
JK2

KXAJtrUSf. FOR PRESSURE UROP CAJLCULATI OKS IK .

MMtALLSL FLO HELIUM COOL1BC

SaLiard

Jun* 18. 1»42

Vi 1th an Additi'^n dated Aupuat IO, 1942

ABSTRACT

Wo>hln0ten 25, O. C.

I

/o o - /J

Available from rhe
Office of Technical Service*

Photostat Price $ y, f 0

Microfilm Price $ Z 0

r*re**ur* drop oaloulaticn* are ai.own for He cooled power 
froe 400.OOU cw to 30.000 k*.

UNCLASSIFIED r- - - -

UNCLASSIFIED

ar

planta rancine

B.T. Feld A L.

-•t • •'•tir—det- llr :er*llwl flow pcn.er unit, see L. Ssilard limo- 
, epU4i «• if e

R
M

M
M



—

1

£X'!r1.ES FOR .■’REL.SVHl UROh CALCV LAX 1OBS D»

FAkALlXl FLO HELIth CGOL1MG

iaiiardB.T. Feld A L

June 18, 1942

With ar. Addition dated August IQ. 1942

ami also the work

Fraction. ’.ork.I.
I

c«< (&oo°c .
ThotERa V

vrhioh beocttaa for helluai
host conductivity

« x IO7 z> H

*cold

8 Stexo

■ JU—

I

<0

6

specific heat at constant 
pressure

W..O X 1U~ C3V««C,

UNCI-AS5SF>££
*®tes critical velocity la defined as the velocity at which the kinetic energy 
of the gas is equal to 1 percent of tha heat transporter try the gas.

If wt take uoe-ti t»»c 
this ratio is equal to

*hot 
^eold

The f omul a for the ratio of heat 
0 4

In this report we calculate sone of the alMsnclona.
Cone In circulating gas, for a .’.umber ©f helio* cooled power plsur.ts ranging in 

V.c use helit* at 10 atmospheresoutput froej 400,000 kw low. to 30,000 kw. 
pressure arc at 1 atrcs,h»'e pressure.
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3H • Temperature difference be-

8a s

tween gas and metal » 300°C 
▼ ■ velocity cf gas at exit 

frees the plug
a maxi man temperature of

gas e &0G°C
atlniJBuei temperature of 
gas ■ 2OU°C

3.642 x 1OT M

e ^e e 
e*e e

».e silo* the gas to have a tn^sraiwe rise of 3OO°C at the center cf 
the aacnir«. At Use outside of the rachins whera the output is considerably 
smaller ttMM at the c enter (for a cube, the Umrani neutron tensity at the cen
ter is four tHsea the average thermal neutron density), wo keep the pressure 
drop the sauce ana schieve a constant temperature rise in the gas of 3OU°C by 
putting core Uan one plug in serieai then the ratio of the heat transfer to the 
frieticn loss remains ccr.stent throughout the nachino. And we need oelcvlate it 
only at the center, be wake our sstissus a pessimistic one by taking the velocity 
and density throughout the rlug correspond•ng to the highest ten, erasure of the 

transfer to fkict'cn work isi
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1.1

-I. tower Output.

6.8. * IO3 asS—a.

111. Effect of reducing pressure.

fee -C; of 1

It Is defined a* 2

?

1 :^th Is wblah t’.e frictlunsl loss In Ou. -ubo 
tho gua -

i

i

o«lcrlM/<a»Z/t’C/**«. end requires us to
_ j Fear tJi i • t, • ■ ... ® of*

plug we twee, at the cont er or the pile a production of 39 wutts/g, or for 40 
tons, a total production of 390.OOC kw. The friction lore in this case .s

1.28% of t he host transf wt.

x area/periphory of
3 0 ~

Z). We cooreaso tho uianeter of the sticks to 0.3 os, hydraulic radius 
0.06 or. This glees h * 4.73 x IO"** »/~—2/or—------ . —
cool single plugs of length 4 oat at the center of th* pile.

I

3). 7‘ ‘ _ _____2w_______ ________________
cf the c**>. -*• friction loss drops by the square of the velocity, 
the heat transfer dro^s nor# slowly. .  #
plug slightly, so that ZiT rennins 3O0°C. tber., for a 300*000 kw smMm the 

<870*1.6®, or 2880 kw. For 1/2 tho critical velocity.
*; area. The friction loss in tho 
aroe to go up to about 12 percent.
* > - 6.8. * IO3 cc/soo.

If the auota are unchanged and wo keep the assoc exit velocity 
cropping ths pressure », l-v-st aS ^.a .

-----— 9 twHort p

or a friction loos of 0.27% of the host transported. To this cause bo added 
& for each exit cf ti e hot c«- Honor, if wo have two pli<s in series, we 
lose u.5 r 0.27 ■ 0.77% in the plug. To thia add the friction Ices in tho 
duct and at the hot exit frees tho duct. If the duct is twice the critical**

Is, the -ctal friction loss for the duet and exit la 0.78%, giving about 
grand total, or, for 3QC.OOO kw, a loss of 4,600 kw. By reducing the

velocity in the duct and at the duct exit by a factor cf /T we reduce the 
duct fraction loss to U.7S/3 a 0.25, giving a total loco of about 1%, or for 
a SOu.OQC kw machine, a loss of 3,000 kw.

rv
’ JI

Wo will now calculate tho heat transfer. using heliiso at It stsnos. hares 
pressure with a velocity Oc.ua 1 to 1/2 tho critical velocity or 8.86 x IQ3 ee^oec.

1). The Uranium lisa, «• plug oonslste of U.6 am al an etar cylindrical 
sticks, 4.5 cm long, pxclcad so as to have 3p 4 of tho cross section saotal and 
i empty space, he cool two sweh plugs ir. series (at tho center cl the pile) la 
order to get a twnpcra.uro rise ot 5UOC la the gas. This corresponds to a 
heat production of 210 calories per double stiokj and, sinoo * t*wky weigh 
60.® g, to a production of 17.3 watts/g at tho center oT the pile, or 4.32 
aatts/g average. For 40 tons of natal this gives a total production of 
173,OOC kw.

• ■ ’ ’ ’ ____
is squat to Ute Kinetic energy ci tho gd*-

***Tha hydraulic radius is a Measure of tho effective radius of tho empty epece 
for beat transfer snu pressure loss. — - - —
tho space through which tho gas flows.

F: F C i M S i F• • #•• ••• o o ee •• e e.. "7" ~

tons, a total production of 390,COC Jew. ‘uw crew 
0-26 *0.27 s Q.52% per plug plus 0.78% per duct • 
Thia gives the frictional work equal to 4870 kw.

3£_*T_r^yC* y*® SOO.OOO kw (by reducing the velocity
■< ■—i,.1 —- . However,
If we increase the pencil length in the

friction rork equals 4870*1.6®, or 2880 kw- J 
300.OOC kw output requires about 9 percent duet 
ducts can be node smiler if we allow tho duct < 
correspooclag to tho new velocity of 8.86 x 10s

Oc.ua
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hwt t-«r.»pcrt -or .74 percent.

If we reduce ths pressure tc 7 abnoapm-rea

: :

area to 6 j_ 
have a lose of

Machine s J.31 *-0.69 « 0.90

if ve hew, the sane velocity. goes free 12 percent to 
 — — —this rives a cross sectional area of 16 

------------------- . Thus, 
the friction loss 
percent of the total

eo oo

* • -
• • •• ••

in the duet ,

wo eta. Id coonect two plugs

the f riot ion loss In the tucts is the sane fraction of the transport. heat 
as before, te way Utvs go Iron a 300,000 tew to a 30,000 tew raachina. However, 
the heat transfer does not decrease vlts t?w pressure, but decreases sort slowly 

P • ) st that for a length of plug equal to 4.7 cat we centare penoils of di- 
aiseter eat and still have the gas taupe nature rise by 3OO°C. * Per this case 
-he fr .cti’■"n loss is w.Z6 7©.27 at 0,67% in the plug, and in the duct, for a 
velocity equal the critical velocity divided by 2 x /T", the friction loss
is w.28f , giving a total friction loss of 0.77%. For a 30,000 tew aaoi ine this 
•wcunt e to 230 lew. If wo increase all velocities by a factor of 3, teee. nr 
Z) I aoastant, the friction loss boocews about t-240 tew, and the host transferred 
(if the flues are slightly c tanged; goes up by a lector ef 3. riving ar output 
of 90.OJU tew.

The duct site, f* 
irwent. an! if we take a 20 c« oeli. _ . _ ____________________________

for each duct, and a critical length of ISO as fear ti.ia duet alee?
the length of our duct is about 4 critical long ths. Senoo.

including the loss u;x» exit, equals “* "

ty hel ue at 10 atari; .rrst. '
consisting or ,.euciIs 0.3 cn in dl«w< 
with a velocity of 66 s/soo, cr . * 

2.6

in order to get a tertportture 
-— -------- — —— r-- —• The

X _  s 0.31 percent, so that
--------percent, or 1,060 tew.

Sene 
4 7 1 
6e.«)z | 

heat transport--or .74 percent. In the plugs the.wee Ives the production, of heat 
is 1/3 aswuah as prcvicusly considered, and so. £,  
rice of 3OJ C, wo would put 3 plugs in series, at the center of the pile, 
friction loss in the plug and on exit, is -27 -25

the total 1ms in this Machine is 0.31 7 0.74 a itSSpor

frevioualy 1 calculated the ciawu.oiu of a 300,000 tew machine cooled 
, In this nachine we used, at the center, a plug 

j|oretor and 4 ca long. The gas was circulated
* T.T * oribioal velocity. The duct site cn 

t;.is eaehlne is 12 pv.-coot of the total area, he now ccneider a lOO.OOu tew 
rw chine.

in aeries at the carter of the pile and would have to increase the total duct 
tc 3 .ercent. For this sise duct the critical lent th is 200 on, and so wo 

-------  __js of percent in the ducts. The total loss then for thio

percent of the heat transported, or 900 tew.
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