6 

  4.9 

 1.50 .  1  6 

 18.2  15.0 16.0 13.4 9.5  8.8 m2-

K/kW   R123   33.5  

30.4 25.1 19.0 17.9  17.4 m2-K/kW   

 2.03 . 

 1  6 

 20.7  14.7 16.5 11.8 10.3  9.2 m2-K/kW   39.4  

32.0 27.3 15.3 15.6  15.3 m2-K/kW   23.0  17.7 16.4 14.6 14.9  

14.5 m2-K/kW   R123     

  1 

 

    

 2 3 4  5 

  

 6 

 

 6  
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 4.9   

(Horizontal CLPHP, Le = 150 mm, N = 32 turns) 

 

 6 

 

 

  

(Pulsating flow without intermission stop) 
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 [25] 

 

 

   

 

 4  

 

   

 

  1 

   

 

 

 

 

 

 

 

  

  

 

 [25] 

 

  

 

  

  1 
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 (Pulsating flow with intermission stop) 

 

  Ta1  Ta2 

  Ta3  Ta4 

 

  1.50 .  

 

 1 4  6  4.10 

 

 
 

 4.10   

(Horizontal CLPHP, Le = 150 mm, N = 32 turns, Di = 1.50 mm, Ethanol) 
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 6  

 

 

  Te1  Te2 

 Te3  Te4 

  Te5  Te6 

 

 

 1.50 .  

 1 4  6 

 4.11 

 

 
 

 4.11   

(Horizontal CLPHP, Le = 150 mm, N = 32 turns, Di = 1.50 mm, Ethanol) 
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228.9 oC 
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  4 

   96.6 oC 

 

 Te4  125.3 oC 

 28.7 oC 

 

  6 

   90.3 oC 

 

   

 104.5 oC 

 

 

  

 6  

 

 

 

   

 

   

  

 

4.2.3  

 6 

  

  4.12  R123  

 1.06  1.50  2.03 mm 

 13.5  8.8  9.2 m2-K/kW  

  1.06  1.50  2.03 mm 


