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RELATIVE HOLDUP OF HEAT EXCHANGERS

FOR CIRCULATING FUEL SYSTEMS

C. 8. B Berglin

SUMMARY

This report sets out the relative holdup for tube type heat exchangers of
sodium-uranium suspension and bismuth-uranium solution systems for various sizes of
tube and tube wall thickness. It shows that based on a temperature difference of 50°C
the holdup in the heat exchanger for the sodium-uranium suspension is at least 6 times
that for the bismuth-uranium solution and as a conservative estimate may be taken as 8
times.

A table is included of the leading dimensions of heat exchangers for a
heat load of 500 MW with tubes of %" and 1** outside diameter respectively.
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INTRODUCTION

The purpose of this Paper is to present calculations on the basis of which heat exchangers -for -
sodium-uranium suspension and bismuth-uranium solution systems may be estimated. It has been assumed
that the fluid on the secondary coolant side is sodium with a constant film heat transfer coefficient assessed
as equal to 3000 B.Th. U/(hr)({ft2) (°F ) equivalentto 1,70 wates/(cm?) (°C), It is inevitable that ocutside
diameter of tube and tube pitch will have some effects on this value but at this stage of the survey, the addition
of this complication is not warcanted,  No account has been taken of the volume of the headers in the heat
exchangers or of the piping to and from the heat exch angers,

From the tables and diagrams it will be seen that though Niobium is three times approximately
a better thermal conductor fi‘ial; stainless steel, there is only 20% improvement in the relative holdup.

A study of the data presented indicates that improved designs of heat exchangers need to be
sought to reduce out of core holdup if full advantage is to be taken of other fnerits of circulating systems,

NOMENCLATURE-

q = Heat load ' ' .
AT = Tempezature drop inlet to outlet of heat exchanger

At~ Mean t;amper;ture difference across heat exchanger

o = No. of tubes o ) -

A = Cross sectional area of tubes
8 - Surface area of tubes

d; = Internal diameter of tubes

do = External diameter of tubes



\' = Volume of cubes
v = Velocity of primary coolant in tubes
P = Densit-y of primalry coolant
c = . Heat capacity of primary coolant -
K = Thermal conductivity of primary coolant
k = Thermal conductivity of tube wall mi;!tefial
by = Heat transfer film _cqefficient on secondary coolant side
k - Heat transfer film coefficient on primary coolant side
_ U | = . Ovesall heaL: wransfer coefficient - primaty coclans to seconddry coclant
L = Lengih of cubes
t = " Wall thickness of tubes
R «  Rating
RH = Relative holdup, He%xt Exchanger to Core

Formula Used in Calculatiorés

$ = alL.zd; = X 106 ornl = ] qx 106
o ,'EU. AT UAe wd]

+

£

V = alL.gd?2 = qx 106 7. 42 - 0.25 x 100

A UA::.nrdJ-L "4 U At

n = — q 1.4 X ,106
md;2 v. pC AT




L v g x 100 = 4 v. p. C.AT
n.U Ae. 7 d; 4 U At

Data Used in Calculations

AT  (for sodium) = 45:0°C
(for bismuth) = 150°C
At , = s0°C
Mean temperature of primary coolant = 450°¢C
5 iange (for sodium) 250° — 650°C
(for bismuth) 375° -~ 525°C
pNa = 0.841 gm/cm3 p Bi =~ 9.82 gm/em3
CNa = 1.272 joules/(gm)(°C) Cai w 0.151 joules/(gm) (°C)
= 0.304 cal/(gm)(°C) = 0.036 cal/(gm)(°C)
kNa ~ 0.683 watts/(cm?)(9C/cm) : kg;j = 0.155 watts/(em2) (°C/cm)
= 0.163 cal/(sec)(cm2)(°C/cm) ~ 0.037 cal /(sec)(cm2)(°C/em)
hy ~ 1.70 watts/(cm?)(°C) = 0.406 cal/(sec)(cm?)(°C/cm)

3,000 B. Th.U/(hr) (ft2) (°F)

i

k (Stainless steel) = 0.22 watts/(cm2)(°C/cm)

= 0.053 cal/(sec)(cm?) (°C/cm)



k (Niobium) = 0.60 watts/(cmz)(OC/cm)
= 0.144 cal/(sec)(cm?)(°C/cm)
k (Crolloy 5-81) = 0,26 watts/(cm2) (°C/cm)

= 0.062 cal/(sec)(cm?)(°C/cm)

d
1 (in terms of = 1 d;. In. i d.
inside surface —+ alia s
U tasice h 2k d, hg
of tube)
. 0.8
For Sodium h. ¢; = 7.0 4 0.025 f dv. p.C
k k
For Bismuth h. d; « 0.625 fdv.p C) 0.4
K K
Basis 1 MW ‘Heat Load
(a) For Sodium
e
S 2 x 104 cm2/Mw = 2 m/MW
U U
v - 5 x 103 cm3/MV = 5 di littes/MW
U U
o n = 2.98 x 103 per MW
L = 2.14 di.v. cm.

U



(b) For Bismuth

S = 2 m2/MW (as for sodium)

U .
v = 5 dilitres /MW (as for sodium)

U
n = 5.73 x 103 per MW

di2_° V.
L = 4,45 di. v, cm

U

For U/Na = 1:100 system, C = 1 kg/litre

e

. 12
So Rating = q = 12MW/kg for U/Na system
a2

For U/B1 = 1:1500 system, C = 1 kg/litre
: 140

So rating = q
vVC

it

140 MW/kg for U/Bi system
7

Based on 30 MW/kg in core :-

RH = Relative Holdup Heat Exchanger
Core

= 30V = 2,5V for:U/Na system
17

= 30V = 0.214V for U/Bi System
140 - ,



Table 1a

Table 1b

Table 2

Table 33‘.

Table 3b

Takble 3¢

Table 4

Ciagram 1

Diagram 2

Diagram 3

Diagram 4

TABLES

- L.

Primary Coolant -~ Sodium Values of 8,V.L and n for tubes of 0.3 to 0.5 cm.
inside diameter.

Primary Coolant - Sodium Values of S,V.L andn for tubes of 1.0 to 2.0 cm.
inside diametert,

Primary Coolant ~ Bismuth Values of §,V,L and n for tubes of0.4 to 2.0 cm.
inside diameter.

V,R,RH for and comparison of Sodium through stainless steel and Niobium

tubes and Bismuth through Croloy 5-8i tubes at velocity of 300 cm/sec.

V,R,RH for and comparisen for Sodium through stainless steel and Niobium
tubes and Bismuth through Croloy 5-8i tubes at velocity of 300 cm/sec.

V,R.RH for and comparison of Sodium through stainless steel and Niobium

at velocity of 800 cm/sec and Bismuth through Croloy 5-8i tubes at velocity
of 450 cm/sec. . .

Leading Dimensions of Heat Exchangers for Heat Load of 500 MW

DIAGRAMS

Plot of Relative Holdup versus inside diameter and wall thickness of tube for

Sodium through stainless steel and Niobium tubes and Bismuth through
Croloy 5-Si tubes at velomty of 100 cm/sec

Relative Holdup versus inside diameter and wall thickness of tube for Sodium
through stainless steel tubes at velocities of 100, 300 and 800 cm/sec.

Relative Holdup versus inside diameter and wall thickness of tube for Sodium
through Niobium tubes at veIocmes of 100, 300 and 800 cm/sec.

Relative Holdup versus inside djameter and wali thickness of tube for Bismuth

through Croloy 5-Si tubes of 100, 300 and 450 cm/sec,
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