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I. INTRCDUCTION

In order %o increase the rate of heat transfer from a
primary surface, extended surfaces in the foxm of fing of
different shapes and sizes have been widely used,

In recent years ping have been used instead of fins
to increase fthe rate of heat transfer., Hsien (1), working
on the original idea of Professor Hsu' has proved that the
rate of heat trausfer through a pin can be further
increased by the addition of annular fins on the pin.

The objective of this thesis is to optimize the
design of an extended Tlat surface with finned pins and
determine the lwprovement in the rate of heat transfer.

The general procedure o be follewed is as follows:s

(1) Theoretical analysis of the heat transfer character-
istics of various degigns of pins and finned pins.

(2) Optimization of the design for a given primary surface
using plain ping and fiunned pins,

(3) Experimental measurements of heat transfer rate for
finned pin, plain pin and primary surfaee,

{4) Comparison of rate of heat transfer bebween an

extended surface with finned pins and plain pins.
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BVIEY OF LITERATURE

Txtended surlfaces are commonly found in the form of
fing atiached o the surface of a machline part for the
express purpose of increasing the rate of heat fTransler
between the surface and an ambient fluid. It is on ¢his
principle thet fing find numerous applications in elechrie
cal apparatus, heat exchangers, wvadioteors, and sgo on., Flons
ave made in various profiles and shapes., PFor any particular
application, the problem is to select a fin which will give
maximum rate of cocling, wminimum materdal, minimun
resistance to alr flow. adequate strengith and ease of
manufacture. Schuelder (2) and Jac 9b {3) have discussed
heat transfer rate, efficiency and temperabture distribubtion
of various types of clircumferential fing and spines.

McManus and Starner (4) determined the average heat
transfer coefficients for éhe ractangular £in arrays. They
plotted curves for temperature vs., average heat transfer
coefficlents, These coefficients were determined for
various fin positions, Schryber (5) provided heat transfer
coefficient data on a serraved type of finned surface and
also showed the case of fabrication and the flexibility of
gizes.

Kays (6) adopted small diameter circular pins in
contrast to fins on the heat transfer surface and proved

that heat exchangers with plianed and finned surfaces are



competitive, so fapr as volume and weight are concerned,
Norris and Spofford (7) presented test results for a
group of small discontinuous finsg and pins and proved
that the heat transfer coefficient can be almost twice
as high as that Tfor continuous fins.

Avraml and Little (8) studied the temperature
gradients in two dimensions with thick fing of
rectangular profile, and also established the crifical
Nusselt nunber below wailch straight rectangular fins are
more effective. Carrier and Anderson (9) presented
solutions in tewrms of infinite series for circular fins
of rectangular and hyperbolic profile.

Gray, Mathew and McRobert (10) derived the eguations
for heat transier through circular dige fins which were
later wodified by Murray (11) for special cases.
Transawa (12) gives calculation of heat transfer rate in
simple shaped fins including cases in which thicker and
shorter fins are exposed to flowing liquid. Charbts for
evaluating mathematical expressions are given, fron
which heat dissipabtion frow the fins can be calculated.

Schmidt (13) introduced the apparent coefficient of
heat transfer as a function of the dimensions and the
mean coefficient of heat transfer in ovder to facilitate
the calculation of heat transmission from or $o finned

surfaces. Keller and Sommers {14) plotted curves for
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the efficiency of an annular £in of constant bthickness.

Tate and Cartinhour (15) described four types of
heat exchangers with disc-one-tube as the extended suprface.
Kavs and London (16) presented basgic heat transfer and
fiow friction design data for thirbeen plate«fin type
and finned {lat-tubse Cype surfaces. The varlous surfaces
were comparad on the basis of heat transfer coefficlent
and flow friction horsepower. Kays {17) has also worked
on six compact higheperformance heat transfef surfaces.,

Kayan and Gabes (18) dealt most comprehensively with
the analysis of finned structures found in many
engineering application.

Dusinberre (19) and (20) showed a trizl and error
procedure for getiing local surface coefficienty, and
gave an approximate form of fin efficiency for four
different bypes of fins.

The various types of heat transfer surfaces used in
most heat exchangers have been illustrated by Hsu (21).
He has alsc given in detail, the wmathemabics involved in
the design of heab exchangers,

Following the origiual idea of Proefessor Hsy,

Hseih (1) has added a new type of extended surface which
is known as a finned pin, It was found that the heat
tranafer rate can be increased by 61 per cent by a single

finned pin compayed to a plain pin of the same diameber.
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He derived a wathematical expression for & pin with two
fing, which could be moedified for any number of fins,
~In the Tollowlng chapters, the wodified mathenatical
equations have been used extensively.

Reiher (22) proved %hat the sbtaggered arrangement
gave substantially higher coefficients of heat bransfler
than an in-line arrangement, MecAdams (23) described the
work done by numerous investigators on staggered tubes
and stated that the heat transfer coefficient is somew
what higher for the staggered arrangement than for an
in-line arrangement., The increase in heat transfer
coefficient for the rows in the rear of the hank over

those in the front vow is due to increased purbulence.



ITT. THEORADNTICAL TWVESTIGATIONS

(o w3 o 05

(1) HBAT TRANSFER CHARACTERISTICS OF A PIN

P e

The variables thab ailect the wvabe of steady state
aget transfer between a plain pin and the amblent fluvid
are:

L. Dizmeber of pin

2, Difference in Genperature bebween pin
and anbient alr

3. Lengba of pin

%, Therual conduchbivity of the pin amaberial

For unsteady stabe heat btransfier two more variables,
the density and ite specific heat of {he material, will
ailsc have o be considered.

In anelyzing these vawviables, if we kesep the thermal
conductivity of the pin wmaberial, fhe convective f£ilm
eoefficient and the temperature difference bebween oot
of The pin and anbient aly coustant, we are lefly with only
two principal variables, viz, diameber and the length of
the pin. Therefore, the cuprves can be plotbed with the
diameter of {he pin against heat flux for various lengihs
of the pin,

A equation for the heat transfer rove through a pin

prodecting from'é"primary surface is given by Kreith (24)

a8 follows
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Grashofl number
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¥

e

Difference in temperature befween the rin and
awbilent air (¥)
d = Dlamefer of the pin (%)
By uweans of a computer (IBM 1620), a fanily of curves
of 4 vg, 4 are plotted as shdwn iu the fig, 1 with T =
124,2 ¥ and k = 30 Btu/ur % F, Tne data for £ig, 1 are

shown in Table A-1, in the Appendix A,

Toon tnese cupves it can hbe seen thaks

o

e Hith decrease in dianchter of the pin, the heat transfer
rate increases, The increase is notable bebween the

ronge 0<d (03 and then the slope of the cumve grad-
ually decreases for d >,08. The incrsase in heat
tranefer is due to the luprovement in h with decrease
in the value of fhe denomimator in eguation (3-3).
2, ¥op a glven dlamefer, the heat transfer rabe increases
with increase in lengih, On the other haund there is
2 1linit to which we can increase the heat fransfer
rate with Increase in length.
I'n view of the sbove discussion it can be seen that
for a given heat transier rate, the design of a pin can
be opbimized by debemnining the ideal combination of

length and diameber of the pin,
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(2) HEAT TRANSFER CHARACTERISTICS OF & PINNED PIN

In The analysis of a Tiuned pin, nore variahleg are
involved,

Q@ = ¢ {d,D,b,8,L,n) (3-4)

Q = Heat flux (Btu/ftehr)

d = Diameter of pin (f¢)

D = Outside diameter of fin (£%)
b = Thickness of f£in (%)

L = Length of pin {£%)

n = Number of fins (£%)

s = Spacing of fins (£t)

It would be rather complicated to vary one of the
above variables and hold the rest of them counstant., PFor
a given value of d and D, if b is doubled, the volume of
the materlal will be doubled without appreciable incrsase
in the surface area. 0On ¢he other hand, Pwo fians with
thickness b will have two times the surface area comparsd
to one fin with 2b thickness, Therefore, instead of one
thick £in, a greater nuwber of Fhinner £fins will be
preferable, So we wmay choose a minimum thiclness for the
f£in and assune that 1% be constant, Secondly, from the
previous analysis of a plain pin, we know that smaller
dlameter is better for increasing the heat transfer rate,

but a pin cannot be Yoo small o be practlical. So a



suibable dlameter iz selected for bhe pins. Thirdly,
fing will be equalliy spaced over the entire lengbh of
the pin., So two variasbles @ and » will werge inbo a
single variable, ¥Finally, the vardsblcs involved are

D, L and n.

(3) MATHEMATICAY, EQUATIONS POR HEAT TRANSFER FROM &

FINNED PIN

St Ko 3V i D

The mathematical eguations for the $wo disced finned
pins were derived in detail by Hsieh (1). In the
following discusslion a sumuapy of the derivation of
these equagions is glv

The derivatlon of the eguations was based on the
principal asémmptioﬁ that the tenmperature of the ambient
alr, thermal conductlvity of the maberial and convective
heat transfer coeflficient ave constant. It was also

assumed that the heat transfer 1s by convectbion only

Nomemclature-

& Average convecbive healt tronsfer coclliclend
(Btu/nr £E2 )
k = Thermal conductivity of finmned pin (Btu/hr £t F)
Diameber of pian (£%)

$¢

(=B =
%

Cuteide dilameter of fin (%)

Iength of pin

gl
£ ]

s = Spacing or pibch of fin (%)
Nurber of fins
t = Thickness of fin (%)

i {]
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Tenperature at the roob of the pin (P)

= Ampient bemperature of alr (F)
Temperabture excess abt the root of the fin
to = Lz (F)

Rodius of pin (f£t) = 72

a o D
cubside radius of fin (£t) . -

Qs QF sessans Q, = Rate of heat transfer
at the root of fhe pin with 1, 2, 3 eseses

pins spaced equidistant frowm each other,

AN

f
a
1
|

k— Cc—>

Fige 2a A pin with two fins



The finned pin is divided into pins sand fins, and
are nurhered as shown in Figurve 2 a.

Heat flux from the pin 7 is given by equation
{(3-1) as:

tanh we + Hy (-
1+ Hy tanh me

Q\?-,,O = kAm O7.p

H

ki 37_6 By

where,
Q7.¢ = Hea flux from pin T
70 = ¥7-0 = ¥a
t?_g = Root bvemperature of pin 7

. [In
tid l,id

h
By = - tanh we + Hy

1+ Hl tanh nme

Heat flux from fin 6 is glven by Schaeider (2) as:

oty 6 o SLF1)I1(Nop) - T (Mg )Ky (Nrp)

Qup = o = o
Ko (Nrq )11 (Nep) + Io(Nry)Ky (Nr,)
= B2%6-0 . (3-6)
where,
Qg0 = Heat £lux from fin 6

t5.0 ¥ Average root temperature of fin 0,

N =f 2B
it .
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KG s Zeroe ordsr Modifled Bepgel Function, 2nd Kiod
Ky = Fiprst order Mcdifled Bessel Functilon, 2nd Kind

IO = Zero order Modlified Bessel Punction, lst Kind
I; = Fira? ovder Modifled Bessel Function, lst Kind
B, = ommidige; L (VFL)T (Nep) - Ty (e )K; (M)

Ko (Mry ) Iy (M) + Io(Neq)E, (Nry)

For determining the heat flux in pin 5 let us assume

that pin § is surrounded by a flctitious flulc having a

heat transfer coefficlent equal %o hy, then
Q5.0 = 245 850
= 11 {ndt) 85,0 (3-7)
Equabing equations (3-6) and (3-7), and rearranging
g =.j2§w,
- VANs+ 7

Now pin 5 car be considered as an individual pin with the
Tollowing boundary conditions,
Qp.g = Q7.0 and 8s.g = By p ab x = €
9 = 8; -0 8t % 50

where,
Q5M% = Heat flux from the end of pin 5
Feow the heat Palance of the differential zlenent of

pin 5, we arrive at ¥vhe following equation

129 o 2 , :
e-.ug}:g... o £y 9 = ,mi = “‘!‘hi (308)

kd



Tha golublion of his eguation alier pubiing the

houndary conditisn Tor pin 5 is:

=

A ' O T U Sotn s [
@gwx_ o coml ml(u x) +Hy sinh my (L-x) (3-9)
>=% eosh myt  + Hey simh wgt
where,
T ~ lwl..._ =3
2207 Ty “'“3.L

Porpin 5ab x 2 ¢, 6 = 85*@ s 87.0

Therefore, equation {(J=9) becomes:
65,0 ’
O7-0 * FrEARE T Hs SIAN BiE (3-10)

whers,
33 = i
cosh wi% + Hp ginh 4%

By differentiabing equation (3-9) and putting x=0
we geb,

= -ty 5.0 2inh ngt + Hp cosh wyb
Kl cosh w3t + Hp sinh mgb
dae

G| =0

banh myt + Hy

L+ Hy vanh nyt

&8

=il

c‘i‘
Ut
<
it

& IAY
kﬁmiﬁgmg

13

Whing & 5w0 By {3-11)

tanh msd +Ho
* L +Hy tanh mit

for pin 4
let Qu.p = Heat flux from tihe end of the pin 4

at x = b
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the end of pin &

S iy, 7 o wgy e L v “:,'v, P IR S - .
W ONETMLeATUre cLurlelence o

E 43

Q. *® Q5.0
Oy = 850

Qo = A T | up = A 2| (3:12)

Bquating eguatione (3-11) and (3-12) and rearrenging

p o) - ,,?‘-3‘ Sy ,3”.- -
g = 1“‘:;_,4:95 ) (_,J J.j)

Recall that bhe heat balance equabion for a differential
element of & pin is

9%2 I - (3-18)

The bomndary conditionsg for pin 4 awve:

of

1)

=
LERF

<
]

=5 8 =0k

With the help of equation (3-11) and the boundary
conditions for pin 4 the solubion of eguation (3-11)
iss

& cosh vn{bex)+ Fs sinh n(bex) (3=15)
S0 cosh mb  + Hg sinh wo

where H, = e A5 <1

1

de
Quap = ¥A gx

% = 0
where
Qy.p = Heat flux through pin b at x =20
&Ql



ae 18 ohbained by diflerentiabing equation {3-15)
ax e}

and pugblag x=0

therelore,

Sanh wb + iy (3-16)
l + -L:j taﬂh YJJ

Q1 = Qu.p = KAwsy .o

Next, pin 2 comes into consideration, Since bhe
conditions of pin 2 are similar %0 pin 5 we can obbaln

the solution for the deberminabion of heat Lrensfer rate

on the same pattern.

& _ cosh m, (b=x) + Hy sinn my(b=x) (3-17)
®e n cosh Lit +Hy sin mgb

. pacd = 1 P
where o = Bg

o
13524
KA

- tanh wb + H3
i +§i3tanh ik

b
o
B

he heat flux of pin 2 is analogous o equation (3-11)

Qpog = KAmyBoo,_- | (3+18)

aa\_,

. banh st +Hy
1+ Hy tauh mgt

The beat flux of pin 1 analogous to equation (3-16) is

By % Qy »~ =

KAu97 5 tanh ma +Hg
1 -H{S vanrh me

= kAugy _aBig {3-19)}
Where Q, = Q3_g 3 Heab flux Through the root of pin 1

tanh e +"kI5
1 +F- tanh na

- 1)
He o= a4
-..5 - B S
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The equatlions can be similarly modified for any number
of fins by the similar process. Following are the
modified equations giving heat flux for a pin with 2

maximan of fen fins equally spaced.

2L ~nt
n+l

2

Now,
ma = wh = ome 8 ms
P = fanh mg

Ti = tanh uyb

= h.a -
5 = Bio =7 (3~20)
Bio = itHo (3-21)
1+ Tyl
Hy = Bip ’:;i ' (3-22)
o Ty (3-23)
S
Therefore,
Q3 = kAm6 Byy (3-24)
Letg |
Hy = By —- (3-25)
= T3 +H
B = +1 3
1 Ty (3-26)
- 'mi:‘“' -
g Tmo (3-27)

T+ Hg y .
Big = TG 2 (3-28)



A o 3 Q F
Qy - ;{I%,nxwoBlg

fo ® B8 iy

B’)O - rj}i + H}.G
1+ Tyt
e

11 ® Bpp L
i+ TH}.]‘
Therefors, '

Q5 = B:Amﬁgﬁgg

Lev,

f

Hip % Bpp —ioe

mi
% = Tif + ng
1+ Tiﬁl‘z?

B

o

il

Boy 1
W

PThereiore,

Q6 = kAmBB26
Let,

T . mn
4114 & 526 .g.,é,g:

11
-
bt
.\.
ot
oy
o<

- ,. |
EQS T

[3%]
U\

(3-30)
{3-31)
{3-32)

(3-33)

(3-35)

(3-36)

(3-57)

(3-38)

(3~39)

(3-40)
(3-41)

(3-42)



Thereioyre,

Q7 = kﬁmegB30

1+ Tﬁic
Theref.‘or&j,
Y = kKAns . B
ng, 03‘3:58

Hap = B38
Byo = T tfeo

(3-43)

(3-%4)

{(3-45)

{3=46)

(3-47)
(3-48)



H:)'z = Bhﬁ Eﬁ..é'.. (3’57)
Co oy Yﬁ
. T+H..
Byo = _ 2% (3-58)
LYy
1+ Ty,
Therefore,
Qip = KAn®,Byo (3-59)

The equations presented in this thesis are gpecially
adapbable for the computer programming. A sample
calculation on page 45 will serve to illustrate the use
of the eguations given above.

In evaluating the values of @, computer (IBY 1620)
was extensively used. For a given value of L and P, ¢ vs,
n iz plobted, A waximum of 10 fing were used in the
analyzis, For d = 1/2 in and L = 1/2 in., Figure 2
ghows Q vs. n for D s 3/4 dn to D =» 1 3/4 in 1ncreaéing
in the steps of 1/4 in. With the same parameters as in
¥Flgure 32, sets of curves are plotted in Figure 3 to O
with d = L/2 in and L taking on value of 1 in, 1 1/2 in,
2 in, 3 3n;, % in, 5 in and € in. The date for these
curves are in Appendix A&, TFrom these cuyves 1t can be
seen thag:

1. The heat brensfer rabte ilncreases with increase in
oubside diameber, the increase iy appreciable for
swaller values of D but it is not significant for

large values of D,
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» Heat transfer rate increases uniformly with Increase
in nunber of fins,
3. D and n remalining same, heat trangler decreases with
increase lu length,

In view of the above discussion we can say that a
short pin with more number of fins and as big an outside
dianeber as permnissible would be most ideal.

When wany fimned pins arve asseubled on a surface, the
outside dilanefer of fins is limibed by the spacing of Ghe
pins. For & given lengbh of the pin, the boundary layer
thickuwess and the thickness of free convectlon control

the spacing of fias,.

(4) OPTINIZATION GF DESIGN OF FINMED PIN AND PLAIN PIN

| A detalled theoretical investigation of the heab
trausfer characteristics of a finned pin and a.plain pin
ied %o the optimizéﬁian of thelpr design. Sinece it had
bheen proven th&t a finned pin was the best a&éng the
extended surfaces for increasing the heat transfer rate,
tne_nezt.stey was o optimiae its desigan., For tﬁe purpose
,cf-éomparis@ﬁ an8 in x & 1/2 in, primaryksurface was
consldered most convenlent because 1% has sufficicni area
and %he building up of finned pins and plain pius will not
be too dirfieult,



Degion of pins

Design of heat transfer surface with ping was based

on the followling assumptlions.

ot
°

Toe temperature of alr arvound all the pins was

agsuned constant.

2. All the pins were al the same root btemperature..

3. The heat transfer from pin o air was by convectlon
only.

Since the surfaces of pins and finned ping are
polished. fthe emissivity will be low. The Gemperabure
difference for which we wlill design is 120 ¥, which is
not much for considering. pradiation, In & compact design
of pins and finged ping, most of these pins wili be
surrcunded by pins at the same temperature and tinis will
reduce padlation., Only effective radlation willi be from
those pinsg that are exposed to free abmosphere and such
ving are much less compared o the teolbal number of pins,
We can also determine equivalent radiation convesilve
neat transfer coefficient $o check whether it is congidered

significant,

(chdams) (3-€0)

h, # Equivalent radiation convective heat trsnsier

coelficient (Btu/hr £627)



0

g = Stefan - Boltzmann constant = 171 x 10"8

€

if

Enisslvity of the suriace

fa)

o

elute teupsraburs of rediating surface (K)

]
o

Iy

T
i,
A

Roos Tewmp, = 80 ¥ = 540 K

0

[#2]

= Absolute bewperature of ambient air (K)

Surface temperature of ping = J00+30C = 180 7 = 640 X

€ = .04 for polished copper from Hsu (21)
6&0)l§ ) (5&0)4
h, = .171 (.o%) 100 100

640 - 540

= ,0502 which is consldered negligible

FPor the design of pins an important consideration
ig to determine spacing of various size pins which will
be checked for heatv transfer rate. The boundary layer
thickness cof free convection will glve some ides about
the spacing but as we go in the upper rows the boundary
layer will be turbulent as explained on page I . In
view of the complex naturof the condltions, it was
very alificult ¢o arvive at a value of the clearance
between two successive pins, Since the diameters of the
pins tnat were vo be considered were small, an average
value of 3/1¢ in. clearance was considered a good
assumption. The votal number of particular diameter pin
in rows and coiumns were found from the geometrical

considerationsg as shown in Flgure 10,



The ganeral equation from Figure 10 can be writien

as:

w % (n-1)e +nd (3-61)
where,
n = - Number of pins

e = 3/16™

The number of pins and thelr $pacing were found for
each Giameber of pin. ILength of the pin was Judged from
Figure 1, Heab transfer prate was debermined by the
equation (3-1) with k = 220 Btu/hr 7% ¥ (for copper) and
8, = 100 P was congldered an average value of temperature
Por Hthe temperature range which will be covered while
tepbing. The entire computation was done on the cowmputer,

Table 1 gives the number of pins on the priwary
surface, length, dilameter and total healt transfer rate

from an 8 in x & 1/2 in, primary surface.



Table 1. Various Designs of Plain Pin

L Number | Dia. of Q/pin Total Q
{inches)| of pins| pin (in.)| (Btuw/ar.)| (Bou/ar.)
2 353 1/8 1.4171 538
2.5 246 3/16 2.4137 595
3 165 | 14 | 3.6 592
4 88 3/8 6.5025 572

¥rom the {our deslgus glven above, the one with

3/15 in, diaweter pin gives the maximum heat transfer

rate.

sc this was to be tested experimentally. Iurther

details of {his design are:

Cenbre (0 cenber distance belwsen consecublve pins

i vow = 3/9 in.,

Cenvre to cenber

vows = 3/8 inm,

Total @ for two

distance between tWo congecubive

8 in x 4% 1/2 in surface with 3/156 in

 2.4137 = 1190 Beuar.

the assenbly of pins.

Design of Finned Piasg:

et - &
The sassumptions

in the design of finned pins arc
[=3

same &8 thoce made in the design of plain pins,

in case of finned ping the asgembly was not S0 easy

as pins because %o pub wore number of finned pinsg we had



ek e

Fig. 11 Assembly of plain pins with insulation

Fig. 12 Asseubly of finned pin with insulation



to arrange them in such a way that they overlap on each
other, leaving a clearance of 1/8 in, which was considered
necessary for the free wmovenent of air bebween two over-
lapping fing. This was done by having thrse differeat
gize of pins whose lengths were 1/5 in. greabter than the
othier., From the curves on Figure 2 to 9, eight fias

were considersed adeguate, The pitch of the fing, on the
basis of a clearance of 1/8 in. was found to be

3x 1/8 = 3/8 in. The short pin exbtending from the last
fin was also kept 3/8 in. PFigure 13 shows the details of
three different types of finned ping, Total anumber of
varticular diameter pins were determined from the
geometrical considerations as gshown in Pigure 1%.

The general equabtlon for finned pin can be written

5]
e/]

w = nd +(n-l)f + (n-lle (3-62)
where,

n = number of pins

£ o= 1/8"

The number of pins and thelr spacing were found for
each given size of a finned pin. Heat transfer rate was
determined from the equation (3-4G). The Table 2 gives
the description of various combinationg of finned pins
that were tried to maximize the heat transfer rate from

an 8 in x 4 1/2 in, surface.



i3

N1 nnnnnonm

\

N

\

Q — S'J 3. a 3" L. 3 3" | 3" 3"
¥4 ~>‘.,C!‘-g’l < kA les ke ke s

.o‘.'
Z
¢ = 1/8" for pin # 1

£ o= 1/4" for pin # 2

1

o
L}

3/0" for pin # 3

Fig. 13 Diicnsions of three types of finned pin,
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Flg. 14 An arrangement of finned pins in a row.
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Tabla 2., Vardious Designs of Finned Pin

d D |Pin #1 Pin# 2 Pin # 3 Total

in. |[in. No.of| Q/pin | No,of| &/pin |[No,or | &/pin Q
pins pins pins (Btu/hr)

3/16| 7/14 60 | 5.5384% | 55 5,044 | 60 5,0k 950
3/16'11/19 36 | 9.335 | 36 9.634| 136 9.63% 1030
amlae| 35| 7,18 | 32 6.93 | 35 6.93 | 715
1/4 0 3/8 | 32 11,794 | 28 11,924 28 11.92% 1046
3/8 | 5/ 32 |10.222 | 28 9,786 28 9,736 874
3/8 | 7/8 | 21 (16,583 | 21 16,478 21 16,474 1041

Frowm the pin designs glven above it is seen that the

design with d = 1/% in, and D = 3/4 in, gives the maximum

heat transfer rate, bub the design with & = 3/8 in and

D = 7/8 in gives 5 Btuw/nr less, which lg small compared

to 1041 Btu/hw.

Since it would be much easglier to make a

prinary surface with a lesser number of finned pins, the

latter design was tested experiunentally.

of The design ape:

Purvher details

Center to center distance between consecublve pins

in row = 3/4% in,

Center to center distance between two consscutive

rows = 3/4 in,

Total @ for two 8 in x 4 1/2 in surface with d = 3/8 in

and D = 7/8 in fimmed pin = 2 x 1041 = 2082 Btu/hr.

Figure 12 shows the details of Tinned pin asseubly.




Degign of Surface Without Ping and Pinned Ping:

Heat btransfer frow a plate was congidered a basis for
comparing pins aend finned pins.
Tor low femperature and moderate size MeAdams {23)
gives:
h, = .29 (o741 )'gg
where,
h = Average convective heat transfer coeffilcient

(Btu/ar £6°F)

>
+3
1]

Differcince 1n temperature vetwesn the plabte and

air {F) = 100 °F

w
L

Length of the plate {£t) = 4.5/12
h w29 {100/ £:2)25

.29 (1200/4.5) 22

= 1,176

h 8,4

= 1,176 % 100 (8}“’*5)

£
]

= 29,5 Btu/he

(5) SAVPLE CAICULATION OF HEAT TRANSFER

1. Finned Pin

Given dava:
k = 220 Btu/hr 0% F
a = 3/8" = 1,/32¢
1/100" = 1/1200¢

(o
i



D = 7/8"
6, = 100 °F
n =8
s = 3/8"
Now .,
h o= 27 {éig ) B
= .27 (3ygs )%
= 2,032
. 4(2,032)

220 (1/32)

1.088(1/32) = 0.034

B s = 2.032
4 Tk 11,088} 220

1

0.0085

P = Tanh 8§ = ganh (0.03%)

= 0,034
B, = i.'?-t-ﬂl
T L HTH,
0.03% +0,0085 T 0.0425

* 1¥0.035(0,0085)

¢ </ 20 = / 2(2.,032) = 4,71
V=l y 220 (1,/1200)

TR - 20 .
MNp, = J.04 = 0,0736
LT e
Npo = b7 . = 0,i72

fn
D

{xe
e
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i

Kq (Nog )Ty (Nep) - T (g )Ry (Nzp)

By = 71kifd
Ko(Nry )I; (Nep) + Ig(Ney)K; (Nrp)

0.0914) - (0,038) 5,282
0.001%) + (1.0015)5.292

vy 10,02
= 20,0044
= . 10.62
= r%b md - =R v.ﬁ0885

Ty = TanbH = 0.00885

B, = TLirlp = 0,00885 +0.0425
TFTH~ 1+ (0.00885)0.0425

it

2,0132

oxs
14

mi B
i 4_
10.62{0,0132) = g,128%
1,088
N
6 '~M~T§*
1+ 3

C.03% +0.1288
1+0,034(0.1288)

!
N
14

= 0,162

= 0,0158
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H
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L
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1}
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*
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i
ny
yow g

m Bg = 1,003
m..i 1

Ie+ Hy . 0.00885 +90,0166

T T 1+ 0,00855(0,0156)

90,0255

10. 62(0 0255) = 0.2483

i

0.00885 + 0,0287
1+ 0,00885(0,0287)

L 1]

8.0375

my .

57-512

10,62 {0,0375)
1,088

T+ Hy

1+ Ty

= 0,3601

0,034 + 00,3661 -
= 0, 2
1+0.0348 {0.3661) 395

0.2799



Hg

H 11

b I

"

b

3

i

2.00885 + 20,0405
1+ 0.00Q9)(0.03305)

nix

= Byg

w
10.62(0.0493) » o 4813
058

T +H9

1+ oH
L+ “19

0.03% + 0,481 -

T 0.0 (0 EETT) 0.507

1.088(0.507) R
1u 62 , = 0.052

Ty + Hipo

i+

T H o
000885 +0.052 0 .

1+0.00835 (0.052)

L0608

<

‘ff}. Boyg

fii

1,088




Hyg

P

Hi h

S

#

H

| { I

1

-+ I
0,054 +0.5831 = 0.051h7
1+{0,034) 0.5437
i
7 Bz
1.088 {0.6147
58 ) 0.063
10.62
Ty +Mip
1+ TqHy0
$.,00885 + 0,063 £ 0.0718

1+, Jn,gu (3.063)

Y5 Boy
1Y

10,02 {0,0716)
1,088

0.034 +0,7000 = 0.71
1+0,03% (0,7006)

Wy

3

[

rvonenl Br‘; oy

diay A2
g

1.085 (0..1[/)} = ,0735
10.62
Ti-{-“f'}_l;.

R Gt O I

2 "'l‘ Tiﬁ}}‘g‘

0,00885 +0,0735 =
1+0,00885 {0.0735)

5

0.0823
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IV, EXPERIMENTAL INWVESTIGATIONS

(1) COBJECTIVE OF INVESTIGATION

From the theoreticsal consliderations of the preceding
paragraphs it 13 evident that the rate of heat transfer ig
greater for the finned pin than for a pin. The objeetive
cf the investigation is to verifly the princilple

experinentally.

(2) CONSTRUCTION OF APPARATUS

Heater
A separate heater was nade for finned pins, pins
and plates. The heabters were designed to give a uvniform
heating of the primary suriace., Nichrome wire was

wrapped around an asbesvos sheet as shown in Figure 15.

*.

Plates, Pins and Mlnned Ping

The construction of plates and pinned surfaces was
guite simple, but the finned pin surface was difficult
to make. Some of the important considerations in the
construction of the finned pin surfaces were:

1. The fins should it tightly on the pin and

the assenmbly of finned pinsg wmust be dipped
in solder ¢o ensure a mebal to metal contact
at the Junction of a pin and a fin,

2. A highey percentage of tin in the solder will

give a good finish to the finned pin surface.
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Fig. 15 Electric heater used for heating the front
plates
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V(7)) 2¢(8)

e 6 (/2)
3(38)°

56”) (lo) l

Fig. 17 An arrangeucnt and nunbering of the fherio-
couples. Mlgures in parcnticeses indlcad
taeriiocouples on the ofther slde of the p




A mininum of 60 per cent tin and 40 pey cent

lead was considered permissible.

Pigure 16 showa the finished asseumbly of a finned pin,
The themnocouples wems located as shown in Pigure 17
for all the three arrvangewents to get a good average
oot or plate fewmperabure. Sinces the gewperature of the
thermocouples was to go as high as 400 P, they were

brazed on pins and plates.

(3) LIST CP MATERIAL

The following meterials were used in the experiment:
Copper Mateprials
15, 3/16 in dia, % 12 £t long wrods fopr plain pins
L, 3/8 in @iz, x 12 £ long for making ping for
finned pins
D01 in x 12 £% x 14 £% coil was used to make fins

20 in x 20 in x 1 In plate was used for Tront

Insulatlon:
Porcelin insulator beads
1/8 in thick asbestos sheet for winding the heater
wire
2 1/2 in thick insulation for sides of the heater

hox.



LN
o

Thermocouple Wirve:
Matehed 30 gauge copper-congbantan wive with
plastic insulation was used.
Solder:
Solder containing 60 per cent tin and 40 per cent
lead waé used,
Heater:

Hichrome wire with .652 /% resistance was used

(4) LIST OF APPARATUS

The following apparabtus was used in this investigatlon:
Smmeters:

Weston type, Range 0-5 amps. 25-500 e/s, manufactured
oy Daystram,‘Ine.g Weston Instrument Division, Newark,

New Jewrsey.

Weston type, 0-3 amp., 25=-500 ¢/8, wnamufactured by
Dayatron, Inc,

Potentiometer:

Number 2745, Range 0-75 wV, portable type, manufactured
by Minnespolis-Honeywell Reg. Co., Rubicon Instruments,
Philadelphia 32, Penngylivania,

Voltueter:

Model 012, Weston btype, Range 0-300 V.

Variac:

Type W20MT3, one 8ide common Ho line and load, line



120 V, BO~B0 ¢/, load 0-140 v, 20 amps. Manuvfacbured

~

by General Radio Company, Concomd, Vass,

(5) EXFERIMENTAL OFERATICN

Theece different healt transfer suriaces, viz, plate,
ping and finned pins, ag shown in Pigure 18, Pigure 11
and Pigure 12 regpectlively, were %o be tested., Tha
experinental procedure adopted for each one of them was
the sawme., Siuce these gurlaces were o be tested for
ree convecbion, the testing was done im a small, cloged
roonm sc that fhere would not be any aly currents. o
enhance free convectlon, the assembly was ming by 2 thian
wire., Figure 19 showe the heater cirenit and Figure 20
shows & complede set-un of the exverinent.

The heater supplied heat ab a2 waiform rabte., From
time to time the bthermocouple readings were checked and
when the readings remained consbant for ap least Tifbeen

alautes . 1t wes congidercd that the steady stat

)
')

was
reached. Then bhe readings wers noted ag tabulabed in

the Appendix B.
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Fig. 18 Asseuwbly of primary surface with six
thermocouples on either side
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Fig. 19 Sketch of Heater Circuit
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Fig. 20 Experimental set up for the heat transfer measurements of
finned pin, pin and plate
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DATA AND RESULTS

W = Rate of electric enevgy supply to the heater in
Wates

¢ = Rabe of elecivic energy supply to the heater in
Btu/hr.

V15Vnses.Vyp = Potentiomeber reading of the thermo-
gouples 1, 2,...12, (Millivoits)

Vi ® Mean potentlomeber reading of all the twelve

thermwneouples

<t
O
E

~Tomperaipure ab rooct of the pin or plate ag the
)
=y

cege may be (I

%y ® Aubient temperabure of alr (¥)
P, * Temperature excess ab the root of €he pin or
plate ® §g =~ Gy
v = Voltage across the heater (Volte)
T = Cuppent pessing through the heaber wire (Aups.)
Four sets of daba were baken for varlous 8, for vhe

Pinned pin, pin and plate, The data for all the Ghree
arrangerents ére glvenn in a vabular form Iin the Appendix B,
Table B-1, B=-2, B~3 and B-4 represent the experimental
measurements of the heat transfer rvates for varlous €

for Tinned pins, Table B-5, B-H, B-7 and B=8 represent

the experimental measurements of heat transfer rabe lor
vapious €, for pins, Table B-9, B#lO, B-11 and B~12 represeund
the experimental measurcuents of heat transfey rate for

various 8p for plate.



V. CISCUSSICN

EXFERIVENTAL ACCURAGY

S 2o,

The datbs obbained from theoee ¢ Gifferent arrangements
showed varlation in tenperatura at the »oob of the pin,

feowm one row O the next. The Leuperabvre of the upper

bank »f pins was slightiy higher than thoge in the lower
banks, This dilTfevence In teunparature wend on increasing
as 8 was increased, The temperature variation bebween

top and nottom bank of ping was 40 F. when the average

L4

poob temperabure was maxinun ab 364k @, 7
- [P T S - Gy o, dn F . o

arizbion was the same, both in the case of pin and

fianed pin, As the hot oly Pron the lLowey banlks of

ning moved unwerds 1% became hobbar and hofter and was
pas

in Hhe largs variation in teupesrabure. Aun average root
Genperature of 2ll the tuelve theraocoupics was considered

The woon beuperabture varled fpom 70 to 55 F during
the enbive Pesting of plabe, pins and finned pine, Sluee
we were only concerned with the temperabure excess atb
the root of the pin, B,, The variation did not Introduce

any error.



abermination of Average h and DifTepence Bebween the

el

epperature at the Root of the Pin and the Average Bulk

:_a

Temperatur:,

i
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Lverage value of h = 1,645 Btu/rt%hrp
AT o= 43,04 F
The presults show that h was higher in case of pin

than finned pian, One ol the reascus would be task bthepre

Was mope resistance %o alpr Clow for Timned pin bhan pins,

Comparizon of Heat Transfer Raobe of Flaned Pin, Pin and

Plate,

The cumwes drawn in Figarés 21, 22 and 23 show the
heat transfer rate ve, 8¢ for finned pin, pin and plate
respectively. These curwes‘indicate that the experimental
results were within +4 per cent of the average curve.
Tigure 24 shows the grouping of the curves drawn in
Figures 21, 22 aud 23 for the purpese of comparing
their hea% transfer rate for various 6 , Curves in
Figure 24 show that the heatutbansrer rate is highest
for finmed nias, little less for plain pins and much
wore less fopr a plate. The heat @ransfervrate increases
rapldly for lower values of €5 but 1t alwost follows a

sbtraight line for the higher values ol .

Effectiveness

The effectiveness for various arrangemnents is
calculated for 6, from Figure 24, The procedure for
the calculation of the per ceut incresse in the

effectiveness is as follows:
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per cent increase in effectiveness

of finned pin over plate = Qfln‘ed pin - ‘plate % 100

plate

per cent increase in effectPivencsas

of pins over plate = QQiﬂ “plate 100
Qplate

per cend increase in effectivaness

g L3 % ot o Qm v 2 "'Qv,.v

of finned pin over pins = ‘finned pin pln « 100

Qpin )

!

Curvee in Figure 25 suow the per cent increase in the
effectiveness of finned pins and pins over a plate. These
curves indicabte that the effectiveness 1s highest for
fioned pins and 1ittle less for pinsg, The obther point of
interest iz that both for finned pin and plain pin the
percent increage in she effcctiveness increases sharply
as @ _ Iiancreases but that The increase is small, it reaches
a maximum value and takes a2 downward trend, The downward
trend may be due to The decreass in the heat transfer rate
due o increased aiy resistance which becomes more signi-

ficant on higher temperature range for finned plins and
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Couvparlcon of Voluwe of Pinned Pin and Pin

Tolune of Pins

Voin = [No. of pins)(Volume of one pin)

= 34 cu in.

Volume of piabes = {(Wo. oi’ plates (Volume of piate)

o oINS g\ }-'
- “:'i"“‘)i Lmd L
A

= }.é:) i (6353 i:ﬂ o

‘doval Volume of Ping 3 34 +18 % 52 eu in,

Voiume 0 @Finned Fins

Voluue of fiag 3 (No. of fins)(Voluwe of oue Iin)

(
= 1008 {;01(%5 g(gjg ; G }fj
10,08 (4 2(,..(, Y (49 - 9)

£} ]
5-.:

# 4,94 cu iu,
Voiu@e of pias
= No, pias (x-sectiownal apea of pin;§toﬁal iengih of
three pins)
3)2 |

49(1-)(* (3.125 +3.25 +3.375)

= &5 .2 oy in.

!ﬁ

Total volume of finned pins

= Voluwe of fins + Velume of pins 4-Volume of plates

i

%

X obh+ 48 2 +18

. |

= 68,14 cu in,
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Per cent increase in volume of finned pln over pin

52

100

= 31%
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VI. SUMMARY AND CONCLUSIONS

ObJjective of the thesls was achieved., It was proved
experimentally that finned pin extended surface was
superios over & plain pin, which was consideped eflicient
means to transfer hea’%? from a primary surface,

The truve temperabture differeunce between the root of
the pin and ambieny aly is much lower than 8,. The
reason for this diffepyence is that as the cold air moves
up it is gradually heated which peduces vhe difference
in temperature.

The increase in effectiveness of Tinned pin over
plain pin is almest constant on medium to higher
temperaoture range. The maximum per cent increase in

effectiveness of fimned pin over plair pin is 36 per cent.
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VII. RECOMMENDATIONS

Various deslgns of pin and finned pln wmay be tested
expeprimentally to see if there is any further
inprovement in heat transfer rate.

Different sizes of primary surface may be tesbed.

Forced convection umay be employed. |
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X1 APPENDICES

APPENDIX A

CAICULATED DATA ON HEAT TRANSFER CHARACTERISTICS OF PIN AND FINNED PIN

Table A~l Data on Heat Trangfer Ghamcte-ristics of a pin

1 4,794 2173 (1388 (1021 | S11 | 676 | 583 | 514 | 462 | 421 1
2 8,460| 3932 |24oL 1805 |1411 1157 | 981 | 853 | 755 | 678 2
3 10,992| 54131 |3479 |2530 (1975 | 1614 |1363 | 1178 [1038 | 928 | 3
4 12,552| 6574 (4325 |3177 |2401 |2080 |1722 | 1488 [1309 |1168 %
5 13,846 ThE3 |5023 (3738 | 2053 | 2428 | 2055 | L1777 |156% |1395 5
6 13,937| 8067 |5582 4214 |3358 |2776 |2358 | 2045 |1802 |1609 6
7 14,201| 8503 |6017 | 4608 |3706 |308% |2631 | 2289 |2021 (1808 7




Table A-2;

Pinned Pin, L = 3"

Data on Heat Transfer Charvacterigtics of

heat flux in Btu/ftbr,

No, of g . _
Fins | De _%m De 1" | Dsli" | Dali" | DaL{%
1 1,837 | 2,635| 3,580 4,564 5,484
2 2,436 y,022| 5,886| 7,814| 9,605
3 3,033 5,395 | 8,15%| 10,988 13,602
b 3,623 6,754 | 10,384 | 14,088 17,483
5 4,219 8,100 | 12,577 | 17,117 | 21,253
5 1,808 | 9,432 1%,735 | 20,079 | 24,018
T 5,395 | 10,752 | 16,859 | 22,975 | 28,483
8 5,979 | 12,058 | 13,948 | 25,809 | 31,954
9 6,561 | 13,351 | 21,006 | 28,583 | 35,334
10 7,140 | 14,633 | 23,031 | 31,299 | 38,629




Table A«3: Data on Heal Transfer Characterigtics of

Finned Pin L = 1°

No. of | g, heat flux in Biy fﬁzhr,
Fins | Da ,%" De 1" | D2ll”  |Dall" Dglw%n
2,778 3,547 | 4,447 | 5,315 6,235
2 3,358 | 4,875 | 6,631 | 8,%17| 10,040
3 3,933 6,179 | 8,746 |11,326| 13,655
4 L,50k | 7,457 | 10,796 |14,110| 17,070
5 5,070 | 8,712 | 12,783 |16,780| 20,313
6 5,631 | 9,943 | 14,712 | 19,344 23,400
7 6,188 | 11,151 | 16,585 |21,809| 26,344
8 6,739 | 12,337 | 18,405 | 25,183| 29,159
9 7,287 | 13,503 | 20,175 | 26,472 31,854
10 7,830 | 14,647 | 21,8908 | 28,682 34,440




Table 4-43

Pinned Pin, L g 13"

Data on Heat Transfer Charvacteristics of

I
3 N , U a
, heat fiux in Btu/ft he.

Mo, of ]

Fing ~
D wg. Dz 1% | Duli” | Dsid® le_g
1 3,666 L,3oh | 5,281 | 5,104 | 6,890
2 4,219 | 5,651 | 7,285 | 8,921 | 10,39
3 4,767 6,87% | 9,239 | 11,568 | 13,633
L 5,308 | 8,064 | 11,100 | 14,062 | 16,642
5 5,842 | 9,223 | 12,902 | 16,417 | 19,451
6 6,371 | 10,352 | 14,623 | 18,649 | 22,085
7 6,893 | 11,452 | 16,277 | 20,765 | 24,564
8 7,400 | 12,525 | 17,869 | 22,787 | 26,906
9 7,919 | 13,571 | 19,403 | 24,714 | 29,126
10 8,423 | 14,593 | 20,884 | 26,558 | 31,237




Finned 2in,

ngﬁ

1

No, of g, heab filux in Bﬁu/?tehr.
Fins | , |

Dx -2 | De 1" |Dei2” | Dail’ | Dar.3
4 A
1 4,486 5,187 | 5,952 | 6,746| 7,468
2 5,008 6,342 | 7,846 | 9,333] 10,655
3 5,523 | 7,479 | 9,638 |11,730| 13,556
% £,030 8,578 | 11,337 | 13,959 16,213
5 5,530 0,641 | 12,950 | 16,043 | 18,654
6 7,023 | 10,670 | 154,485 | 17,998 20,939
7 7,508 | 11,668 | 15,950 | 19,840 23,003
3 7,986 | 12,635 | 17,350 | 21,581 | 25,086
9 8,458 | 13,574 | 18,601 | 23,232 26,933
10 8,022 | 14,486 | 19,978 | 2%,803| 28,710

Dats on Heat Transfer Characteristics of



Tabie L=Oe

Finned Pin, L = 3"

88

Data on Heat Trangfer Characteristics of

ggﬁgof g, heat flux in Btu/rtehe.
Dgugf Da 1" |Dali" | Del" Bgl~%ﬂ
1 5,802 | 6,468 | 7,122| 7,773 | 8,357
2 6,342 | 7,468 | 8,710| 9,913 | 10,962
3 6,736 8,428 | 10,195 | 11,863 | 13,288
3 7,221 | 9,349 | 11,585 | 13,652 | 15,386
5 7,648 | 10,232 | 12,801 | 15,302 | 17,298
6 8,067 | 11,081 | 14,121 | 16,835 | 19,056
7 8,479 | 11,897 | 15,284 | 18,267 | 20,686
8 8,882 | 12,683 | 16,388 19,613 | 22,208
9 9,278 | 13,442 | 17,439 20,883 | 23,6383
10 0,667 | 14,174 | 18,442 22,086 | 24,989




Finned Pin, L = 4"

89

Data on Heal Transfer Charvacterisgtics of

Ho. g, heat £lux in Btu/ftghr‘
Fins .
Dz 2 | Da 1" |Dald" |Dald" |Daii
1 6,978 7,847 | 7,974 | 8,493 | 8,953
2 7,355 8,277 | 9,281 10,239 {11,063
3 7,727 9,075 | 10,500 | 11,826 | 12,942
il 8,003 9,838 | 11,638 | 13,276 | 14,633
5 8,451 | 10,567 | 12,703 | 14,610 | 16,171
5 8,802 | 11,266 | 13,703 | 15,848 | 17,537
7 9,145 | 11,936 | 14,648 | 17,004 | 18,901
3 9,432 | 12,580 | 15,543 | 18,001 | 20,131
9 9,812 | 13,200 | 16,393 | 12,117 | 21,289
10 10,135 17,205 | 20,001 | 22,386

13,797




Table 4-3:

90

Finned Pin, L = 5"

Data on Heat Transfer Characteristics of

No. q, heat flux in Btu/ftehr¢
Fins
Da —%1 Do 1" | Dali" |Dal}" | Dal-3’
i 75773 8,147 | 8,563 | 8,969 | 9,320
2 8,084 | 8,828 9,630 (10,388 11,037
3 8,393 9,487 | 10,633 | 11,690 | 12,575
4 8,698 | 10,119 | 11,572 | 12,885 | 13,967
5 8,996 | 10,724 | 12,453 | 13,989 | 15,242
& 9,289 | 11,304 | 13,283 | 15,017 | 16,422
7 9,575 | 11,860 | 14,067 | 15,981 | 17,522
8 9,856 | 12,396 | 14,812 | 16,850 | 18,557
9 10,131 | 12,911 | 15,522 | 17,752| 19,536
10 10,400 | 13,408 | 16,201 | 18,573 | 20,467




Table 4-9: Data on Heat TransPer Characteristics of

Finned Pin, L = 6"

No. of a, heat flux in Btu/fi nar.
Fins
Da ,%f Dm 1" | Daii® | Dg1d" Dglngﬂ
1 8,33% 8,627 | 8,951 | 9,267 | 9,542
2 8,589 9,185 | 9,824 | 10,426 [10,938
3 8,845 9,731 | 10,656 | 11,5006 | 12,217
k 9,099 | 10,259 | 11,442 | 12,509 | 13,389
5 9,349 | 10,766 | 12,183 | 13,443 14,473
6 9,504 | 11,253 | 12,885 | 14,318 | 15,483
7 9,834 | 11,723 | 13,551 | 15,144 | 16,432
3 10,070 | 12,175 | 14,187 | 15,926 | 17,329
9 10,301 | 12,612 14,795 | 16,672 | 15,183
10 10,528 | 13,035| 15,378 | 17,385 | 18,998




APPENDIX B

MEASURED DATA OF HEAT GH FINNED PIN, PIN AND PLATE

Table B-1 Measurement of Heati or Various °o for Finned Pin, Set I

vy Yy - Va vy Ve Y Vo vy, Via Vg ty, ty O V I W Q
(mv)  (mv) (wv)  (wv)  (mv) (mv)’ (mv) ; (mv)  (mv)  (mv) (F) (F) (F)(Volts)(Amp.) (Watts) (Btu/hr)
2.818 2.785 2.485 2.555 2.5% 2.6 2,818 2, 75 2.47 2.85 2,727 150 72 78 50 3.25  162.5 554
3.925 3.85 3.76  3.475 3.45 3.52 3.925 3. % 3.31 3.9 3.698 189 72 117 65 k.25 276 o1
5.12  5.005 4.328 4.56 4.4 4.54  5.10 5. 4.2 5.0b K73 230 73 157 80 .5.17 414 1412
6.9% 6.775 5.82 5.99 5.95 6.105 6.9% 6. 5,525 6.8  6.36F 290 76 214 6.23 623 2123
o.44 9.28 7.87 8.125 8,07 8.283 9.4k | 7.3 9,2 8.615 369 76 293 T.74 939 3170
Table B~2 Measurement of Heat or Various €, for Finned Pin, Set 1II
\
vy Vo Vg vy Vs Vg v, Vi, b, g% X W Q-
(wv)  (ov)  (wv)  (wv)  (wv)  (my)  (wv) (nv)  (mv) (r) (7)(Volts)(Amp.) (Watts) (Btu/hr)
1.98. 1.955 1.83 1.85 1.845 1.85 1.9 % .805 1.99% 1.897 72 Wk 342 2.242 83 283
2.89 2.838 2.607 2.615 2.615 2.625 2.838 § 2 2. 2.905 2.725 73 77 50 3.315 165.8 565
3.53 3.455 3.14% 3.15 3.15 3.17 3.455 f | : 3.526 3.295 73 101 60  3.935 236.1 80%
$.31  4.205 3.786 3.79 3.795 3.816 4.2 1 y 4.275 3.985 72 128 71 4.59 326 1110
5.22 5,08 4.55 4,55 4.56 4.588 5.01 f ‘ | . 5.145 4,874 T4 161 80  5.19 A415.2 1415
6.228 6,068 5.413 5.405 5.415 5.46 6.068 5.63 65 5.005 6.15  5.705 76 189 90  5.85 526.5 1795
7.35 7.120 6.33 6.32% 6.32% 6.385 7.11 : 785 T.19  6.67 76 223 100  6.55 655 2230
8.455 8,245 7.23 7.249 T.2% T7.206 8.1 {‘ ; 8.25 7.656 76 260 110 7.14 784 2670
9.325 9.1 7.96  7.96 7.96 8,025 8,61 ' ’ AT -9.068 “B AT 75 289 120 7:66 920 3134

2|
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Table B-3., Ilieasurcnment of Heat Transfer for Various Oo for Finned Pin, Set III
vy Vo \E vy v5 Vg . Vg v9 vlo Vi1 v12 vm to ta 06 v I 12 Q
(uv)  (mv)  (wv)  (ev)  (mv)  (cv)  (av)  (wv)  (rv)  (mv)  (wv)  (uv)  (mv) (F) (F) (F)(Voilts)(Amp.)(Vatts) (Btu/hr
2.292 2,28 2,138 2,155 2.15 2.128 2,28 2,305 2.3 2,221 2.1 2.315 2,222 130 80 50 35 2.43 85.1 290.4
2.91 2.88 2.65 2.67 2.66 2.655 2.87 2.911 2.886 2.76 2.58 2.915 2.779 153 80 73 45 3.04% 136.8 407
3.55 3.52 3.20 3.22 3.215 3.2 3.52 3.565 3.51 3.345 3.09 3.05 3.37% 177 80 97 55 3.495 192,3 050
4,31 4,264 3.828 3.845 3.84 3.328 4,26 4,315 4,231 4,00 3.6 4,278 4,055 201 80 121 65.5 4.38 237 980
5.15 5.098 4.525 4,548 4,532 4,525 5.09 5.176 5.04 4,75 4,294 5,095 %.819 233 30 153 75 5.04 378.2 1290
6.115 6,037 5.328 5.35 5.3% 5.33% €.03 6.127 5.956 5.59% 5.00 .01 5.686 205 80 185 85 5.71 46 1659
7.19 T7.025 6.133 6,192 €.18 6,165 7.02 7.106 6.916 €.466 5.7 C.005 €.591 295 81 217 95 6.38 0607 2070
.26 8.16 T7.09 T7.1% T.12% 7.115 8,12 8,23 7.98 T.45 €.505 ¢C.0C5 T7.60% 33% O1 253 105 7.0 735 2510
9.54 9,431 8,173 8.23 8,203 8,192 9.%1 9,5 9,152 8.57 7.43 9.3 8.7€1 374 L2 292 115 7.08 884 3020
Table B-4. leasurcrcent of Heat Transfer for Various 8, for I'inned in, Set IV

Vi Vo V3 vy Vg Vg vy Vg Vg V10 Vi1 Vlz v, ‘“fo T, ‘Ub \'4 I R r
(v)  (ev)  (ev)  (uv)  (mv)  Gev) (ev) (rv)  (mv) (mv)  (mv)  Gwv)  (ev)  (F) () (F)(Volts)(Amo.)(Yatts) (Btu/hr)
2,287 2,274 2.115 2.139 2,136 2.13 2.27 2.28 5.289 2.208 2.095 2,305 2,21 129 80 49 35 2,42 84,6 252,06
2.899 2,872 2.035 2.(58 2.652 2.044 2.897 2.835 2.88 2.755 2.5GC 2.9 2,768 152 81 71 45 3.1 139.4 L6
3.595 3.565 3.22 3.255 3.251 3.2% 3.56 3.53 3.55 3.38 3.11% 3,59 3.404 178 31 97 55  3.745 206 102.5
4.418 4,373 3.9 3.9%3 3.939 3.928 4.37 4.3%6 4,328 4.1 3.73  h.3vh 4.140 207 S2 125 GG 4,445 293 1000
5.19% 5.14% 4,53 4,589 4,584 4,57 5,13 5.129 5,087 #.795 4,31 5.155 4.851 23% {2 152 76 5,094 302.4% 1305
6.1 6.017 5.27 5.3% 5.333 5.316 6.00 €.007 5,946 5.585 4.9(3 (.017 5.058 20F U2 182 85 5,7 485 1C55
7.06 6.962 €,065 €.126 €.116 6.11 €.92 6.956 6.8% 6.409 5.4 C.925 6.511 295 80 215 95 .35 602.5 2054
8.377 £.267 7.29 7.259 T.e2% .23 3.26 8.2% 8.06 T7.56 €.59 0.1S5 7.714 333 S84 254 104 7.0% 732.5 2500
2.712 9.589 £.435 £.38¢ .37  8.34%7 9.58 9.57 9.297 8.744% 7.57€¢ 9.4%7 8.923 380 86 29% 113 7.7 870 2070




Table B-5. Heasurerent of Hea

V1 Vo V3 V), V5 Vg Vo g Vii Vi t, 9% v T W Q
() (wv)  (w)  Cov)  (ev)  (ev)  (wv) i 4 (v) () (7) (F) (Volts)(Amp.)(Watts) (Btu/ar)
2.245 2,27 2,12 2,137 2,137 2,28 2.292 ' . 2.146 2, 24199 ™ 35 35 2.273 79.5 272
3.287 3.315 3.085 3.05 3.06 3.33 3.35 3.07 . 3.177 2 97 50 3.291 164.6 56i
4.49 k.55 4.1 4,145 4,145 4,575 4.012 b.167 &4, 4.335 72 65 4.23 275 940
5.9 5.98 5,336 5.388 5.388 6.002 G.056 ¢ x 5.39 5. 5.657 70 80 5.05 4ok 1380
7.78 7.908 C.,7C4 7,066 7.066 T.95 8.005 s} ’ 7.08 . 7.432 71 95 6.04 575 2000
8.3C% 2,005 7.595 £.025 8.015 9,053 9.11 0 £ 3 ) 8.438 71 6.62 693 2370

Table B=6. Measurcuent of

vy Vo v3 vy Vi Vg Vo 2 v11 75 vm , OO Vv I W Q

(rv)  (Gav)  (ov)  Gv)  (ev)  (wv)  (wv) v { (ov)  (ev) (o) g ) () (Volts) (Amp.)(Vatts) (Btu/ar)
2,035 2.06 1,955 1.955 1.955 2.07 2.075 ] 1.967 1.985 2,03 2.001 ' 45 30 1.975 59.25 202
2,705 2.745 2,57 2.50% 2,564 2.75 2,766 . .07 2.686 2.651 73 40 2.645 105.8 301
3.25 3.3 3.05 3.038 3.043 3.312 3.33 , QU .095 3.21  3.166 ; 95 50 3.235 161. 552
4,079 %.138 3.788 3.77H 3.77% 4.15  %.175 . . FO O 3,949 60 3.825 229, 783
5.18 5.26 4.705 4.7Ck 4,768 5.273 5,312 9 4 8CH  5.075 5.002 - 70 4.48 313. 1070
€.22 6,323 5.7T 5.0692 5.092 6.34%5 6.382 ©. . 6.078 5.992 80 5.13 410, 1404
T.44%  7.605 €.,361 6.82 6.814% T7.647 7.G8 v .86 .96 7.286 7.188 90 5.82 523, 1790
8.46  8.043 T.44% 7.7 7.695 8.677 8.715 772 7.1 8.26 8.177 : 6.3% 634 2170

9,756 9.977 ©&.732 8.566 £,353 10.023 /9.0 A : 9.5 9.276 109 6.86 749 2555




Measurement of Hea

Table B=-T. Various 9, for Plain Pin, Set III
vy v2 v3 vy v5 Vg VT Viq Vio ¥ Oo Vv ¥ 4 W Q
(uv)  (ov)  (ov)  (ov)  (av)  (mv)  (uv) () (ov)  (ow) (7)(Volts) (Amp.) (Watts) (Btu/hr)
2,635 2.673 2.507 2.52 2.52 2,68 2,687 2.555 2,622 2,592 62 36 2,398 86 294
3.195 3.244% 2.996 3.01 3.01 3.251 3.203 4 3.07 3.166 3.122 86 45 2.95 132.6 45
4,065 %.131 3.763 3.79 3.79 4.1% 4,159 3 3.875 4.012 3.952 56 3.63 203.5 695
5.041 5.135 4.606 4,661 4.653 5,138 5,16 769 4,96 4.878 66 4.33 286 980
6.128 6.24 5.6  5.633 5.618 6.25 6.27 ; 759 6.003 5.889 75 %.95 371.5 1270
7.125 7.265 €.475 6.537 €6.52 7.285 7.31 : 6.984 6.868 85 5.542 472 1610
8.215 8.381 T7.438 7.505 7.483 8.416 8.442 .68k 8,044 7,906 95 6.19 588 2010
9.798 10,006 8.832 8.916 8.869 10.055 10,07 9.9  .122 9,567 9.407 10%.2 6.84 712 2435
11.355 11.595 10,161 10,292 10.24% 11,656 11.656 11,52 .532 11.062 10.875 115 7.52 864 2950
Table B-3. Measurenent of Heaf

2 Vo V3 vy v5 Vs v7 v11 vm Go P X W Q
(mv) (av)  (mv)  (wv)  (ov)  (mv)  (wv) (rv) (av) (F)(Volts)(Amp.)(WattS) (Btu/hr)
248 2,507 2.355 2.365 2.365 2.514 2.52 2 2.434 59 352,35 81.8 | o7y
3.131 3.177 2.935 2.953 2.953 3.182 3.196 3.17 3.059 82 44,5 2,9 .189 441
4.019 4.085 3.v35 3.755 3.755 4.092 4,11 4,07 3.91 55 3.603 198 678
4,927 5,014 4,6 .545 4.517 5.002 5.03 4.98 4,764 231 66 4.275 282

5.917 6.03 5.38% 5.44 5,426 6,039 G.0C4 6.00 5.709 266 75 4.885 366

7.00 7.155 6.347 6.4%15 6.386 7.161 T7.19 7.12 6.75,. . 308 5.49 465

8.35 8.52 7.505 7.6 7.569 8.54% 8,567 8.47 8.017 348 96 6.24% 600
10.28 10.5 9.234% 9.345 9.3  10.55 10,569 10.45 9.864 411 7:95. 760




Table B-9. Measurement of He % Various 8, for Plate, Set I

7 ;. i t;y;eé 7 T i Q
(mv)  (F) (P) (P)(Volts)(Amp.)(Watts) (Btu/ar)
2,063 123 80 43 102 1,592 16.21 55.48
3.216 378 @F - G0 s RS 37.2 127
h.,025 202 81 18 .892 52 277,

.73 -%.922 237 81 22 w395 T4,

5. 37 - B.66 - I00T B 16

'vl v, V3 Vy Vs Ve Vo
((my) (wv) (wv) (mv) (ov) (uv)  (wv)
2,069 2,091 2.084 2.09 2.056 2.02 2,037
3.269 3.3 3.0  3.295 3.224% 3.14 3.19
4,06 4,11 4,095 4,006 4,022 3.886 3.95%
4,994 5.025 5.026 5.02% 4,912 4,745 4,82
6.72 6.825 6,798 6€6.831 6.625 6.365 6.505
8.008 8.219 8,180 8.2  7.965 7.638 7.82 645 T7.997 348 81 2 7k
9.545 9.722 9.651 9.665 9.4 8.98 9.205 8.1 | 76 8.97  9.34% 394 81 .29
11,141 11.282 11.19 11.22% 10.939 10.411 10,696 10. 6 3 .345 10,388 10.864 445 81 3¢ . 5,95

W W O U & W N e~ <

Table B-~10., Measurement of He Various 8, for Plate, Set II
vy Vo V3 Vy Vg Vg Vo ’ v T N e T W |
(mv)  (wv)  (wv)  (ov)  (mv) (mv) () | g (cv) () () (¥)(Volts)(Aup.)(Vatts) (Btu/hr)
2.515 2.53 2.529 2.529 2.49 2.43 2,455 1 5 3 2.493 141 60 " 501,866 0% THe
3.1 3.135 3.135 3.134% 3,07 2.996 3,036 : 5. 3.085 165 84 B 20375, 35.6 181.9
%1% 4,171 4,166 4.17 4.081 3.048 4.012 4.087 205 124 18.% 2.875 52.9 181
5.14 5.19 5.169 5.184 5.037 4.878 14.966 , 5.068 242 161 Bl B339 T2,1 246.5
6.395 6.492 6.48% G.47h 6.311 6.057 6.191 6.11 6.0 G, .05 6.325 288 208 26.3 4.036 106  361.8

T8 7,76 T.T1 - 7.789 7.545 '7.205 7.37 S ? : : 7.543 388 252 29.8 4.5 134 458
8.861 9.005 8.945 8.945 8,737 8.376 8.55 < ; .336  8.817 376 296 3%  5.078 172.6 590
10.18 10,35 10.278 10.29% 10.012 9.579 9.805 9.6€ 3 ; .55_10.04 417 335 5.66 215 734

e




Table B-11l Measurement of or Various ®, for Plate, Set III

v, Vs Vg vy Vs Vg V., _ vy Vio v o el ¥ v I W Q

(mv)  (mv)  (mwv) (wv) (mv) (mv)  (mv) 16 ! (ov) _ (uv) (¥) (¥)(Volts)(Anup.)(Vatts) (Btu/nr)
1.96  1.977 1.977 1.985 1.95 1.913 1.927 §  a 1.915 1.95%4 79 40 10 1,505 15.05 51,4
2,947 2.985 2.975 2.98 2,924 2.85 2.88 ¢ 2.845 2,93 80 79 1% 2,19 30.66 104.7
3.972 4,029 k.02 4,02 %025 3.9% 3.81% 3.0 3.1 54 3.805 3.96 79 18- 2.815 50.7

5.07 5.126 5.11 5.125 5.0  4.83 4.906 4.8 hh, 165 4,807 5.008 3 102 22 3.365 74

6.168 6.25 6,225 6,225 6,065 5.859 5.957 ~ 29 5.835 6.091 ( 25.8 3.9% 101.6

7.2%  7.367 7.329 7.349 T.16 6,868 7.023 6. | [ 6.371 T7.174 4,405 131.3

8.87 8.976 8.926 8.953 8.713 8.328 8.517 8. ).035 8.31 8.728 3% 5.09 173

10.547 10,71 10.Ch 10,685 10.36  9.924% 10,15 10{ e24 10,778 9.875 10.395 o2 38.5 5.86 225.9

Table B-12 Measurement of Hea » Various 8  Cor Plate, Set IV

Y Y2 Y3 Y% V5 Vg v, Vg o 11 Ve Yy G g e W &

(wv) (ov) (ev) (ov)  (ov)  (ov)  (ev) (o v)  (v) () (ev)  (F) (F) (F)(Volts)(Anp.)(Watts) (Btu/nr)
2.076 2,085 2,084 2,084 2,05 2,01 2,026 2, ,036 2.00% 2,008 2.056 123 4T AB e AIU66 14.66 50,03
2.902 2.945 2.933 2.93 2.881 2.796 2.831 2.8: A 2.95 2.795 2.883 157 81 14.2 2.12 30.1 1lo2.7
3.8 3.836 3.835 3.83 3.737 3.635 3.68 93 3. 616 3.75% 192 114 18 2,76 49.6  169.6
5.02 5,085 5,067 5.08 4.04% 4,769 4,856 | 77 4.957 238 160 22 3.33 73.25 250
6.165 6.26 6.211 6.228 6.07 5.848 5.955 . 0. 5.63  6.089 280 202 3.895 100.5 343
7.565 T7.678 T.642 T.649 T.455 T.159 T7.304 ' o 1 7.116  7.471 329 852 3E = S8 1o 485
8.805 8.957 8.895 8.91 8.69 8.312 8.483 .009 B8.284 8.693 372 204 3% 5.03 171.2 534

10,16 10.311 10.277 10.27 10,005 9.563 9.77 9. 10. 9.52 _10.01% %416 337. 3Bk mis 1265




ABSTRACT

Numerous types of extended surfaces have been used in
the past but those with finned pine have proved to be
unigque in increasing the rate of heat transfer. Hsleh
working on the original idea of professor Hsu proved that
heat Transfer rake can be further increased by putiting
awavlar Ting on a vin,

In this thesis the design of finned pin was optimized
to give maximum heat transfer rate from a given primary
surface, and an experimental invesblgation was conducied o

verify The resulbs.

1. Theoretical Investigation consists ofs
(1) Reproduction of mathematical equations for pin
and finned pin.
(2) Study of heat transfer characteristics of pin and
finned pin,
(3) Optimization of the desien of pin and finned pin.
(%) Sample calculations of heat flow rate for pin and
finned pin.
2. Experimenbal investigation conslsts of:
(1) Construction of finned pin, pin and primavy
surfaces,

(2) Set-up of experimental equipment.



(3) Comparison of heat flow rabe for finned pin, pin
and piate.
3. Conclusions: The conclusions were based on the
comparison of finned pin and pin, The heat transfer
14

rate from 8" x 43" surface was increased by employing

flaned pin., The maxinun increase was 30%.
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