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In heat exchsirigers, in wliich the walls are heated by in terna l 

heat tovreet, 1% it pottlbla for nail tê p«x*atHrttt (preatar tkaa tlM aoaa to 

eemur la tho ooznart of aeaeireaiat flour iMMaagea. ftai la a ifaan or 

trlaagsaar pattago loir volooltlot eooar la -Uw eenarty aaA tkt rotultlng 

Aeoroato la lOio boat traatfor oooffloloat produoot &lglur fiporaturot la tkî  

vmlli at tboto looatlwa 

A geaorallzod aaalytlt is prttoiktod^taklai lato aeooimt tlio varlatloa la 

tho boat traatfor eooffioleot aloag tho surfaeoi lay lAtltik It It pottlblo to 

ooiqnito looal tonptrataret la tbo wallt of aoaolreolar flow pattagot la the 

Yicinity of the corners. Computations have been made for a representative 

component (Figure l) composed of a honey comb of rectangular passages. The 

resulting temperature at the hottest point is approximately 125°F greater 

than the uniform, plate temperature. This analysis is based on a 90° angle 

between the plate and retaining plate, and a uniform source distribution 

throughout all plates. Had the angle between the primary plate and re­

taining plate been much less than 90° on both sides, then the resulting 

local temperature rise would be several times the above value. If the 

primary plate and retaining plate are "dead" at junctions and corners then 

of course a "hot spot" will not occur at these locations. 
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ASSOMFglOHS 

A generalized analysis of this problen has been aade vithoat iapesing 

limitations on -^e natoze of the fluid ea;pl<:̂red<> Hovever, to obtad-n mmeriGal 

results a Imovledge of the loeal velocity or testperatare profile throughout the 

noaoiireular passage is required. 

33ms in obtaining the generalized solution the following assumitloas axe 

Dade in order to obtain an analytical result. 

(1) TtB plate foxns a fin of infinite leî rfeh in the direetion of fluid 
BOtion and of uniform thickaess. 

(2) The theimal eondwrtiivity of the vail is constant over the range of 
temperatures preseiat in the plate and is asmaned infinite across the 
thickness. This reduces the analysis to one dimension. 

(3) ^ e internal heat source in the mil is asmuoed to be unifoxisly 
distilbated throughout the ̂ 1 1 imterlal. 

{k} Tbs heat transfer coefficient in the comer of the passage aast be 
capable of being approximated as a linear function of the distance 
from the comer. 

In order to solve the generalized equations for the particular conditions 

involved in the assembly, additional assumptions had to be made. 

(1) Eie Prandtl number of the coolant is taken as 1. A eondition fulfilled 
by air. 

(2) A fuUy developed velocity profile is assuaad. 

(3) Kie turbulent diffusivity of heat and mosBentam are equal. 
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If these latter* assumptions are fulfilled, then one can employ data 

for local heat transfer coefficients in noncircular flow passages. It can 

be seen by examining Figure 7 on page 32 of their report that the local heat 

transfer coefficient can be approximated by a linear function of the dis­

tance from the corner, thus satisfying a previous assumption. 

CSffiRALIZEB SOIOTIOT 
II I ,1 I • I I W — — L l i . — . — ^ , - - I • » I . . . I - ^ I . .1—11 -

Let us consider erne m U ©f a reetan^alar i»ssage. The temperature of the 

wall will be sysametrleal about a plane midway between the two comers or a half 

width of the wall, <£. . fh® wall or plate fin has a shape as shown below. 

4^ 

FIGURE H 

TWO REGION FIN WITH A VARIABLE H^m^ THAN^ER COEFftCIENT 
QH THE SURFACE OF THE cO«WER RCfilOlSf 
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where 

T - fin thickness 

W - f in width (asstaned in f in i t e ) 

X - distance from the base of the fin 

k - thermal conductivity of fin material 

h - uniforEa heat transfer meitSlmim^ for the passage, at C 

kg - local heat transfer coefficient 

B •- hydraulic diameter 

Q - heat generation per tinit volu^ 

t - local plaite or fin t«&;perature 

tg - fin temperature midway between ttie retaining plates 

L - fin length at which hjj = h 

ta - mixed mean air temperature 

y - (t - ta) 

X - X/L 

E - « / L 

It is necessary to divide the fin into tw« regions. The first has a 

variable heat transfer coefficient and extends a distance L from the comer. 

The second extends from L to C and is one over which the heat transfer 

coefficient is constant. The fin or wall is thin and hence the flow of h^tt is 

treated in one dimension. 
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Considering the region at the comer first, let us represent our local 

heat transfer eoeffieitoitt as a linear fuaation of x for the upper fin surface. 

Thus: ' 

hjj/h = ax 

Similarly for the lower surface 

hx/h »= bx 

A dlfferestial equation can be written for the fin by means of a heat 

balanee across the increment dx. 

(1) Heat into dx, at x, by conduetlont 

(2) leat out of dx, at x 4- dx, by eond^sti<ms 

(3) Heat lest to the surroundings ̂  eoixTCetiont 

qj = (ahx + bhx)(¥T^) = hWf'T'xax 

Letting f = a + b 

(k) Heait generated by iatemal aottreeas 

q̂ . - QWT dx . , 

Soaibining these heat t<̂ niis and sis^lif^ng we obtain the genezul 

differential e^uationt 
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On ehanglng variables we obtain: 

d̂  r _ hfL-
xr 

QL' 2 

d X^ ST h 

3hi8 is a linear second order differ^tial equation. The solwtion of 

the homogeneous equation can be found by the method of integration by series t 

Having determined the solution of the hoaQgeneous equation, it is then possible 

to obtain the partiealar solution to t^e sam^eta differential equation iHifaĉ  

Fieards iterative method. The sua of the homogen^fus aasA particular solution 

forms the eemiilete selutian as foUowBi 

.S 
. /, hft3 x3 [hfiil' / ^ \ 

T - A^ l̂+ -15 2;^+ JngJ 2.M»6 ^/ 

m? 11^ ̂  hn^ x̂  (MSA X® ^ 

yibuBPa Â  and AH are oOTantepta iibos<̂  value depends 9& tlut boû î iary M t̂dltlomtr. 

Let ms talce far bouudsxy aendltleaui Y » 7 i and i-X. « © at X =: ®. This 
d X 

Is equivalffiat te assuttfiBg aa insulaied bainidiaejr or a p»l3it of syanatzy at X » 0. 

Then AQ " f o 9S0& Ax* ®* 

@vier taK sectond region of ««t#Lp, the heat transfer coefficient i s a 

ecBStaat value on both surfaces. For this rsgioa the dlfferenlsial equati^ is 
i|2 V 
I ' n . f. 

^ 2 
^tf y 

• • • 
• • • 

9 
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This I s a seeond order l inear differential equati«fn with etmstairt 

coefficients. The solution i s reacUly fowod to be: 

The bQiundary oonditlozui are glv«Q by T ^ V ^ at X «> E and that the 

temperature gradient and teqpersture a t the Junetion of the two regions 

acist be eq)»al« Designating the t«sq>eraturt a t the Junetlon vimve X - 1 

ix ^ l*)t as T^ the arbitrary eenstants AQ and A3 above ean be evaluated. 

The solution then beeoosesi 

dV 

r- ! ' • 

f®' 1 

+2 
1,+ c 

JH^I ' ^ - « d X 

7 H ( ^ ' 

M l a , 
2h L "JkT vl" X - !•) 

: e + 
^ 2 fM (L-LB) 

1 + e ' J B 

A solKtlmi for the eomer tes^esewtore ean now be found by equatii^ 

t e^era tu res for both regions at X « 1 and substituting for the gradient 

above that derived from the expression for the region near the eonier. 

Thus l e t us use the solution for HlMt f i r s t region for an insulated base 

or zero gradient a t X » 0. On equating tea^ra tures for both regl«ns at X = 1 

the following e33>ressi©n eontaining the "hot spot" or comer tei^peratureV© 

results: 



10 -

( 2 
, hfL^ 1 IhfLT 1 ^ 

. QL̂  / l ^ hfL3 1 . teCL^l 1 '^ 

d Y / rW 1 dVt 15 1 
' « III ' «• "v.^—;' ~ 111*1 « II111 + 

x.e:^Ji<-« ,.^'W-^' 
t 

-vhave 

dV 
rr(Y^''^o 

a 
fm? 1 + fhfL^ 1 . \ 

( ^ ^ hfL^ 1 ^ IhfL^ 1 1 

] ^ order to coi^lete our analysis we must eKmlae t ^ verbieal wall 

or retaining plate to ascertain the local teasperatwe r ise due to the 

insulating effect of the hegrizontal wall. We shall t rea t i t as a plate with 

an insulated s t r ip and shape as fellows: 

g X 
^ 

FIGURE ID 

TWO REOION FlM^.WlJM . / ^ NSULATEO STRIP ON 
THr SURFACC OF̂ .. ewe.. fff^OI* ,. 
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The symbols to be sBrployed have the same designation as in the 

previous problem. The plate temperature is symmetrical about a plane 

through the middle of the insulated section. Again we must divide the 

resulting fin below the plane of symmetry into two regions. The first 

region extends a distance L from the symmetrical temperature plane. Over 

this region, one side of the plate has a uniform h and the other side is 

insulated. The second region extends from L to G. and the h is uniform on 

both sides. 

The equation giving the wall temperature over the region with a constant 

heat transfer coefficient on one side and insulated boundary on the other, 

is given by: 

L X •^ •—*— XJ A 

y <B CT C + Or QT 

where C^ and C2 are a rb i t r a ry constants . The point X = 0 has a temperature 

'YQ and a tenrperature gradient of 0. Hence, the constants are evaluated as : 

1 2 2 2h 

The wall temperature over the second region in which the heat transfer 

eoeffieient is a constant on both sides is given by; 

2h 

r = Co e 
L X 2h L X 

QT 
+ 2h 

Again equating temperatures and gradients at the junction of the two 

regions (at X = L), using the boundary condition / = Tl at X = E, we arrtre 

at an expression containing the "hot spot" or comer temperature 7^. 

^ C: 

• • •• 
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/ 

+2 vP (̂ *̂E«i) 
M? 

+2 ^ (L-IE) 
^ kT 

1 + e. 

Numerical results are presented for the assembly (See Figure l) listed 

as first preference. 

The junction of the horizontal plate with the retaining plate can be 

approximated by our two previous fin solutions. The fin to wall angle is 

taken as 90 on each side. The physical dimensions and heat transfer properties 

of the assembly are taken from the above mentioned memo, 

of the assembly are taken from the above mentioned memo. 

k =15 Btu/Hr. Ft.^ *¥ ̂ ft. 

Q = 329 X 10 Btu/hr.ft.-^ (at the back of the first row of plates) 

T = O.OOl ft. forljthe plates 

= 0.00125 ft. for the retaining plate 

h = 181 Btu^hr.ft.^ ®F 

ta = 658OF 

t^ = 1573°F 

D = 0,0368 ft. 

a = b = 638 henee f = 1276 

,̂7 
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Let us consider first a horizontal plate using our first generalized 

solution for a variable heat transfer coefficient along the surface. For the 

assembly shown in Figure I, a zero temperature gradient at the fin base or at 

X = 0 is a satisfactory first assumption. For the assembly shown, L = 

0.001565 ft. and B = il-2.5. Substituting the above values into the generalized 

expression, an expression is obtained containing the "hot spot* temperature Xn • 

Vo ( 1 * ^ — ) - 5 ' ' ( ° . 5 - ^ — ) = 

059 ̂  0.059̂  ̂  
F~ * "30 •*" •*• )-'̂ (-^—)}-[^} 

TS75~ " -311 X 0.01565 X 4.'̂= ̂  * ^•^^ 
X + c 

^ y * 

or 

Hence 

and 

0.0295 Vo - 1.007î  X 5̂  
Yo (1-001) - ^^ (0-5015) = HISJ—^ + 915 

1'^ » 1037*̂  

V - V = 1037 - 915 » 122®P (ast spot rise) 
o m ^ 

Next let us examine the vertical retaining plate for a hot spot at the 

junction with the plate using our second generalized fin solution for an in­

sulated border. The insulated border can be taken as equal to the sum, of the 

width of a plate and the distance over which ĥ - is less than h. Hence for 

JS 
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the assembly Shovm, L « O.OO2065 f t . and E - 32.2. aabstitutiag tiie above 

values into the ipmeraHsed solwtioda for this sitaaticm, the following eftiation 

eontainlng the "hot spot" temperature results. 

/Vo \/0.203 - 0 . ^ 3 \ 
( - | - 915)^ + e j +915 = 

_ i _ (3k-. 915] fe,'''^''^ . ^̂ •̂ '̂ N̂ / / / 
i . M V ^ ^ i'J-snc; - e> 1 ^ 0.57* X 31.2 -0. 

^ / ^ • ' L i + e i + e 

5^x31.2 

or 

p i . 915) a.*o * 915 =. - ( ^ ^ - 915") fe 

Hence 

and 

V = 10̂ %®F 

nl - y ^ = lOiA - 915 = 129®F (Hot spot rise) 

Sinee beth te^paamtares (T^) are approximately the same, the assumption 

that the base of the pIAile is insulated is satisfaetory. I 
fl J 

DISCUSSION 

The preceding analysis has been made in a general fashion to facilitate 

computations on various design proposals for the assembly. The equations are 

applicable to other primaiy to retaining plate angles besides the 90° angle 

used in the numerical calculation above. It is interesting to note that a 

change from 90° to 60° on both sides of the primary plate in our previous 

problem would increase the "hot spot" temperature rise from 125°F to approxi-
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mately 250°F. Fence, it is desirable to keep angles between plates as 

large as possible. 

If in our first generalized solution the base of the fin is not 

insulated, then A^ is not zero. Expressing the temperature gradient at 

X = 0 by . O i = " ^ > then A^ = - - ^ = ^ . In most problems the 

coraer wiU be a point of synmetry for the temperature pattern and henee the 

teaipera'tere gradient at that point wiH be zero and consequently Ai will be 

zero. We have also assumed the mldpoinfe teapecrature 1» be -Mie average te^erature. 

Since the local temperature rise oeeurs only In ttat small part of tte plate 

at the (Kjmer this assumption is sufficiently ̂ eiirate for coî Hitational 

purposes. 

When the included angle between the primary plate and adjacent plate or 

retaining plate is diffearent on both sides, -feen the first genesiallzed analysis 

will involve a three region solution. The mefchod to be ̂ tployed wiU however 

be identical to ISiâ  for the two region problea presented herein. 

U^J^. '4IA4fU4>^ 
V. S. Farmer 
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