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576 Mwt Natural Convection
Molten Salt Reactor Study 4

: Introduction

(1 2) of molten salt natural convectlon,reactors

Studles héve been made
of 5 Mv and 60 M thermal output. The following study of & 576 natural
convection reactar was made to compare with the famlly of‘large molten salt
reactors being presentLy studied. o . ’

The chzef purpose of this study is'to determlne the approximate size
of the components and fuel volume of the fuel circuit of a 576 Mw natural

convection molten salt reactor

Riser Calculations

For the puépéée of this study a rather'siﬁyle cohfiguraﬁion of . reactof,
heat exchanger, and piping Was chosen as shown in Flg. I.. All calculatlons
vere done on the ba51s of one heat exchanger and one set of rigers and down—
comers. Slnce the frictlonal losses in the plplng are determined prlmarlly
by the expanalon and contractlen logses. and are 1nsentit1ve to wall frlcﬁlon,
the 81 ngle riser can be ‘replaced by a- -number of rlsers havxng the same height
and total cross sections. le&Wlse, ‘the heat exchanger can be replaced by a
number of ‘heat éxchangers havzng the same length of tubes and total numher of
tubes.

The following. expression was derlved for the height of the riser (see
Appendlx A).
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Riser Calculations (continued)

Where: H = height of riser - ft {see Fig. I)

Ar
As
D = diameter of riser - ft.
h

ft

i

pressure drop in heat exchanger - lb/ft2

i

temperature drop in heat exchanger p.

L]

1 loss due to el's, exit and ent of reactor,‘ekit and ent of heat
exchanger - 1.6 velocity heads. '

power uutput.-”ShEAGDO Btu/éeé

aécel of gravity - 32. 2‘ft/éec2

= gpecific heat - O. 52 Btu/lb -

20 't (see Flg I)
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friction factor = .02
temperature coefficient of den51ty - 0.0121 lb/ft Op
degsity of fuel = 123 lb/ft

'
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For an eight foot diameter reactor the vdlgme of the piping will be

VPA;kﬁ D° (2 H + 20 - 8)

for each value of Z&P and Z&t this volume will be a mlnimum at some wvalue of
D ané H.

: Fig. 11 is a plot of piping volume versus rlser helght for [&t 200° and
values of Z&p of 10, 20, 50, k0, and 50 lb/ft Slmllar plots were made for
At = 175 ’ 225 s sod 250 The mlnimum‘values of. plplng volume and the
a55001ated riger heights and dlameters are plotted agalnst heat exch&nger pres~7
sure droplln Figs. III and IV. ' '

Heat Exchangef Calculations:

On the bagis that the heat exchangef is of the counterflow tube and shell
deéign with the fuel in the tubes and that the Nusselt nuﬁber:bvef the range



Heat Exchanger Calculations (continued

investlgated is constant and equal to h(3), we derlve the follnwing relation-
shlps (see Appendlx B). : ' :
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The volume of the heat exchanger is:

VHE’m vfubes + vﬂeader

- 2
_x (1.5 4)° 3 N
= § af + 5

Where:
L = length of tube - ft
¥ = mamber of tubes

K = thermal conductivity of fuel. 3.5 Btu/hr - £t - °F
o H

At = temperature drop in heat exchanger. F
f Axé = average temperature differeﬁtial. OF‘
d¢ = tube juside dia. - .05 ft. (ﬂ 806 ) |
I = viscosity of fuel = 0.17h &7 O yo/hr - £t
@ = heat output. Btu/sec

C_ = specific heat of fuel. Btu/lb ~ °F
= density of fuel = 125 1b/ft”

w

From this we can calculate L, N, and heat exchanger vblume agaiﬁst‘heat
exchanger pressure drop for,differéni At's. The temperatures used were:
fuel entering the heat exchanger at lEiéoF and leaving at 9600F to lOESOF;
The wall temperature was taken as going from 850 to 1050 ; giving ' the

following temperature conditions:
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Heat Exchanger Calculations (continued)

Fuel Exiﬁ : At 2 AL ”Z%—Z-
Temperatﬁre

1035 175 , 172.5 1.01h

1010 206 ' 160.0 1.250

585 225 | 7.5 1.525

%0 250 135.0 1.652

The total volume of the system is equal to the volume of tha piping plus

the volume of the heat exchanger plus 300 ftB

for the reactar and.expansion
tank. Pig. V. plota riser diameter, heat excﬁanger tube length and number

: Qf‘tubes,’and total volume of the system.ggalnst riser height.

Discussion

On the basis of this prellmlnary 1nvest1gatiou, large natural convec-
tlon reactors do not seem to be very attractive. The eimmination;af fuel
pumps seems to be more than balanced by the increase inAfuel volume, and
number of haat.exchanger tubes although it is possible that the large number
of heat exéhanger tubes can be reduced by using fuel cutsideiéf firmed tubes.
An investigation jinto the cost of various molten salt reactor types(h) shows
the cost of & natural convection reaétor to be higher than comparsble forced
fuel c1rculation systens.
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Appendix B {continued)
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