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SUMVARE

In heat exchangers, in which the walls are heated by internal
heat sources, it is possible for wall tm;mtm; w&w than the l;m to
ocour in the corners of moneirvouler flov passages. Thus in & squere or ’
triangular passage lov veloeities oscur in the csornars, and the resulting
desrease in the heat transfer coeffisient produces higher temperatures in the
walls at these loecations

A generalized analysis is presented, taking into asgount the variation in
the heat transfer coefficient along the surfece, by vhigh it is possibtle %o
comte.loul temperatures in the walls of nonsircular flow passages in the
vicinity of the corners. Computations have been made for a representative
component (Figure I) composed of a honey comb of rectangulsr 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 Jjunctions and corners then

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

A generalized analysis of this problem has been made without imposing
limitations on the nature of the fluid employed. However, to obtain nmumerieal
results a knowledge of the loecal velocity or temperature profile throughout the
nonelircular passage is required.

Thus in obtaining the generalized solution the following assumptions are
made in order %o obtaln an analytical result.

(1) The plate forme a fin of infinite length in the direection of fluid
motion and of uniform thickness.

(2) The thermal conduetivity of the wall is constant over the range of
temperatures present in the plate and is assumed infinite aercss the
thickness., This reduees the analysis to one dimension,

(3) The internal heat souree in the wall is assumed to be uniformly
distributed throughout the wall material,

(%) The heat transfer coefficient in the eorner of the passage must be
ecapable of being approximated as a linear function of the distance
from the cornmer,

In order to solve the generalized equations for the perticular conditions

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

— (1) The Prandtl number of the coolant is taken as 1. A eondition fulfilled |
by alr. |

(2) A fully developed veloeity profile is assumed.

(3) The turbulent diffusivity of heat and momentum 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.

GENERALIZED SOLUTION

Let us consider one wall of a recbangular passage. The temperature of the
vall will be symmetrical about a plane midway bebween the two eorners or a half

width of the wall, € . The wall or plate fin has a shape as shown below.

d}/

TWO REGION FIN WITH A VARIABLE HEAT TRANSFER COEFFICIENT
O THE SURFACE OF THE CORNER REGION



vhere
T -~ ¥fin thickness
W - f£in width (assumed infinite)
x =~ distance from the base of the fin
-~ +thermal conductivity of fin material

- uniform heat transfer eecffioient for the passage, at &

k
h
hy - Jocal heat transfer coefficient
D - hydraulic diameter

Q@ ~ heat generation per unit velume

t - local plate or fin temperature
tg - fin temperature midway between the retaining plates
L - fin length at which hy = h

tg - mnixed mean air temperature

’TJ - (t - ta)
X - x/L
E -@/L

Tt is necessary to divide the fin into two regions., The first has &
variable heat dransfer coefficient and extends a distanee I from the eorner.
The segond exbends from L o &€ and is one over which the heat transfer
goefficient is gonstant, The fin or wall is thin and henece the flow of heat is

trested in one dimensien,



Congsidering the region at the corner first, let us represent our local

heat treansfer coeffici®8 as a linear funetion of x for the upper fin surface.

Thus: ..
. by/h = ax
Similarly for the lower surface
by/b = bx

A differential equation can be written for the fin by means of a heat
balanee across the inersment dx. ]
(1) Heat inte dx, at x, by conduction:
= - w38
n- - (i)

(2) Heat out of dx, at x + dx, by conduetions

. at a2y
&;2 M.a.;+.a;§dx>

(3) Heat lost to the surroundings by eenweetion:
q3 = (ahx + bhx)(WT&x) = BWET'xdx
Letting f = a+ b
"(4) Heat generated by imternal sourees:
. Uy = QUY dx
Combining thege heat térms and simplifying we obtain the general
differential equation: .

%7 =w

Tl
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On changing variables we obtain:

This is a linear second order differentisl equation. The solution of
the homogeneous equation can be found by the methed of integration by series.
Having determined the solution of the homogenecus equation, it is then possible
to obtain the partiswlar solution to the complete differential equation wwimg'
Picards iterative mgthod. The sum of the homogeneous and particular sclution
forms the complete selubtien as follows:

Y= A,(1+ %ﬁ_x_i_+ [m'ﬂz ”Xf +m)
cn(e A be] ...m(.)

i - LI mB x5
- % (a i FEETE o
vhere A, and Ay are cousbanbs whose velwe depends on the boundary eonditioms.

Let us ake for boundery eonditiens T’ = T, and %_;ixaauu@. This
is equivalent %o assuming an insulated boundsyy or & point of symetry at X = O,
Then Ay =T ¢ and Ay = O,

Over the sedond reglon of eadip the heat transfer coefficient is @

constant value on both surfaces. For this regien the differential equation is

7 Py _uf

ax= ¥T k
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This 18 a second order limear differential equation with constant
coefficients. The solution is readily found to be:

+J§nx J;LX

T =88 + A3 8
The boundary conditiens are givem by 7= 'I‘E-.tx=3mathatthe
temperature gradient and temperature at the junction ef the twe regions
mist be equal, Designating the temperature at the jJunction where X = 1
(x = L), as ’fl the arbitrary eonstants Ap and A3 above can be evaluated.
The solution then becomest

Lf B T J—”'” -ﬁ,{ Ei-Eex-u
" 5

+2 J‘g (m-:,)

1+€ 1+& Jg(L-LE)

A solution for the corner temperature can now be found by equating
temperatures for both regions at X = 1 and substituting for the gradient
above that derived from the expressien for the region near the eorner.

Thus let us use the solutien for the first reglon for an insulated base
or zereo gradient at X = 0., On equating temperatures for both regiens at X = 1
the following expression gontaining the "hot spot" or corner temperature ’fg
results:
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. Toofo v 2 ol H m)
(38 sy BB e )
CH Er HRe
+EJ§(LE-L) +2J‘5'(L-LE$
| %ﬂﬁ,ﬁm(‘% %’f[%“—ﬂe 5-%'-5

In order to eomplete eur analysis we must exsmine the vertical wall

wvhere

or retaining plate to asseriain the loecal temperature rise due to the
insulating effect of the horizontal wall, We shall treat it as a plate with
an insulated strip and shape as fellows:
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The symbols to be employed have the seme designation as in the
previous problem. The plate temperabure is symmetrical sbout a plane
through the middle of the insulated section. Agein we must divide the
resulting fin below the plane of symmetry into two regions. The first
region extends a distance L from th; 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,

+I%% LX -J%%fL X

’Y = Cl e + 02 +——@'—§—

is given by:

where C; and Cp are arbitrary eonstants. The point X = O has a temperature

7<n and a temperature gradient of 0. Hence, the constants are evaluated as:

ol

"o _ QT
Cyr = Ch =& e = &
1772 5~ %n

The wall temperasture over the second region in whieh the heat transfer

eoefficient is a eonstant on bobth sides is given by:

lEh ‘Qh .
T LX N5 L X .
h

’7/=C3e- +Cl{.e" + B

oo

Again equating temperabures and gradients at the junction of the two
regions (at X = 1), using the boundary condition'7j = ‘Té at X = E, we arrive

at an expression eonktaining the "hot spot” or corner tempersture ‘Té.
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1 ljg_Qfﬂ e .- & 1 - 1
J2 2 " 42 %— (LE-L) +2 %" (L-LE)
1+€ 1+

Numerical results are presented for the assembly (See Figure I) listed
as first preference.

The Jjunction 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 907o 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.

=
i

15 Btu/Hr. Ft.2 OF /ft.

O
]

329 x 106 B‘t‘.‘ix/‘?&ar.f“!;.3 (at the back of the first row of plates)

+
1

= 0.00L ft. for]&he plates

]

0.00125 ©%. for the retaining plate
h = 181 Btu/hr.ft.2 OF

tg = 65807
ty = 1573 F
D = 000368 ftu

a="b= 638 henee £ = 1276

» [ XN
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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

= 0 is a satisfactory first assumption. For the assembly shown, L =
0.001565 ft. and E = 42.5, Substituting the above values into the generalized

expression, an expression is obtained containing the "hot spot' temperature To*

1‘7'2—25“2 oco)-5h(o5+9'—g—5—2+too =

{ (0.059 0.5 4,....)-5&(“0'@59 )} {.«T}

gl T3 x 0.01565 xRy Y
1+&€ 1+
oy
7, (1.001) - 54 (0.5015) = - 2.08% 7’3‘;#:;0071& x* o, 915
Hence
To = 1037°F
and

,TJO - a/m = 1037 - 915 = 122°F (Hot spot rise)

Next let us examine the vertlcal 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 hy is less than h. Hence for
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the assembly shown, L = 0.002065 ft. and E = 32.2. Substituting the sbove
values into the gemeralized solution for this situstion, the following equation

containing the "hot spot” temperature results.

o -(e 20
(T_‘% - 91'5)%0 203 + & 3) +915 =

1 [ To 0,203 -0.203 l /
1.5i5 ( 3 915) ( = - & 0.57% X 31.2 0.5 75%31.5
: 1+€ 1+ €

or
Te 7
(-_.% - 915 2‘0&0 + 915 = e ——E——-é-e- - 915 g:h‘lg
Hence
T, = 1084°F
and

T, - Tn= 108 - 915 = 126°F (Hot spot rise)

Sinee beth temperatures (7 ,) are approximately the same, the assumption

|
that the base of the[ plite is insulated is satisfaectory. i
|

i

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 primary to retalning 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 1250F to approxi-

. s o
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mately 250°F. Hence, 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
inswlated, then Aj is not zero. Expressing the temperature gradient at
X=0hby .%Z.: -% , then Ay = --%z %{Z_’fa’ In most problems the
corner will be a point of symebry for the temperature pattern and hence the
temperature gradient at that point will be zero and comsequently A; will be
zerc. We have also assumed the midpoint bemperature bto be the average temperature.
Since the local temperature rise oeeurs enly in that small part of the plate
at the corner this assumpbtion is sufficiently accurate for compubtational
purposes.

When the included angle between the primary plate and adjacent plate or
retaining plate is different on both sides, then the first generalized analysis
will involve & three region solubion. The method to be employed will however

be identiecal to %hat for the two region problem presented herein.

W 4 Farmee

W. S, Farmer
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