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SUMMARY

n AAEC/E. 2, and shows that

This paper follows up one of the suggestions i
pact and has-a

the annular tube heat exchanger for circulating fuel systems is practical, com

reasonable out-of-core holdup.






It appears at first sight from  AAEC/E. 1 and-E. 2 that no real advantage-is
obtained by using coolant flows in excess of 300 cm/sec. For-an-annular tube heat exchanger
with the primary-coolant tubes inside the secondary coolant tubes, it is reasonable to use the
same flow velocity for both coolants, On this basis for a primary coolant tube 1.0 cm. inside
diameter and a wall thickness of 0.10 cm., the inside diameter of the outer tube = 1.56 cm.

Applying the expression

Deq = 0.75 0.30
hann—q h-tube Deq. Ro 3

k —

k

(See p. 5, AAEC/E. 2).

. . \ 0.8
and b e calculated from hD = 7.0 + 0.025 <)vc;>
k

and we have for v = 300 cm/sec.

@  begpe x 226 L 7.0 + 0.025 C).aéxsoo‘x 1272 x 0841\ 08
0.683 0‘683 '

= 7.0 -+ 0.025x 61.6

= 7.0 + 154 = 854
and hyppe ' - 8.54x0.683 = 16.2 watts/(cm?)(°C)

0.36
(i) R, = Do = 1.56 = 1.30
Di 1.2

(iif) l;‘aav.nn' = 0.75x hyype * R 0.30

0.75 = 16.2 x (1.3) 9-30

#

'0.7% x 16:2 x 1.08
= 13,12 watts/(cm2) (°C)

= 23,100 BThU/(hi)(f:2) (°F)



(iv) “for v_= 300 cm/sec. R

Thermal Resistance

primary coolant 1/h

tube wall d; In do/di
A

2k

secondary coolant

hg, dg.

_&_

U = 1.62 watts/(cm2)(°C)

v)

7]
]

= 2m2/MW
U
v :%di litres /MW

o per MW (as before)

= 642 cm
U

R = 12 MW/kg
Vv

‘RH= 2,5V

Na/$S ©  Equiv.

' Temp. Drop
0.140 11.3°.C
0.414 33.5°C
0.064 '5.2°C
Total = 50°¢C

0’618 _ﬁ__:.

‘Na/SS

.~ Annular Tube/SheIl
1.24 2,09
3,00 '5,22
10 10
396 670
3.88 2.30

7.7 13.0

Na/Nb

(.140
0.152

0.064

Total =

—————

0.356

e —

U = 280 wats/(cm?)(°C)

‘Annular
071

178

10

228

6.75

4.5

(vi) Summarising then we see that the pumber of tubes and

required will be :.

(a)-for 500’ MW Heatload

'3.96m lg,

5000'x '5000:x
6.70'm lg.

5000°x

'2.28'm lg.

Eqr:ﬁvf.

“Temp. Drop

19.7°C
21.3°C

9.0° C

50° C

l"

‘Na/Nb
“Tube/Shel]

1.56

3.91

10
502

'3.07

9.8

length of each tube

5000 x

5:02 m Ig.



(b} for 25 MW 250:x 250:x 250-x "250-x
Heatload 3.96mlg.  6.70'm lg. 2,28 m lg. 5.02m lg..

(c) for 10-MW 100-x 100 x 100 x 100.x
Heatload. ‘3,96 m lg. 6.70-mlg. 2:28'm lg. 5:02 m lg.

The calculations are now repeated for a velocity of 800 cm/sec which is probably
the highest desirable velocity to use,

(vii) forv = 800 cm/sec, -

. (a) we have htube %

7.0 +0.025 {0.36 x 800-x 1.272 x 0.841\ -8
| 0.683

7.0 + 0.025:x 135

7.0+ 3.38 = 10,38

50 Brybe = 10.33:x 0.683 = 19.72 wates/(cm?)(°C)
0.36
andh___ - 0.75x 19,72 x (1.3) 0-30
= (.75 x19.72x 1.08
= 15.97 watts/(cm2)(°C)
= 28,100 BThU/(hr) (ft2) (°F)
(b) Na/S$ Equiv, Na/Nb Equiv,
o ~ Temp. Drop - : Temp. Drop
“Thermal . \
‘tesistance : - :
ptimary-cool- -0.101 -8;0°-C 0.101 13.7°C
—.ant 1/h-tube
wall'd; Ind_/d; 0.414 32.9°C 0.152 20.7° C

2k



- -

Secondary Coolant 0.052 9,1°C 0.052 15.6°C
di X
— '50.0° C o 50.0°.C
hf‘ d
L. o5e 1 0.305
U - — u
- . : 2y 0 - ‘ Ny
U= 1,77 watts/{cm*){?C) U = 3.28'watts_/(cm Y(°C)
Na/ss  Na/Nb
Annular = - -Tube/Shell -Annular ~Tubé/Shell
S = 2 m¥/MW L13 201 0.61 1.49
u
'V = 5 dilitres/MW 2.84 '5.03 - 1.53 3.72
u
n per MW (as -before) 3.7 - 3.7 . 3.7 3.7
L = 1712 -cm 973 1722 _ ‘522 1271
R = 12MW/kg 4,22 2,38 ' 7:84 3.23
Vv
RH = 2.5V 7.1 ‘12,6 . 3.8 9.3
(¢) Summarising as -before, the number of tubes and length of each tube required will -be
‘Na/8S ‘Na/Nb
Annular -Tube/Shell -Annular Tubg/She_ll
{(a) for- S00:MW 1850:x 1850:x 1850:x 1850 x
Heatload : -9.73-m g, 17:2'm lg. . 5.22'm:lg. 12.7mlg,
(b) for 25-MW 93 x 23 . 93 z 93z
Heatload 2,73 m lg. 17.2m lg. 5.2mlg. . 127mlg.
(c) for 10'MW 37x 37'x 37 x . 37x

Heatload 9.73-m lg. 17.2 m lg. 5.22 m 1g. 12,7 m 1g.



(viii) Repeating the calculations for 2 cm i.d..and:0.10 cm wall thickness, we have 1~

As before, -Ddz = Diz + Di?
= 22 4 o222
= 884
-and'D | =\/m = 2,97
and-Ro = D_o 5 _2.9_7 = 135
‘Di 2,2

(ix) forv = 300 cm/sec

) ‘0.8
(a) -Again htube-Deq = 7.0 + 0.025 0.57 x 300.x 1.272:x-0.841
K 10.683
= 7-0 '+ 0.025:x 87,5
= 7.0 + 2.19 = 9,19
‘80 htui:e = 9.19.x0.683 = 11.02 watts/(cmz)'(OC)
0.57
andh__ = 075 x0.57 x (1.35)0-30
= 0,75-x 11.02 x 1.093
= 9.03 watts/{cm?)(°C)
= 15;900:BThU/(hc) (£t2)(°F)
(b)
Thermal Resistance  Na/SS ‘Equiv, ‘Na/Nb -Equiv.
“Temp. Drop. Temp. Drop.
primary coolant-1/h 0,226 12;2°C 0.226 17.4° C
tube wall ' :
d In do/di 0.432 23:.4°C 0.158 12.2°C
2k
-gsecondary -coolant
d.
! 0.101 14:4°.C 0.101 '20.4° C

hf do



50.0°C : ' ' 50.0°°C
1 = 0.759 1 = 0,485
Eil Kl
U = 132 watts/(cm2)(°C) U = 2.06 watts/(cm?)(°C)
Na/SS - Na/Nb
Annular Tube/Shell ‘Annular -Tube/Shell
S e 2 mZ/MW L52 2.39 4.12 1.84
U
V = 5 di litres/MW, 7.6 5.97 4.85 4.60
n perlglw 2.5 2.5 2.5 2.5
L = 1284cm 975 1540 623 1180
U
‘R = 12 MW/kg 1.58 2:.01 "2.47 . 2.61
v
RH = 2.5V 19.0 14.9 12.1 115

(c) Summarising as before, the number of tubes.and length of each tube required

will be 3-

(a) for 500 MW 1250 x 1250 x 1250 x 1250 x

"Heatlpad 0.75 m ig. 5.4 m lg, 6.23.m Ig. 1.8 m lg.

(b) for 25 MW 63 x 63 .x 63 x 63 x

"Heatload 075 m lg. 15.4 m lg. 6.23m lg. 11.8'm lg.

(c) for 100MW 25x 25 25x 25x

Heatload 9.75m lg. 15.4 m Ig, 6.23.m lg. 11.8'm lg.

(x) For v = B0O-cm/sec.

(@ bype D = 7.0 + 0:025 0.57-x 800 x 1.272 x'0L841) 0.8

'S 0.683

= 7.0 + 0.025x 192

= 7.0 + 4.80 = 11.80



soh . - 11.80%0.683 = 14.14 watts/(em?)(°C)
0.57
and h-alml = 0.75 x 14.14:x (1.35) 0-30
= (.75 x 14.14.x 1.093
= 11.60 wattg/cm?) (°C)
- 20,400 BThU/(hr) (ft2) (°F)
(b) Na/SS -Equiv Na/Nb Equiv.
Temp. Drop Temp. Drop
Thermal Resistance
ptimary coolant 1/h  -0.145 9.7°C _ 0.145 15:4° C
tube wall '_
di In__do/di 0.432 20:0°°C 0.158 16.7° C
2%k
secondary-coolant 0.078 11.3° C 0.078 17.9° C
di
hf. do
-50.0°.C 50.0° C
I o= 0657 I = 0381
U ‘ U
U = 152 watts/(cmz)(OC) U = 262 watts/(cmz)(OC)
Na/SS Na/Nb
Annular “Tube/Shell Annulag “Tube/Shell
S = 2 m%/ MW 1.31 2.22 0.76 1.68
U
V = 5 d litres MW 6.57 '5.56 3.81 - 4.19
U
n per MW (as before) 0.93 0.93 0.93 0.93
L = 3420-cm 2250 3810 1302 2870
U
R = 12 MW/kg 1.83 "2.16 3,15 2.86
v

RH = 2.5V 16.4 13.9 9.5 10.5



(a) for 500 MW 465 x 465 x 465 x 465 x
Heatload 22.5m lg. - 38.1'm-lg. 13.02 m Ig. 28.7'm 1.
(b) for 25 MW 24 x 24'x 24 x ‘24-x
Heatload 22.5m lg. -38.1'm lg, 13:.02'm lg. 28.7:m lg.
{c) for 10 MW 10x 10 x 10x 10x
Heatload 22.5m lg, 38.1'm lg, 13.02 m lg. 2B.7 m lg,
(xi1) Sﬁmmarising we have :-
-di = 1.0 em di = 2,0 cm

"Na/SS Na/Nb ‘Na /88 Na/Nb
v cm/sec 300 "800 300 BOD 300 "800 300 800
V litres/MW :3.09 '2.84 [1.78 1.53 7.6 6.57 4.85 3:81
R MW/kg 3.88 4,22 6.75 7.84 1.58 1.83 2.47 3.15
‘RH 7.7 7.1 4.5 3.8 19.0 16.4 12,1 9.5

This shows that there is a considerable increase in relative holdup using the

larger bore tubes and again that there is not much advantage gained by using a velocity in
excess of 300.cm/sec,



