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tube it t roses wiser on the side which approaches
» * id thermal expansion tends to warp it 

dlrr«:tion as the original displacement • 
scussed roughly in K-6C1, and it was there

--------- -i r .J s not important for an
In connection with current develop-

it
In this 

concern.
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Division

f a pile rod gets bowed within its cooling 
ture t b tr.es Ortner on the side which approaches 
t. * tube v 11 - J * *

tirr-.tion as the original displacement.
Th5s as ■ ------------J
c r-iluded vhat the mechanisra 
isolated : v 3rt slug. 7

% of co tinuous Jacket (cartrid.-e) assemblies 
see-no dcsi able to look at this question again, 
c it ie possible that the effect may be of 3one
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Gale Toting

Vari ab3e Transfer  Soeff fcier.t

Cne coe rce of heating or. the si<ie where the rod apj roaches

The rough considerations of K—601 surxestel that this 

eoeffident h night be ejcpected to vary somewhat as the cv’^e root of

nearly as the first power ©f the water thickness. This latter fonoul-
i

(1)

is th a normal value of h when the rod is centered, y is the

♦Itlc’cn- ss of the water layer, end the angle © is measured around the

perimeter cf the rod from the direction of its displacement. Thus
& •• 0 is ths place where the water layer is thinnest.

Sr Hl 1 emperature variations at the rod surface do not

gxx itly affect the flow of heat G frees unit area of the rod. Thue

G as

- 2 -

on that side.

L :

atl'>n may be approximately expressed as

wh*«re hQ

displacement cf the rod from its central position, t is the norms’!

for arnll c2 splac-merits it will ba correct, on the assumption (1), 

to write the file drop T ■

outer » all it the decrease of the transfer coefficient to tne water

i :|JNCLAS^tFfED

h ■ ho (1 - cos ©) ,

h . 1 ’ '-ss of the water 1^-er. Krat* and Schlarel have obtained in 

one inst-ance an experla»fltal indication that the variation is more
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CL'•o (1T « (2)'o

-• the normal value® -.d»en the rod Is centered.

he temperature field in the rod will have a constant

Thia gives rise

linear

rigidity.

(3)o

y * O) are secured

o
to turn, so tf^at a » 0.

of cos Fx

:
» see 

• *

y" + K-y « A

K* a

i ro ind the rod, 
"To* 

Ut

4 ©03 e)

«Bg, «M.

and To

If tha t we suppose the bulk water temperature to be constant 

■ucend the rod, v»d If the slug-to-Jacket contact is also constant

where G o

• Tq(2L ♦ -F cos 8) ,

yu-lient g — ”R^f where R Is the radius of the rod.

•.C-14,64 J CP-167G) to a binding moment of cngnitude ”Bg, «*. being the 

e*Tieiert cf expansion of the rod and B * KI being its flexural 

The ueual bear* equation is Ey" 1 bending sxnent, and upon 

choosing signs p.operly we obtain for a weightless rod

ehero A depends uj.on how the ends of the rod (idiere 

and upon the matyiitude of the rod displacement.

Suppose the power production along the rod to be tnifora, 

so that To and K are constant, and that the ends of the rod are free

Then (3) h-is a simple solution in the fore.

wldch vanishes at the ends of the rod if the rod hsi ^-length 

L satisfies H. ■ . This corresponds to equation (7) of .'4-601.

:>slng the snos v<-lues as in that xeDorandun, namely To • 20°,

~ 1*5 * 1O“5> t = .22 cm, and R « 1.75 cm, gives L ■ 56 cm instead 

of the value 85 ca obtained there.
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If th* ends of th* rod

(1 ♦ eo® Kx ) with

Thus olMBj'lrut th« er*ds of
the rod Jc.--.rhle a i

and for larger values

" *» •

From his

Qa values for the effective

Cw calculations

3.7 --

Fl*. I

1

0
0 1t

-

<1
• •••
• * *• *

**jn» clamped to cook* y* there

the eolation beotem - = —Ain .*.d>'.itior. to jr

• •• • *• • «• • • •• OS• • •• •• ••

y =
Ki. — ft usd wj th / an arbitr* -y constant.

• • *•
• • *

a critica’ length.

7^** **••■•••» of 1 obtained in thia way ore those at Wdch the 

aaoecbly beconee unatable; for anallwr values of 1 a die. uruarco in 

the rod shape w<x Id be unable to .maintain itself,

of L a disturbance of the rlfht shape would grow larger.

The ab« e discussion was United, in (2), to very — 

dd»r’’^c«-»nts, w w thia led to a temperature gradient f given by 

¥©“ " V' Fcr “•'B* dlsplaces.e.-its the tnuperature field in a bonded 

•• •!«£ tea been s' udied ty :*urr- y under the aaatsapCians of rnewtan* 

watar bulk temper .ture and transfer coeffieleot as in (1). 

eelculaticna Lr. 1 urraj haa kindly fUrnlahsd 

x-rping gradient p, WLeh varies as sketched in Fig. 1.
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above were based

Um of th*

Mr ^3.7 « 1.9.

rot will be-

Ihxier large tisplac-
wtaile at lengths which arw *v*sewh~t shorter bet

sets

Xfl£.W«
Anctwr

** the noraal rise in bulk temperature of th* water

The usual h*rtraullc

ewe 
*•

•*• sire onl,'

lource of heating on the aids of the -©€ where the 

water La thin la the 1st raaae Ln 1 

poor nixing ar^md the annulus

Thus uri* snail displacesbents the (weightless) 

care unstable at t he lengths first calculated, 

fflanta It becomes

the acwmcrta.

a given centra, dia- 

be found by maaerlcal quadratures.

has not been carried through.

Is, and It surely

in.

This, however.

,x>^ *<no»w» how good assta^ptlon (1) 

•reaka down to considerable extent when boll leg

* : t-O*e• • • weee •

w<tcr bulk tsmperature there because 

i (see eq. Ctt-LTJC-UA).

• rough calculation on this point.

la moving unit O1j anew along the centered rod.

greater than the first values, 

awment as a function of
Vwray'a values for the □ending 

y could be used to replace the sec«xxi terr 
(3)» and the red length needed tc we Inta In 

rlacwner.t could t *w»

cn thr lower dotted line which under ytiMatw the 

warping waenta t«t up. uppe- dotted line eve mat lutee 

.1 is the effect of increasing our previous value of 

by a factor oi 3.7. This In turn would divide the critical lengths
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For

practically untf im around

and thus the tenperrture rise p»r unit
lan/ Xh la

« Ti(l f (4)3

which in form la malaruus to (2).

< • ajt

(5)

If WW between

-2 -M * (6)• o

cm of

^hese are th* value* to Which

4 8

ee
• • •

* • •• • J
• a * a

— — ■> tl>e average,

lhen the parenthesis in (6> beeonee 

Solving 1>

at

•• •
•j:

then tie result la to ‘ mre

*-

• a
• • ee-

ConaAderia^ that the water temperature riaaa about 70° alonr. 700 

rod, and that it* rata of rise at the center is g tinea 

fires Tx a - 

2° i - L

f *

auppoew, c-uriely, that thia on~the^ver*ge relation held* 

C and y at each point along the rod 

the value of X2 1-j (j) to

-f- co. ®) ,

formula* indicate that under a given pressure droj tne beta rate oi 

now in a layer wariea as the 5/3 pcmwr of the layer thleteneM. 

■••J 1 dlaplacuaen ta the outward heat flow la 

the rod, aa amuitltned earlier.

+ -

Thus, luodag no mixing, •• have after the water has trawellel 

a distance 2L tic ig a rod with constant displacement y, a rrallent 

; ind, ivwragwd over the length of the rod.

_________ H_______
(1 - e -a 6)5'3

■ <6 gives L * 45 or.
* 112 gives L w 79 <>,.

Gsgreea per ck.

- 20 (1 f 
and L /1 f -JL
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the f eraser critic 1 lengths for —.11 dleplarenente are reduced when 

variation in bulk .eeiperature ''.round tbs annulus la taken Into account 

in the present rotrfi fashion.

The abom eons* derations for weightless rode apply in the

and to horizontal warping of sections of W rode which nay have been

lifted by vert lea warping to clear the ribs below. They apply beet
to solid rods, ani less well to separate slugs in a continuous Jacket 

wnere 0 varies al-r^» the rod ( cf . CP-1940).

Let the rod have weight w per unit length, let it be of

length 2L Between joints of support, and Measure x fron the center.

Then (J) b scenes

(7)
“ZB" •

with the general roldtion

(L2 - X2) ♦ F sin Kx («)+ G coe Kxr

where A, F, C are arbitrary constants.

F»(O) ■ y(L)

7

* Hi) " 0 gives

case of vertical - >ds, as cont sap) a tod in sone of the P-9 designs.

Ufr •• • OS* ••

y* + K2^ • a(L2 - X2) ♦ A

• a
• ••

* o»o
* ♦ e M
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-X2)y

(1 - co* Ex)

(9)
HO) - I )

y*(L? • a * ( - 1) .

Um ante.

MM

points.

HO) » J3-4 -A (10)

trenssdtt**. the

XT *• t«t A x 0 and

KL 
irm

7^
EX. 

tan EL

2 ■
<r

For KL < 1? Um quantity jr(O) is negative and rent* a

Physically, m«all«fhl solutlcn does not exist, this correspond! to 

Um FOMilt ootal- -d above for a weightless rod elated at 

For IT < KL 4c 4 .49 (which la

•o that there la no bendlnr ~miT* 

ae-o«a the ends to the portions of the rod adjoining 

warped arc?,

- ft<2

•a _• • a. | . .
• • a• a • as r-

ex
tan ”L

Thia value of KL also rakaa A • 0,

• •• *• ♦ • see
•!W<V’

ran ova the requirement that y’(L) « O, 

which aaounta to cutting the rod at Ita ends no these are free to turn.

•a* • ar » e » a—a • ♦_ • ♦
* « a•a • • »•

♦ . JS___
2 eln EL

a root of x • tan x) there exists a 

ooluti.n wfileh 1* evwrjndMre non-«Mnative, and thus pt^aicall^ aaan- 

inrful. For KJ. > 4*49 the solution araJLn bacons* nofgative at 

Jpen dlr. erent Let log the parenthesis on Um rl«ht side of

the expression f< r jr(O) It la found to have a positive adnlMas for 

n. « tan n. e 4U.V, and this nlnlaaua value elves

M
l

*
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.4- x2) ♦ <1 - )y ■

1)y- (U)

-2ft. (1 ♦y<O) s

(12)jKO. a 10.2

w rim

car

(12) gif jKO) • .25 cw.

Such y(0) vnluea* repreaent the .'L*pla c wente at ^.Lch the rod

bee wee tnsUble; mlhr dtlapl*r ewenf* would not ba Maintained. The

above value* are creator than the thickneaa of the ■ annulu*, eo that

•ooh fcrewe aa u*-d In the ccasputatlan would not be able to .-alnt ■n

However, we have hero neglected the warpin*upward warp afulr.at gravity.

a

2a
K7

COB gjt
co* id.

*

K‘

a • •
• «
• •

.2

w a

?A2 
I

L

Ulth B - 6 x !</ ow2, w a .18 kg per caa(

co”-L For the lower dotted line Ln Fig. 1 w* have

1. J 1th thane value* (10) give* y(O)

•• *• * * e e
• • ♦* *
• e

• .82 co and

a « 1.5 a 10 *

K w 2.8 a ICT*

Jt la no* round tnat y(O) 1* negative for KL < In arreaanent with 

the previous result for an unc^aaaped welghtleaa rod; To* “J" <* Kt ~ 

there 1* a aoiutl Ji which la everyadnre non-oegative; ant* on thia rar.rw 

the parentheal* la y(O) haa Ito mtn treat value for Kt • ggyjy • 2,21. 

thia nlnlr- givlrg

f coo <x 
eMa**a*MMe*M*hjp>M> «» 
cor »1

v* **t tnetead of (9)

__ 1__ ) . 
cm n.



at Fig. 1 shir * tercet tastes Un warping forces produced by large

and eo these larger forces

are '.*uite capable of hul ting the rod op sralnat the top of the tube.

end

1. epi aner ante. If we used instead the upper dotted line, the above y<0) 

ruluee would he divided hjp J.72 ■ 13.7 and would thus beciwe consider-

• •.* •
•* - «

*** • »•« • •*«
‘ > d‘

♦* * • •« «e

Thue it !• pCMNBlble that thia rajf happen in the pile.

aoljr lees than th* t hie knees of the annul us.

duo to varls’ e txlk temperature, and *ukve used the lower dotted line

•* <*• • * see e * e• • •* ....... o• • • Cw M
r
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