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At Hanford, it is proposed to uperete n chain-react ing, graph!te- 
Moderwtod, water-cooled uranium pile. <*> accomt of the corrosive action 
of water an uranium, it «M necessary to andloee the u»TW*lum cylinders tn 
aluminas Jackets. Preliminary dot* vara avid labia which indicated that 
-------------- Jacket corrosion aaight be influenced by the water temperature. 
Therefore. In order to specify cafe ope re tire conditions, it was desirable 
to know the taupe nature at *ny position or. the aluminum Jacket of a slug n 
the tube. Because of the experiarnntal difficulties encountered in the measure­
ment of the correct surface temperature, the problem has been attacked pri- 
■arily from a mathamstical standpoint by mmabers of the Physics Division, al­
though scsse experimental data were also obtained through the comb inoc el forts 
of the Physics and Toclwical Divisions. Mathsaatical formulae have been 
developed for noct of the proposed Hanford designs. The purpope of this 
was to evaluate >nd susaarlso the tlmorwtic.l and experimental infemail oo for 
calculation of aluminas. Jacket surface tsepor>«tureo for the design now in­
stalled at Hanford. Also, the suxnarlaed results were to be put into a fora 
suitable for use in routine calculations.

As s result of this survey, the aluminum ~rfaoo tonporatore for 
the Hanford tube and slug design nay be calculated within 15". by Wldinng 
routine methods and certain simple factors and equations contained in this  
report. The factors have been asssetaled free Suthematical analyses but agree 
closely with the existing experimental data. The equations are of ths usual 
type used in heat tranafar calculations.

Until adsquata snrpsriasss -1 data are available, it is rwcom^anded 
that the factors and fonsulae pres anted in this report be employ ed in the 
calculatier, of the Jacket surface teeperaturea. teperlmental work is needed 
to substantiate the fonsulae and factors obtained. Al oo, additior^i »ur* is 
needed to determine the surface tmsperaturea necoeaary to cause early failure 
of the slug Jacket by corrosion, erosion, or cavitation.
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isolated, 
following diagram, 
tor directly.

Th* variables aff acting th* surf see taaparalurr MUaaa tic ally war* 
Th* general relationships bataaon th* variable* «r* ehcmn on th* 

Th* items directly under each factor influence thia fac-

Th* purpoe* of thia rapcrt am* to redbc* all th* iiUomAian per­
tinent to th* calculation of th* Jac Met temperature* to a fora suit able for 
routine utilisation. by restricting thia report to consideration of only 
the existing Hanford tube ac al< deaign, it m* poealble to aimpliX) 
zreatljr the m*thc<m of calculation.

although thia report i* Halted to the Hanford deaigp, the procedures 
outlined can be used for various inlet ant«r temperature*, mater rates, 
pooer output. Mo consideration was given to th* effect* produced by such con­
dition* a* file lor a* tian, cavitation, or for local changes la eater velocity.

Th* two nsthods available for th* determination ef the teegerature 
on the surfae* of the Jacket ver* nathsautical unwlyei* med experiment. Th* 
experimental difficulties of me*curing the surface temperature without dis­
turb Ing th* hirh ha-»t flui <nc the water floe pattern have not been completely 
ma at* red. The existing method* to determine th* surface temper a turn* *re in­
direct .nd result in data which are inconclusive. Th* aathemstical treatment* 
represent th* application of some of the best analytical m*thoo* available. 
In the reports of the PHyaics bivision ere presented exact mathematical for­
mulae for most of the proposed Hanford designs.

when it ess decided to employ * water-cooled pile, the problem 
earlstsd of protecting the uranium slur* from eater corrosion. Of all th* 
coating material* and method* be*tea, aluminum Jacket* on the slugs proved 
to he least unfaverable. On* of the problem*, them, **• to investigate the 
effect of temperature on the corrosion ret* of th* aluminum, also another 
cocdiUon that ai|8>t b* troubleeoem during pH* operation was th* possibility 
that, if surfae* temperature* became sufficiently hi^t to allo* local boiling, 
th* quantity of water in the tub* could be reduced to one-half that under 
normal condition*. Thia condition would result in unstable operation of th* 
pil* becaua* th* change in reproduction factor caused by Um reduced nas* of 
mater in one tub* 1* <> proc labia; it eorresponoa to th* cheg* obtained with 
the control rod*.

8 K:d fe « r’’s
* a • • • • •

In order to dotsrmln* th* surf ace temperature, both math—t leal 
an.slyaes and experimental inveeUgetiona were nude, bine* few «*perlment*l 
data »*rv available, magduieia *aa placed on tb* mathamsLle*l approach.
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Any major changes in the geometry would ra uire utenaiw asthe- 
amtlcal »ort to provioa new factors.

index 1 of water 
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F

boat transfer 
coefficient
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Of the seven variables listed in the diagram, the operating condi­
tions fix three> inlet water temperature, t-j cooling eater ruts, w; and 
power output of the tube, F. Ueaignsticn ot the location of the point to be 
analysed fixes the laurU. .•ri.a.la, 1, tbs distance frac the inlet of the tube.

Throe variables are Loft to be calculated or estimated. The factor, 
f, applied to the normal temperature drop to give the actual temperature drop, 
is the ten obtained from ’he xark done by the Physics be partner* cn the 
effect of a ccrUic eoeaditiof. (such as the presence of a rib) on the actual 
temperature drop. If two conditions occur st the sa>« rolnt (evasgrloi Coating 
defect ana the presence of a rite) Um pro mt of the factors describing each 
condition is Vs new factor. Cosparisoo with earn-imenta 1 oats (Exhibit G) 
(inhibit H), Indicates that the factors are sufficiently accurate. The fac­
tors are listed in Tables 11 and III. These factors, with two exceptions, 
are dependent only on the geouetzy of tbe el urs and the tube, for minor 
change* in disMmsdone, the ori^tzaal FhF»ice Pi vial on reports should be con­
sulted. Any major changes io the geometry would re uare utsnsiw methe-

The beet transfer coefficient , b Is calculated in this rep or”. by 
nee of ths correlation of diedur sod Tate (13). Comparison with the expert- 
mm*-1 data (Adhibit J) shows a maximum difference of 25>. Am data are not 
of sufflcimatly good quality, however, to Justify the use of anoth r carrel 
tian The — error in the aaleulstiaa of Us slug surface t f srsture 
cm be expected to originate in the evaluation of the heat trsrfw coef. icient,h.

e »•we e •
: : :
• o- ♦ e• •«
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Th. use of *■, ths index of th. of mixing, comm from eon-
siderati an of mt«r velocities not in the alrecticn of flow which show Uut 
ths water in the annulus must be only partially mixed. mi examination < 
Figure 3 Mio*e that one-half of the elug 1* contained In the lower half of 
the ▼lew ( correspond! t«r to oi.e-holf of the heat generution). The present-, 
of the ribe, however, makes the available area fbr water floe lean than one- 
half of the annular area, with the total aatar floe distributed approximately 
evenly over the available annular area, thia means that one-half of the heat 
load most be handled by leas than one-half of the water. The symbol > re­
presents the ratio cf the heat fraction to the water fmctixa. For perfect 
mlxir«, the heat fraction is unity j and, therefore, F equnls one. a«cept for 
perfect mlxlty, F on the low ar eide <f the tube Is greater than one. for 
the upper part of the tube, F is leas than one.

between the M and <y st re use. 
fraction and equals one—half, 
frecti cm la 0.475- therefore, *«,

Three degrees of nixing have been investigated *s Indicated In 
exhibit C. Of these the first case seems to oe the noct likely in view of 
the experimental date (12). Caso 1 (KrnhlKt C) assumes perfect mixing of 
0 and f>/2. (See rlgure 3). This means a maximum aixinr oistaunce 0.566 
Inches or 1-ZJ. oa. If there is perfect adxiqr between 0 and ^/2, the. there 
will oe perfect nixing in the entire lower half of the tube, or *• region. 
The upner half of the ttd>e, ar jS region io all at the ana temperature be­
cause there are no discontinuities in the outer stream. Mo mixite la aanimao 

The* heat fraction la the »ane as the sS 
Th. •<* water fraction la 0.525} them water 

equals 3.05} fey eouole 0.954.

• e a • a• - « we- • « •« • • •
♦ •••

*a estlamtion was aaow of a possible degree of velocity dlatrlt .tlon 
due to the difference in the up>«r me lamer paths for mixing vase i, with m 
and df t asperatur. uistribution. <bee figure 3). »t the inlet, wt>en the 
tesperatur s of the two streams are equal, their velocities are also equal. 
(The hydra.lie radius of each path is e . ual. Qm metre wet tee-periphery oue 
to the ribs is compensated for 5g the alight, eccentricity upward due to the 
hei#>t of the ribo;. «• the loser stream becomes hotter, It tends to laa 
greater vwoleity. *t 19 ft. from the entrance, the Increase of **■ velocity 
over belocity is 1.02. Therefore, ooms suitor from the cold stream euat 
flow into the hotter section. This has tew desirable effects* (a) Vo l«mer 
the temperature cf the bet stream (b) to promote mixing.

In the iaaaooi *te vicinit.- of the ribs vn* meter velocity amg be 
*his would mean a lowered heat trunslc coefficient and, therefore, 

a higher eurface temperature st that region That U.S temperature nmr the 
rib la higher has bean det.rained experlman tai ly b> Irate, but there is no 
experimental evidence to indicate whether the canaltlon is auo to lamer 
velocity, poor sdxlny, or both.

The beet flux per unit .res cf the slug eurface ie aooumsd not to 
be appreciably changed by the change in surface temperatures around the slug. 
The major resistance to heat flow Is in the tuballey ano tne ms vinos change 
in beat flm from the slug oue to changes in surface tamporuturw sdLU toe Leae 
than 5*. Neglect cf thia factor will give a conservative temperature dif­
fer -mow.
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___ . P* themselves, with tm exceptions, ar* dependent *mjy an U*e 
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geometry for which the factor • apply, 
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Hanover,

„ Th« «XDerl«mtal eothod used to cat ermine Jacket ourfaco t msperm-
•“**? G, Cabell's date) was to cut a slot in tto surface of Um
aluminum. * thermocouple mao latoddod in the metal ano the leads wore t i*— 
out alonr the <ot Which ess them filled al th type metal to present a smoth 
surface to the riming wter. The tempirature read cm the thermocouple was 
then corrected for the thickness of metal between the tip of the tbermoeo tple 
one the outside surfs co of the coating. The tmsperaturw of the water at that 
point exulfl oct be measured because the intro-we tier. of any tm^erature ■—. 
^nC.^rl!r <T*UI cmapletcV change the floe patterns in the thin annulus. 
The mathematical evaluation necessary in or Oar to interpret the asjiorimntai 
***** la»«4voe nearly as naryr asm*mptiono as a ma them t leal evaluation of the 
entire probl ms In vies of the corrections applied to the data, the rem* Its

** larr- *rror* *** **•«. «C the aveilsMLe data to furnish
reliable information on slur surface temperatures, even at normal operatic, 

is open to uuesticn *na to doubt. *

*> att mp I has been msoe to account for so lie film .ccusulrtUv
00 •urfaco of the aluminum. This situation h*s beer, thorou/hljr studied 
at CM1, and at the present tine it io believed that conditions cr. tn main­
tained ouch 'het iron, chromium *ma aluminum film of thiokneso sufficient 
to interfere with heat transfer und pressure drop any ue prevented.

figures 1, 2 and 3 clearly define the 
The factors are InAspenucnt of poster,

3 R C * g ?. ,
* I t :* »; • « ■ - * * • ♦ • •*

'■» inlet water loops rebars.

Thio survvp shoes ths t the aluminas Jacket surface temperature for 
the Hanford tube ana slur desisn may bo oalculatod, by routine mothoas, t» 
use of certain simple factors ano equations. The factor a have bom eoapilad 
from the extensive and careful Mathematical amlyeeo muds tp the l»tonics 
id vision for each case. Uniting the factors to only these which apply to 
regular Hanford slufls ana tubes al loan a great simplifl eel ion m their pre­
sentation. Mach factor describee s certain condition. If two condltlmas 
secur nt the same point (example; esmtlng defect ever a rib) the proouct 
of the factors describing eeoh ocnuitlcn la the me factor. Thia method 
of treatment has boon suggestod by larusb and Young. The factor for t^m 
tmpersture rise above the rib is the only factor that has been checked tw 
experimental date. The exporlcental dets check the calculated values ver» 
closely, (bee Exhibits 0 and ■). ’

then opera tian is very etea*v enc there is little variation 1a 
. - •“* temperature, a plot such as Fl>*ro k can

graph is good only st s given po»«r level, mater rate
-te
a-
 ...

.. 
 ' 

-' --
- ...

.  
  •-
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F • the praer output of the tub*

on optlnlatlc

f - tenperatare arap fectora, given Ln Table U.

wo tor:

(1)

The equation

t - 721 Co)0*1 (0.367 0.00639 t) (2)

Um equation of q — h«6t, ebon

la order to ealc~u»te Wo a leg rarfeee teaaperutu re, It Is 
necoaanrjr to too*:

* : * • • •*o

t - tj *

• •• • ♦ i 96
» •

Uainf Flyura J

email tf «, r 
ro-*eilljr calculated

CMceeaary to find the beat transfer eoefflclent at UU« point, 
applied to the Munford alupi «nd Ud>e dral<n

• ••• *• • * •• 6* “• *• •
* • • 06

• t C * l«T: \* ♦ • • * « ••• * • •*

For this particular ope ten, 
oolkrad rar Pt, beorane:

<0.367 • 0.00639 t) 
lea. The heat

• a plct of (1 - coo X.k.. j vwrrao L, ano the apociried ooo- 

tho taepvr.turv (t) of Uo eoolinr rater at that point e«n ba

L • Ute diotaaco of tt* point frac the inlet of the active 
portion of tike tube, ft.6,

tj- the inlet t oigporatare of the ooollrv rater, 

v • the eoolinr rater rate, pal./(adn.)( tube; .

(the fellrainf ouua tiara are Oerel oped ualnr. «nl./(el«W<twbe) j haaever, 
la Uh* neral to. Table I'l.anci la the dor Ira tiara, hathiblte l> «na 6,
<ira Uhe forra fbr eelocltr In ft./eoc. per tube end the race flee rate, 
lb./(hr.)(tut>e).)

To calculate the trapereturn of the local cx>oXlnc
1.91 (F) (F) Cl » era jEk-. ) 

. ».

, klloratta.

F - a decrae of oIxImk f«r the eoolinr eater, an optlaXotle 
aoMaaptlcm la <raeo I, ueln<raolainct other ralara are araljraod 
and elven in *.

FlCure 6 plvw a plot of the loot tuna of the equation: 
veroue 6. The rate. In bull one per eXrato, la alraadr apegLfle 
trraaFer ooeffleleot la eapraeoed a* B.t.a./(hr.)(eq.ft.r.J.

The felloalnr equation a are derived in the appendix (c*hlblta 
and F) free fundweental eqwatlena.

Mnce brat tranafer *tu*tioae are of the fora q • ha 6t, it la

of oiodor am Tate (13), 
reduce* to

I<5
r

I

« ntw fl
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; f calculated the increase in 
imperfection in the bonding layer.* a • a — —.a — — m

Other values are given in

• • •

di epl a ci ng the slug from the center 
~ -. The value given in

riba do not place the slugs in

TJhi sine curve describing the heat generation along the length 
of a tube la sheen in Figure IO.

eiscusfiom OF reshlts

eee •• 
• • • :• : :
i..

_____ w  increase in aurface-
r<xr the six. of rib sheen in figure 3, 

, iT^that*!*tuined by assuming 
(R) haa found experimentally 

i experimental data (Creta, 
film cf about 0.001

Murray (IO) has shown that
of the tube will Increase the slug surface teaperature.
Table II is cue to eccentricity because the tl’ T ‘ rn—rti[ri
the center of the tube. Teats by Krats indicate that thia correct! cn may 
be too high (11).

• « .»• • eee e a ee

A number of investigators (Z.X(11) have 
temperature of the surface adjacent to an -------- -J ntnr
lh. factor given (f - 1.2) correspond. to the .r^^ ^e ^^in
of im»erfecti«» »s determined by the frost test. Other values are gi en l 
Figure 11.

The tesperatures around the end of the slug have bem studied by 
a number of inveatigator. (3), (6), (7), (9). The factors «***» "• 
the Insulated end can as used on the unbonded slug; eno for Um "®^d. ^Jho 
cap .s used =n the aluminum-ail icon bonoed slug. ®
electrical heat-sink and resistance methods has been obtained for Uie soli 
end can ty a collaborating agency.

and Mixing effects, there are possible effects resuming fro. non-uni^o ty 
of the slug diameter, from curved surfaces A the eal cf the slug coating, ana 
from elug warping.

The correct surface temperature is obtained as the sum of the 
water temperature plus the t^r.ture difference between th. ■*^®**“d

Mc.Tx.t Flux .t U.-1 point, the th. J-P X 2)-
l«p«rr«c:tlms In th. bono, eecntrleltT ol rib contact.

K. a rush (5) shoved that the rib nay cause an 
to-water temperature difference. r— —— — 
the smxisnuL factor of 1.&6 is for the case of no 
above tl»e rib. The minimum factor, 1.0 to 
a gooo contact of aluminum on aluminum, a rat a 
that this condition may occur. comparison with 
Cabell) shows a factor wuich corresponds to a water 
inch in thickness.

The water tempe-iture is

the annulus (tuition 1).
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(3)

Figure 7 fives a plot c<“

ta • (4)

n

■nd a water 
uaing various 
of flow ana

L

339 (F) (P) sin

1: :

Figure 8 shea* the modified eosin* curves of heat tranafer 
coefficient, h, versus L for the condition* of 346 E*/tube, 
rat* oT 22 gal./win. Th* fuel Ijr of curve* was obtained by 
assumption* for the degree of mixing. at fixed corditions 
heat generation, h decrease* a* F decreases.

Figure 9 *bcw* the modified sine curve o’. normal 
The peak of th* curve cooes before th* center of th* tub*. F 

however, (see figure 4) dos* not caw until after th*

Th* hast trunsfar coefficient, 

, ano th* normal temperature difference

°in "’3^7 reraus

h, can be calculated fro* aquation (2) 
(d tQ) obtained free equation (3).

. Th* final step in th* calculation of the actual surface Jacket 
tempera tur* 1* to apply th* factors to th* normal temperature drop. Th* 
actual tamper*tur* drop 1* the proouct of the normal temperature drop ano 
all th* factor* pertinent to the description ol the point.

SECRET
• * • •• • * * *♦ • • • * •• **• • » •*

t * (TiXfaXfjX....)-atn

Th* surface temperature ta is fully defined. It i* at a certain 
length, L, from the inlet, ano st a certain position on th* Jacket.

Table I abas* th* effect of varying any of th* condition* of the 
sy*tem. a* a basis of oosEperleon, Condition 1 was chosen *• representing 
a set of possible operating eonaitiona. Canaition 2 shame th* ria* in sur­
face temperature du* to an increase in th* factor. Conuiticm 3 above the 
corresponding value* if the power input is reduced one-half. The normal 
temperature difference doe* not desrease * proportional amount because th* 
heat transfer coefficient is loser. Condition 4 shows th* effect of r*ducir« 
the cooling water rat*. Th* w*t*r temperature is higher, am the beat transfer 
coeffici«nt ie loser on account of the lower velocity threu^j th* tube. Th* 
result is a fiigher temperature 'ilfference which when added to the high water 
temperature gives * much higher metal temperature. <n increase In tie inlet 
water temperature, conoition 5, do** not give an *qual rise in th • metal tem­
perature because of th* improved h*»t trun»f»r coefficient*. Condition 6 
■bcm* the effect of a different e*tl*te for th* amount uf mixing. (Condtion 
1 was fbr*, mixing; Condition 6 is for perfect mixing.) Th* gffect of a 
mor* favorable, lower, F (heat fraction to water fraction) is a lowering cd 
th* water temperature and of the normal temperature oifferenee, and, there­
fore, a levering of the Jsck«t t *mp ■ Future.

   . _  gat versus length,
L. The peak of the curve comes before th* center of the tub*. The hipest 
m*tal tmperature, hoe ever, (**• *i©»r* 4) doe* >»ot cm* until after the 
center of th* tube, on account of the rwpio ria* of th* water tMperature 
at the center of the tub*. The hif^or th* factor, th* nearer th* maxiaasa 
metal temperature will b* to th* center of the tube. X* the factor approact.ee 
1<* value*, the ma rim,us taapcrature ie nearer the exit of th* tube.

approact.ee
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CON CL rions

1

The factors for estimating th* <*<!■«■ temperature difference be­
tween the water eno setal surface are believed to Induce all considerations 
accurately, but. the temperature difference a* calculated fna the heat transfer 
coefficient will result in a maximum error of 15 °C. in estimating marface 
temperatures. There is no experimental evidence that the temperature need be 
known with greater degree of accuracy for the present proposed maximum tempera­
ture rise of the water and the maximum flew rates. It Is likely that the 
maximm surface tesqjerature can be increased JO to W°C. (up to 135 w. J be I orc 
this factor of uncertainty may boocme of importance, or that surface tempera­
tures be cosm important.

Ths variation in slug d asset er, which would occur chiefly at the 
welded ends, may result in slightly higher temperatures in cases where 
—atj slug? uro leewxro of large slugs. xhe ena temperature of the small 
slug may be increased a lightly; however, maximum temperatures are further 
al<TM the slug surface, hence this Is of minor consideration.

The maximum temperature effect expected by warping of the slug 
could be predicted by the eccentricity effect as described by Murray (IO)-

Curved surfaces at the ecd of the slug, warping, «o variation 
in diameter of the dug, if carried to extreme, may have an effect cn the 
witer pressure st the slug in addition to the small temperature effects, 
buch curved surfaces may result In cavitation. *hvt is, the water velocity 
or vertexes may be such that a partial reduction in static pressure co the 
surface of the slug may result, ani vaporization occur over very small areas. 
Thia caviatation would result in very rapid removal of aluminum metal near 
this area. rhis sort of haaard has not bem* analyzed mathematically nor 
determined experimentally . ?be chance that cavitation will occur becomes 
more important as the surface temperatures approach the vaporising teas- 
perature of the codiic water. Mo attmspt has been made to determine 
experimentally the condition* necessary to obtain cavitation; ana there has 
been no evidence of this condition existing under proposed operation conditions.

.................................................................................................................——
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l^ee figure 3.)

K‘ :'i • • • 
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4 » r f* | «rj*« %’ • • •• e♦ • a « • • ♦• * • ••• • a ••

W^4

Subscripts
a - surface cT aluninua Jacket 
1 - inlet
a - surface of uranium 
n • normal
r - within ali^ 
a - steam 
w - wate~
®» ® ’» •»<

r 
h 
k 
d 
r 
t 
u

a 
D 
F 
C 
L
L» 
r

, regions to which tana refers

- Area, st;.Ft.
• Hjareullc diameter of water passage, ft.
- katio of bsmt fraction to am ter Tract! «n
- Mass velocity, lb./(hr.)(aq.ft.)
- Length of tube, ft.
- distance along tube from last known point, ft.
- Total power output of tube, kilowatts 

a, a*, c - Constants
Cp - bpecific heat of water, B.t.e./(lb.)(*F.)

- T«w»fe nature drop factor
- Heat transfer coefficient, B. t. a./( hr. )(eq.ft. )(®F. )
- Thermal conductivity of water, B. t .u./(hr. )(eq.ft. j(*F./ft.)
- ’t-te of hoot transfer, B.t.u./(hr.)(ft. of length/ 

ulius of slur, in.
- Ttgxretura, °C.
- Velocity, ft./sec.
- Volume rile of flow, gal ./min.
- • eight nte of flow, lb./hr.

unrloo, ruoiane
eek - Hafers to a certain wsount of alxinj: in lower half of tuoe. (Soo 

Mochi bit C)
« Hafers to uptwr half of tube (.See Exhibit C) 

At - Coatinx-to-witer temperature difference, °C. 
^ta- Temperature drop across aluminum Jacket, °C.

<- Temperature cifference along lem th of tube, °C
- Viscosity of mater, lb./(hr. Xft.)
- Viscosity of water, cp.

Hoot fraction - amount of best in given sector oivided by total bast generated, 
water fraction - amount of water Id given sector diviloci by total water floe.
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CP-2571.

CP-J19,2. Variation alonr Cooling Tab* (10/27/42)

U.Yo-mgCP-12373.

4.

CP-1313, taruab5.

6. Thermal conduct.ivity of • ssul-inflnita slab ebon the flee* to
the edge. (3/17/44)

7.

8.

Jr9.

10

11.

a. G.12.

(1936)13.

14.

CP -I486, Murray, » 

end from the slab crosses the surface near

a solid alusinun cap. (4/14/44)

M-1439CC4), Berkoff, a. «., «d others 
Mixing in the » annulus. (4/6/44)

Sieder, 4. M., and G. *. Tate, Ind. *ng. Mas., fib 1429-1435,

CP-G-21&0, Physics hsport for the Month *utting 9/23A4.

Cr-1317, Ginsburg, «., -nd a. aarush, G. »<«ng (yn.n.x
Tespe ratu re rise in slug under a costing defect (1/25/44)

Tesperature rise oncer a rib in a 4 pile (l/>j/44)

M. _ . .

VXMMPvOn a
Report for the Month bed inf 9 A 5/42.

Younr, G®is
Temperature

Tespe nature of insulated end cap (1A5/44) 

«>d o. *arueh, G. Young

Murrajr» 'isJimte. of the swlaa slug surface tMporatursa a alw 
displaced fron the center of ths tube. (8/44)

M-13O9(CT), Maloney, J. a« *• G\ ’00“f» “"a,
allowable sixes of slug surface dlscoj<inult.es. (11/19/u3 to 
6/22/44)

a. H

CP-1954, Phyales Kasearct __
Part I of report for month ending 7/29/44.
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TAfeU. X
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■

Variation la Jacket ourface with

»

*

*•4

«

•*«4

e •”

....r...:_____™

: <

■

factor

IL-on -.it ion <F) F b f €a
CX.J (-C.J

1 22 346 1.05 30.2 5240 23.6 1 62
2 22 346 1.05 5240 23.6 2 66
3 22 173 1.05 21.6 4340 14.2 1 36
4 11 346 1.05 71.4 4040 30.5 1 102
5 22 346 1.05 43.2 5510 22.2 1 65
6 22 346 36.61.00 5170 22.7 1 59

water 
rate

6

generation 
of tab*

of 
alxlnr

•f
Jacket 
•urfaea

ain.

-*o natal. Taaap 
JacKcC-to drop 
aatar 
tcap.

*6.2

(eq.ft.) 
13U__

L

TrtTy T^TT

12 5

12 5

12 5

12 5

12 ID

12 5

Dirtanea 
fro* inlet 
end of aa- 
tlw por- 
tio» of

Inle'» 
water

>

M
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table xx

Factor

(5)1.56No boat flow to rib.Above rib.

Above rib.
(5)1.0-1.22

»5)1.0-1.05

(4), (11)1.2

Sltpt la di*placed upward du* to ribo;
(10)1.07

(3),(6),(9)

(9)1.12

(9)(7),2.63

Solid Bod Cap
(9)(7),1.75

(9)(7),0.73

(9)0.46

"(9)

b

loculated End Cap.
of cap. f

Xnaulatod tana t-ap. 
(eilkln* effect

abor* rib.
■nd rib.

Inaulatod Mod Cap. 
of alur and beginning of dap 
Figure 1.)

1.05

Ineulatlng fll* of eater 0.001 inch 
In thlcKneea between rib and Jacket

Good Al-Al contact be*e«*n alu<

At point on eurface at end 
(Poeitlon 3,

(7),

ther*for*, top of tubo la hotter than normal.

Tw arr• ■' T.T? r Factor* to ba applied to th* Monoal
Jaaket-to-eat«r Toap*r<tur* <^rop for Varlcua vonditiana

Hot ring near and of alup. 
Foeltion 5, *l«uro 1).

; ' r . *t point on aurface at and 
(Pooition A, Figure 1).

0.%(/♦<• * /(3),(6),<9)

-Nf*Z5T 
1.12« *'*'*•

Location of Jacket Surface me aaawrnd Condition 
A. Factor* for temperature, t,, at aurfic* of 

alidri iw— Jacket

Solid lad Cap, «t eanter of end of and cap. 
(Pooition 2, *lgur* 2).

Solid *nd Cap. at point oe aurface at and of 
aluc and beginning of cap. (Poeitioa 3, 
Flpar* 2).

oolld *nd Cap. Hot ring near end of alun.
(*Likina afreet. Poultice 5, »i»*ro 2).

Solid End Cop. at center of end of aluc at 
uranl»i * 11—1 n»m interface. (Pooitlon la 
Figure 2).

Solid *nd Cap. at eutalne of end of cap. 
(PoeItion At rigur* 2).

Coatirv Lofoct. For a routing defect between 
th* Jacket and th* aluc. heat floe acroaa 
the defect. See *lruro 11 for all ralueo. 
Vale* her* ia for d*fect dl«aM»ter of G.4 in.

• a* •• * eeo e e-e*I ** * tl :• : :• H

• • a e • » • o • a
• • e ee a ♦ • ••* •*

oa eee 
• • • • • • •
• • •o ♦ • «• eae



u).(u)

<73,(9)

B. at surface of
♦actor

■c heat flaw across U.e

Oiaaeter of defect • 0.16 la.
0.32
0.39
0.47

Inference

Coat4.ru: defect. For a coating defect between the 
jacket ana the sing, 
defect.

Factors for obtaining temperature, t , 
slur (under the Jacket) *

Insulated *tad ’"W- 4eaperat>iree are the mi *a 
If the end cap were not there. Uee fornula for 
calculation «f teeperaturw* within the slug.

Solid *nd *“ep. At center of slug at uraniuo- 
alunlDua Interface (Poet*Ion 1, 'igurw 2)

ri • • a ♦«

• » «
• ♦■ *■a> «

a ••• •

. ...
: : : 

ee • e

• »•• • e •• » * . .• « • •♦ • we• •*
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TABLE XI (cant'd.)

I t«mx u.
(coat'd.)

Tencer*tore-drop Factors to bo applied to the Norse 1 
Jacket—to—ea»er Tesnersture £*rop for Various vondltic**o

• 
• 
« •
 

EE
Si

Coat4.ru
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TAHA III

for ooo
(Fl«. 1-3).

<1)
v

(5)

or ar

(6)

(2)h • 721 (a)

or

750 («)O-a(O.}67 • 0.00639 t) -
(7)b •

or

(«)h •

(3)
b

(4)

a.
43.6 r2

23.3

t* to olMBlflMB JacAot unrfaooc.

• 4 bin
.3

2Mb nawia that t( 
ooatinc dafael at

la, as a —Ki—, 
hat point

5.05 (b)°-a(0.367 ♦ 0.00639 t)

339 (F)(F) Mr JLk_

t* a ta • A ta

At a pomar outpM. of 346 Ao per tabo «M mi cob tint dofoct botonon 
Jaofcot and alo«t

l°* (0.367 * 0.00639 t)

halation of 3Xa« burfaca T—para.tam, 
tanpor^turoa , t_.

■gantlona for Ualculatlnc tha blue or *lMrtia«a Jectot ibMpar*tntw. 
Sea acaBonelatwra, p. 13-

1.S2 (F) (F) (1 . oab 
u '

950 (F) (F) (1 . can
w

A. Calculation of tha altuiln— Jactaat bwfnoo ^oapbratar*, t , 
an Hanford blag and Jaeteat Oaalgn. (Fig. 1-3).

1.91 CF) (F) (1 - coa JEL. ) 
__________________________ a«i..

t^ - t • <rxXrpc ♦ • • X At,)

'calculation of ^naparaturaa within tha Mae, tp
0.0546 (t, - t*) - 0.0000245(1^ - *£ > • 0.0364 (F)< ala jH._j -

4*6. MA* than ta If tb*ra la an

♦

••
•«4 

I

J

»•
««

««■r
: I* 

i: I ♦6 
»

••
69
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Exhibit A.

Swwple 4alo*lwticn of the aluminum Surface ?caperetore.

•'■'aUxinrj Inlot wat*r st 5°C.

- 2.1 - r

)coo
(1)r

• 1.31

t - 5 •

0.3?21 (»)U*’(0.367 * 0.00639 t)h - (2)

(0.610)

(3^

■ e7®c.f « 2.1, t

:

h o

rib 
hot ring 
defect

uolnr figure 5, L ■ 12 ft.
1 — coo J"

f - 1.56 ) r - 1.12 ) t - 1.2 )
1.91 (F)(p)(l -

:.i 
• o *»♦ o •

•:* ' ♦

« f* a f3

Using ‘Graphical Hotbed 
from figure *»,

Twolwo foot from the entrance of the tube 
condition pot slble:

*• ♦ • 

•• • e

ualng figure 6 at t • 38*C„ 
0.367 ♦ 0.00639 t • 0.610

72X(22)°’®l 
5260

• 339 lF)(F)...Rla 2)73
■

fl

uoinr ^i«ur« 7, it 1 - 12.
■in Xk_ » 0.999

23.3
339 X 1.C5 m 346 A 0.99? • 23.6®C.

^3
F • 1.05 (V*oo I,—^alKinc. boo Exhibit f)

ia * « i u . ,s.2»c

n l i 12,

tho aluminum surface of the Jacket near the rib at hot rlnr near 
•"d •3-W with a defect, basing a diameter of 1 ca. unoor the ooetliw at
the rib j pea er output <r tube, 346 Oj coolly eater rate 22 eel /■<* ;

' 5240
ta • t • jt

- 3«.2 • (1.56)(l.L2)ri.2M23.6)
- 36.2 4 (2.1)(23.6) .

, for tho worst
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r • 0

1 -
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•la «.J
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*
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I.*

*

f««ai Flgura ?•

*

• »#•

0.0)64 (J46><1) •

^Lthln Ma*.
—tar at tat>»

: - ■ ■ . ■ ' '■
O.OOQQMS '*J - U>^0O)

k . ■■ ■ ,

♦
il

• 1.0 «t t •

Calculation •< ▼—••»»»»«*
T—<»»r*tur» *t c«< W •!•< •!

... . ~
S.*

.0944 (tp - I..) ♦
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Mtklblt C.

fbr Uffwrw* r*<r— ■ *f ttUdne (4n» 'ipur* 3.)

F*r-f*ct vUlagi

■I JU «lx:

Cm* 1

*n haat rr*M£«n •
0.019)

<9 *al*r fraction «

0.3*5*
—< *M«r frteUan • X - 0.3*3

(hotto*J• 1.03<U • OJX-

(top)F. • 0.934

*1*1 nr *1 Mii»i*r* « 0.730 130) • 0.373 1*.>♦

1mm frwti* • • O.JJMr

• 0.373
0.349

o«tn
(UltwF0 * ••

• O.«n

(«-ap)• O-WF, 0.

OaUMN * 2.24 u. 
boot fr^Uae • 1 
«M«r FracUm • 1 
F • 1

FraMiaa • 0.3*3 
**l*r FroMUm • 1

F»rf*et aUt*i *r 0 »r*» MtM | ar**. 
. . * *_ /

(9**K. oixUr «lau*ne* » 0.730
riml fn*M>cM * 0.3

XAj A J.hU - | (O.n?<r-
■ —JJ

0.300
1 - 0.J3B - 0.500 » 0.172
91 - u.029

• 0.473

• 0.93 *«.

- 1.19

- 0.3*3 - 0.300

•© *1x1 a* b<tw**n«a*.**»d ^nnt lon*.
• $ u.34<* la. • 1.44 «*.

o •

X4*M fr*Ml«* •
XM*t rr**tl<**» •
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(cant'd.)Exhibit C.

Caaa III arena.
*

f * O' hast fraction • - 0.334

0.375♦ O' water fraction ■

■•••ter fraction ■ 1

w 0.1C»6 — (bottom)1.66FW 0.10

(bottom)0.89

(top)
0.525

J ____

Exhibit 0. (cont'a.)

r<> ♦ 0* “ 
ft

0.375

“ • 0.95

2TF
X'heat fraction • 0.500
<t> beat fraction • 1 - 0.334 - 0.500 ■ 0.166

water fFactiaa • O.525Z
■'•ter fraction ■ 1 -<P*375 - 0.525 ■ 0.10

Mo mix!np betnoen © und ©' ana

mx. aixlrr edatanco » 0.720 (©) « 0.186 in. - 0.48 am.

»• 
M

 
I* O

 
M

 
tt



.3
dL * P• sin

23.30

P x

“ 46.

•i_n
.3

•in eo»■

(1 - coo )

(6/

S t C K K T

2 rJ o
dL ■»

950 (F)'P)(1 - eoa 31

2 
3413 (F)(P)(1 - eo« 

fc * *1 * ------- ---------------------------

uUdoit u.3 4 C a 4 T
a.)
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Exhibit D.

Dwrlwtian of *9t>atlan for Pooling 4*t«r To^p«r»tur«.

t •
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Kxhibit b.

Tr*n»f«r Aquation of •'iador and Tata (13).Tranafonaat ion of Haat

0.027

- 2.4D z

G -

. 1c.

• »isc<K»ity of water at Hla

jjO.O *2/3 ,-0.47
(1)

-1
0.021482

^2/3 .-0.47 0.00639 t
(8)0 00639 t)5.05 (•)h •

<

k ■ 0.330 * 0.000867 t

(t—6.435)

v0.14
> 1.04

)1Z5 
)

•* ** »| “ "
• a* (•«

I°*®(O.J67 ♦

^f

(&
Cl

d“°’2

. 0.367 *

8s •

h • (0.027)(2.4)(2.42)‘OU*7

('-J0 U («)°’® 
bp (“>

0.151
12

(w) 1J 
0 36'

1/J
P

: j
: L. s.

. /k>78.4 - (t-«.435)2J -U»|

for plots ••• fi«- 12.
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kchlblt F.

Calculation o£ Nonml J»cfcot-to-4*t«r ‘tmporatur* vrop, Z*>n-

hAAtq •

tinq ■ 23.346.
•q.ft./ft. of lan<th

339 (OCP) oln (3)
h

-1

U I

b (3413)(T><,Xp) »in J
(46.6H0;377Xl-6)(hy

H • 9*** • 
: :• : :

I
MB

3 A. C I
* •* • ••
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Mhlbi* US h C R « T
a

f

/

Brass wall U alia thick.
cal./( St*. CM.)( *0 J(mc. J/<m.

- J.3 tJassoConductivity should be

• 1.18f «

»

<

Tim real conductivity of brass ■ U.O27

TUbo should be altssimM, 40 ell* thick) thermal conductivity • 0-5
O.i * 40- 
0.27 * 14

14 A - 
U4

♦ !*»•

: :u • ••

— 3b — 
inhibit G.

** t

eorrospenus to a Layer of water 0.001 inch 
over rib.

! i‘ i

hxperlesntal L«t« of M. <ruts on Bib lejperutures, 
Compared with Calculated wesults

Bib tamper stu re •

wall temperature • 21°C.

Water tenperature “ 6.6°C.

Difference between rib and wall aticeld be • 2.6*

ft £*

• ■



Exhibit H.

Cohered with Calculated moults.

TABU. H

Heeults of ‘■abell'a ear* on “lb **••

PowerMlb Mlee

t
water Iwejwrwture 

cm tant -I

ap.rt-ui — - M*S-**»—•

S E C R T

- 37 -

xahliit M.

taapwr at*, re
riee will be

Lata:
- 1.14t -

(b)

Mb riee • >.1®

w JJh 1.10r a• 2.4

*. both oorreepeed to

oonultloM at 19 ft 
nor—1 At • 10*

Coolln« water at b5°C« 
q - 17.5 te

2J - 1.A*

e - O' at 17 Ft.
MHal At • 14.5*

(a) Cooling water at 65**C: 
q • 12.9 *•

Mb rlee • 2.R*

baed 20 all coating inatuad of 40 all«| tbereTore, 
W • 2 tinea too large.

.bout 0.001 Ieoh •< aotar owar the rib.

r

-
: :: •.

>• e• •

• t**

• *•<
*• • 9**

•• : s.
: : :

e-e e «
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65*C.
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tahibit J.

Coefflcienta (3.M.1237),EocparlMntal Cfcta of **. **. Cabell an Hout Trtaiafer
Coaoared ■! th telculated Oeeulte.

I*-ribboa tubaToot No. 33

9AA
-

Ixil at»

65 p.a.i.Outlet

2.235 et. ft.Total heat traMfer areas

0.3353 bq. io.Croae-sect loci area of annulua:

O.U6 in.

1.375 in-Outaido di MBOtar of tube:

3/16 in. of al.tall tMckneae of tuba:

TAHU V

Surface Taop. *9.f’oeit Lori

227-•1

215215.32

210205.73

213 -O 205A

201208.45

177195.06
193195.87<
199188.98

tutor Kata
23.2 gpe

btaae rreaaure
71 p.e.l.

Mulvalant rtlaoeter:

9 <
— —» a * f * ■“

<*

* a*
* i •

• **•
•r :• 

a ••• •*

iG.
«A
1

eater x«aport*tore 
13«.55°F.

191.7%.

Table of ^ata fron Teat on Kaat Tranafer Coefflciante 

bnootbea Value

s - r. a k *
K « *

*Wi«***^»’“



8650

8150

7150

1
2
3
4
5
6
7

(a) 8
(b) 8

5700 
4200 
3600 
3230 
2980 
2800 
2660 
2530 
2470

178.5 
173 .0 
163.0 
163.0 
158.0
153.5 
149.0 
144-5 
141.0

7350
66CC
6200
6000
5700
5500
5350
4200
4800

(cant’d.)Exhibit J.

(cant'd)Exhibit J.

table ti

Ke suits of ~nslysia uf vata on Heat Transfer Coefficients

Position water 
h 

by binder &

► ater* 
t 
°F.

SEC U ts. T
- 39 -

*et al
t 
°fr.

Stewt eater
h b

B.t.u./(hr.) B.t.u./(hr.) 
(eo-ft.) (at..ft.)

*
•assumed mixinr Cues II, 0 * O' at each rib.

f • 0.827 between riba.

>DerlutionPosition

Matbod of calculation of beat transfer coefficients - beats:

The water ten per a tore nay be expressed aa a function of Mie heat input.

L'Fa'a - 2.625 x 10

q * bwA(ta - t*) Heat balance* at aqgr section 

q - 0 A(t. - t>)

1
3
7

15
24
25

i

for iaperfect nixing 
t^, • c ♦ •••

Deviation of beat transfer coeTficient, aa predicted by Rieder -no Tate 
equation, froa valuee calculated from dut*.

(a) calculated from direction of position 1.
(b) calculated froa direction of position 8.

• 2.625 x

: i* a• •
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(CCMit'O.)Exhibit J-

relatiuneUPThere 1» a of r)(definition
tiehwhmU he

(J «

nearly constant; constant
Mh.

X 31 * IOf “

a u*tl<*»”:
•ruatiorteCondi ini nr all *>•••

Know-
• a c(1) *

h»>

aSole® f’r;

(2) Check: U.e exitml nosteope ratere
_ O)

- 53 ra q
arethese equiti’*’until »U throe oirevised

W

he

Inf.

therefore.
L"1^5, therefore.

The aseweottceu* .are 
eonalat*****

*;) Fin d, chack: 
water teeuperature

* f • a *

a e-a

a a
11 
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between U a*10

** * •**
’• ♦ •• 

• ♦ • a a a

treat It a* linear 

r la not a

hw _
7>Si - 1

- c — a‘<0r • hw^e
the ew of inlet wetar 

corrected for al*i<V
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