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JRR-3 uses shell and tube heat exchangers. The secondary coolant flushes into the tubes 
and the primary coolant flows outside of the tubes. The heat exchangers are cleaned with the 
ball-cleaning method, which is a method to clean inside of the tubes by passing the sponge 
balls with secondary coolant. Decline in the performance of heat exchanger could rise 
temperature of the primary coolant and then influence the safe and stable reactor operation. 
The effective way of ball-cleaning for JRR-3 heat exchangers is examined based on past 
cleaning data. The results show the optimal ball size and the way to determine the cleaning 
time.

Keywords Research Reactor, JRR-3, Cooling System, Heat Exchanger, Ball-Cleaning 
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JRR-3 Japan Research Reactor No.3
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1 JRR-3
1
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2. JRR-3

JRR-3 2 11
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3. JRR-3

2
2

JRR-3
W/m2 K

3.1
Fig.3.1 2

3.2
2 1

( 17 )
2

3

3.3

1

Table3.1

Fig.3.2 Fig.3.5 1 No.1 No.2
10-04 11-01

17.5
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Table3.1
1
No.1 No.2

(W/ m2 ) 1876 1583 1535 

(W/ m2 ) 2288 1866 1800 
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4.

JRR-3 3 5 20 9
9 4 R3-09-04

6 R3-09-04 09-06 09-07 10-02 10-04 11-01

4.1
2

Table4.1

4.2
6 R3-09-04

6 R3-09-04 09-06 09-07 10-02 10-04 11-01
/ 85

JRR-3 90 90
17

Table4.2
19 09-04 1 No.2

90 82
18 09-06 1 No.1

62 52
R3-10-02 160 m3/ 198 m3/

63 18
19

09-04 09-07 18 17

17 09-04 10-02
1 No.1 09-04

90 10-02 09-04

17.5 10-04 11-01
94

160 m3/ 100
17.5

10-04
7

2

Table4.3

4.3
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17.5
Table4.4 Table4.7 1 No.1 No.2 10-04

11-01

Fig.4.1 Fig.4.4

Table4.8

Table4.1

:

+ABS
1.15 1.16 1.06 1.14

0.35 0.40 0.30 0.40

 300 400 25  350 500 20

 10

0 1 2.0

( )
50,000  50,000
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Table4.2

No m3/

19 100 82 82 R3-09-04 1
No.2 3200   

18 50 50 100 R3-09-04 1
No.1 3200

100 62 62 R3-09-06 1
No.1 3200

50 26 52 R3-09-06 160   18

100 63 63 R3-10-02 198   

17 192 174 90.6 R3-09-07 1
No.2 3500

100 89 89 R3-09-04 3200  
17

100 83 83 R3-10-02
1

No.1 3500

100 94 94 R3-10-04 1
No.1 3500

100 97 97 R3-11-01 1
No.2 3500

50 50 100 R3-11-01 16017.5

50 50 100 R3-11-01 160   
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Table4.3 1/2
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Table4.3 2/2
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Table4.4 1 No.1

W/ m2 W/ m2

1640 390 2
1720 310 1
1820 210 4.5
1870 80 1
1875 255 5
1900 100 3
1900 160 4
1920 80 3
1920 130 1.5
1920 130 2
1960 130 2
1980 75 1
1990 130 4
1990 130 3
2000 80 1
2010 80 3
2010 90 2
2030 70 3
2050 80 3

Table4.5 1 No.2

W/ m2 W/ m2

1650 350 2
1730 190 1
1770 160 4
1800 180 5
1820 110 3
1840 175 1
1850 150 3
1860 80 3
1860 60 2
1870 190 4
1880 120 4
1900 80 2
1900 100 4
1900 120 3
1910 90 1.5
1950 70 3
1950 70 4
1970 60 3
1980 50 2

�����������������������

����



Table4.6

W/ m2 W/ m2

1500 340 1
1595 345 0.67
1640 400 1
1710 340 0.67
1760 310 1
1910 230 3
1970 100 1
2020 80 1
2030 120 1
2040 130 2
2050 150 1

Table4.7

W/ m2 W/ m2

1490 630 0.67
1520 700 1
1620 450 1
1640 700 1
1650 550 0.67
1740 260 1
1740 480 1
1800 320 1
1860 390 1
1950 220 3
2020 200 1
2030 100 1
2080 150 1
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Table4.8

1 No.1 

W/ m2 W/ m2

1720 300 400 2
1730 1875 200 250 5
1880 1900 100 160 4
1910 1990 80 130 3
2000 2050 80 3 

1 No.2 

W/ m2 W/ m2

1650 350 2 
1660 1850 110 190 5
1860 1910 60 190 4
1920 1980 50 70 4

W/ m2 W/ m2

1500 1760 310 400 1
1770 1910 230 3
1920 2050 80 150 2

W/ m2 W/ m2

1520 630 700
1530 1650 450 700
1660 2020 200 480
2030 2080 100 150

1
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Fig.4.1 No.1 1
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Fig.4.2 No.2 1

�����������������������

����



Fig.4.3 1
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Fig.4.4 1
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5.

5.1
Table5.1

5.2
Table5.2 [1] JRR-3 1

2

Table5.1 

1

1
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Table5.2 [1]

    JRR-3 JRR-2 JRR-4 JMTR 

       2
U
2 1 2 U

       2 2 2 3 
  (m2/ ) 1060 266 142 1100 

   2
)

1
( )

1 1

   1 2
)

2
)

2
)

1650 950 550 1600 
5350 4447 5132 10150 

(kg/cm2) 8.0 5.27 5.0 5.0 
SUS304L SUS304 SUS304 SS41 

19.0 15.9 15.9 19.0 
1.0 1.2 1.2 1.2 

3485 6500 5132 8550 
( / ) 5496 825 341 1152 

(kg/cm2) 8.0 5.27 5.0 20.0 
SUS316L SUS304L SUS304L SUS27 

M 20 10 3.5 50 
3/ 1200 1134 420 2000 

Ti1 42.06 54.0 50.0 55.0 

Ti2 35.0 47.07 42.8 47.0 
3/ 1450 772 432 1300 

To1 30.0 27.5 32.3 31.0 

To2 35.83 38.7 39.3 43.0 

   0.0001 0.0002 0.0002 0.000276 
2 /kcal    0.0001 0.0001023 0.00015 0.000307 

kcal /m2h ) 1613 1256 1117 1252 

1 * El 0.59 0.26 0.41 0.33 

   
   

   

/ W/m2 9.2 18.8 12.3 15.1 

* Til Ti2

Til Tol
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6.

JRR-3

1 17.5
2 1 1876 W/ m2

1583 W/ m2

1535 W/ m2

3 Table4.8

[1] JRR-4 JAERI-Tech 2005-001 2005
[2] 1976
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A1 JRR-3
JRR-3 TableA1.1 A1.3

TableA1.1 1
   

       2

       2

2 ) 1

ci cm2 1  1
3 h 1450 1200 

30 42.06 

35.83 35 

(
 ) 

 MW  9.75 8.39 106 kcal h
3 h 1450 1200 

30 42.06 

20.83 35 

(
 ) 

 MW  9.75 8.39 106 kcal h
3 h 1450 270 

30 35.14 

30.12 35 

W 200 1.72 106 kcal h

m2 1060 1081 2 *1

6 2 

5110 

1650 14

1650 14

16

90

19 1.0

 5496 2

36900 
59500 

*1
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Table A1.2

    

       2

       1

2 )

ci cm2 1  1
3 h 140 70 

30 42.43 

34.15 35 

(
 ) 

W  670 5.77 105 kcal h
3 h 140 70 

15 42.43 

19.15 35 

(
 ) 

W  670 5.77 105 kcal h
3 h 140 70 

30 35.11 

30.06 35 

W 10 8.6 103 kcal h

m2 69 70 2 *1

8 2 

2980

600 8

600 9

9

50

19.0 1.0 

 600 2

3970

5750
*1
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Table A1.3

     

       

       1

2 ) 1

ci cm2 1  1
3 h 150 70 

30 35 

30.72 33.45 

(
 ) 

W  125 1.08 105 kcal h
3 h 150 70 

15 18.05 

15.72 16.5 

(
 ) 

W  125 1.08 105 kcal h

m2 23 24 *1

2 1 

3013

550 8

550 9

9

55

19 1.0

244

1700

2330
*1
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A2
W/m2 K

[2]

(3-1)
Q W (t1 t2) 3-1
(3-2

3-2

(kcal/h)

(kg/h) 1200 m3     1 No.1 No.2 
70 m3        
140 m3       

c (kcal/kg )  c 0.998 1
c 1.008    

(kg/m3) 992.8(kg/m3) 1
                  1100(kg/m3)

1 1  ( )
2   1  ( )
’1 2  ( )
’2 2  ( )

(m2) 1060 m2  1 No.1 No.2 
69 m2    
23 m2    

1.1629 (kcal/ m2 h ) (W/ m2 )

1.1629

( 1 ’2) ( 2 ’1)
           

 ln [( 1 ’2)/ ( 2 ’1)]    

           ( ’2 ’1) ( 1 2)
      = 

2.303 log10 [( 1 ’2)/ ( 2 ’1)]
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A3

2 15

2
2 50 100

1 No.1 No.2
33 57 3200 / 3400 /

41 46 170 / 195 /
5 1

90 30

1.3m/s
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