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I. INTRODtJOTION . .. ... 

In or'der to increase the rate of l1eat transfer from a 

primary surface, extended surfaces in the fonn of fins of 

difrerent shapes and sizes have been widely used. 

In :recent years pinEJ have been used instead of fins 

to increase the rate of heat transfer. Hsieh (l}, wo~king 

on the original idea of P:rof'essor Hsu'. haa proved that the 

rate of heat transfer through a pin can be further 

increased by the addition of' annular fins on the pin. 

The objective of this thesis ia to optlmize the 

design of an extended flat surface With finned pins and 

determine the improvement 1n the rate of hea-C; transfe1 .... 

The general procedure to be followed is as followsi 

(1) Theoretical analysis of the heat transfer character-

istics or various designs of pins and finned pinse 

(2) Optimization of the design for a given primary surface 

using plain pins and finned pinsa 

(3) Experimental measurements of heat tzta.nsfer z•ate for 

finned pin 3 plain pin and primary surfaceo 

(4) Comparison of rate of heat trans.fer between an 

extended surface with finned pins and plain pins~ 
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:Sxtended surfaces are commonly :ro·v.nd in tho form o:r 

fins attached. to the su.r.face of a machine part for the 

express purpose of incl~asing: the rate of heat transfer 

between the surface and an ambient fluid.. It is on this 

principle that fins find nu.me:i."ous applicat:tons :i.:n e1ec·!;r1• 

ca.l apparatus, heat exchangers, radiators, and so on~ Fins 

are made in various profiles and shapes. For an~r particular 

appl:tcation, the P!"Oblem is to select a fin which will give 

maximum rate of: cooling;~ minimum material,, minimll,m 

resistance to air :flow.,, a.dequate strength and ease of 

ma1n.tf'acture. Schneider (2) and Jac·:·?b (3) ba.va discussed 

heat transfer l"'ate :i efficiency and ·t;emperature dia-i#l":l.bution 

of various types of' circumferential fins and spines G 

McManus and Starner (4) determined the average heat 

transfer coefficients for the rectangular fin arrays. They 

plotted curves for temperature vs. average heat transfer 

coefficients. These coefficients were determined for 

vari-ous fin positions~ Scbr--,rber (5) provided heat transfer 

coei"'ficient data on a serrated type or finned surface and 

also showed the ease of fabrication and the flexibility of 

sizes .. 

Kays (6) adopted small diameter circular pins in 

contrast to fins on the heat transfer surface and proved 

that heat exchangers with pinned and finned surfaces ai~a 
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competitive,, so far as volume and weight are concerned. 

Norris and Spofford (7) presented test results for a 

group of small discon·tinuous f':tns and pins and proved 

that the heat transfer coefficient can be almost twice 

as high as that for continuous fins. 

Avrami and Little (8) studied the temperature 

gradients in two dimensions with thick fins of' 

rectangular pl"Ofile~ and also established the critical 

Nuase~ number below which straight rectangular fins are 
more ef'fecti ve. Carrier and Anderson { 9) presented 

solutions in terms of infinite series for circular fins 

of rectangular and hyperbolic profile. 

Gray, Mathew and McRo'bert (10) derived the equations 

for heat transfer through circular disc fins which were 

later modified by Murray (11) for $pecial cases. 

Tranaawa (12) gives calculation of heat transfer rate in 
simple shapes' fins including cases in which thicker and 

shorter fins are eJtposed. to flowing liquid. Charts for 

evaluating mathematical exp:ressions are given" from 

which heat dissipation from the fins can be calculated. 

Schmidt (13) intr>oduced the appa1~ent coeff'icient of' 

heat transfer as a ru.ne·cion of the dimensions and the 

mean coefficient of heat ·transfer in order to facilitate 

the calculation of heat transmission from or to finned 

surfaces. Keller and Sommers (14) plotted cu1"Ves for 
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the efficiency of an annular fin of constant thickness. 

Tate and Cartinhour (15) descr5~bed four types of 

heat exchangers with disc-on-tube as the extended surface. 

!~~ya and London (16) presented baeic heat transfer and 

flow f'riction design data for i;h:trteen plate·i'in type 

and finned flat-tube type su.:rfacea ~ The various: surfaces 

were eomparad on the ba.sia of heat transfer coefficien·t 

and flow f1->iction horsepower. Kays {17) has also worked 

on six compact high-performance heat transfer surfaces. 

Kayan and Gates (18) dealt most comprehensively with 

the analysis of finned structuras found in many 

engineering application. 

Du.sinberre (19) and (20) ·showed a t:ria.l and error 

procedure for getting local sui"'face coefficient) and 

gave an approximate form of. fin efficiency for four 

different types of fins~ 

The various types 01· heat transf'er surfaces. used in 

mogt heat exchange'.t'"S have been illustrated by Hsu (21). 

He has also given. in detail, the mathematics involved :tn 

the design of heat exchanger~. 

Following the original idea of Professo~ Hsu; 

Hseih (1) has added a new type of extended aur.face Which 

is kno'tm as a f'inned p:tn.. It was found that the heat 

transfer rate can be increased by 61 per cent by a single 

fim1ed pin compared to a plain pin of' the s~.me Ci.:tameter. 
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He derived a mathematical expression for a pin with two 

f±ns, which could be modified fo~ any number of fins. 

: In the following chapters, the; modified mathepa·tical 

equations have been used extensively. 

Reiher (22) proved that the staggered arrangement 
gave substantia.lly higher eoetficients of' heat transfer 

than an in-l:tne arrangement. Mc.Adams (23) described the 
work done by :numerous inveetigators on staggered tubes 

and stated tha.t the heat transfer eoef'ficient is some• 

what highe?' for the E.rtag3ered arrangement than f'or an 

in-line arrangement. The increase in heat transfer 

coefficient for the rows in the :rear of the. banlc over 

those in the front row is due to increased turbulence. 



{i) 

are: 

I!I. TBEORETICAL !NV'EBT!GATIONS ___ ..... , •• _ .. _ .. ,_.,....:. __ .... __ ..;...,.,.-",.,,:...-..:-···-.-· ............ ~--...... ,.;lo,,. ... 

The variableo that afi~ect the rate of steady state 

l. Diamete:t" of pin 

a. Difference in temperoture between pin 
and ambient aiJ.~ 

3. Length of pin 

4. Thermal cond'1tctivi·cy of the pin, material 

For unsteady state neat ·trans:eer ;wo more variables p 

the density and. the specific heat of the ma:teria.l, will 

also have to bo considered. 
In analyzing; these va#riables, if we ltaep the thermal 

condu.cti-Vity of ~he pin mate1~1a1., the con'tfect1ve £1lm 

coefficl.ent and the temperature difference between 1~ot 
of th,s: pin and ambiell.t aii.,, constant, we ai-e left vr.ttb only 

two principal varia.bles 11 viz. diameter ru.id the lang;tn of 

diameter of t.ttie pin against heat flux for i1al"ious lengths 

or the pin. 
Ai'l equation for the heat transt .. e:i." rate through a pin 

Pl'OJecting f•rom a:. prtrnary sur!'aee is given by I~eith (2~·) 

as follows: 



sin\1 rn:i:s + Ht:<::)~;b '.rtit 
cosb. mL + J{ sirlfi mL - (3-1) 

q ... Q , 
if 

s:inh mL + H cosh mI .. 
cc-rsfi ..... ffiL-+ 1r·ff1r11rriit' 

Q = Rate of heat :Elem f'rom pin to fluid. (Btu/hr) 

q ia Rate of heat flow per un:Lt root e.rea. or heat 

flux nt the root of the. pin (Btu/rt2hr) 

P = Per:lmeter• or the pin (.et) 

h = Average conv~etive heat trans?e1" coefficient 

(B1 / I- -"';-2 '\!}) .J~ll. dl" _._.., J. 

k ;a Thermal condiic ti vi ty of the pin (Btu/hr 
A = Cr-;:;iss sectional area. of the p1:n (ft2 ) 

t 0 = Temperatu,re at the root or the pin. (F) 

ta = Ambient temperature of. air (F) 

:rt 

e0 • Temperature excess at the root of the pin 

• to ... ta 

m =}-~--
L = Length of the pin 

h ... 

F) 

The cont1ective heat trans.fer coefficient f'or natural 

convection is given by McAdams (?'3) as: 
1 

h = .27 (~)4 
.d 

for io3< GR (109 
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am'b:tent ai:r {ll') 

d = Diame'ter of: tb~ pin (ft) 

By means ot a compu.ter {m1~1 l6~0) 11 a family of eunes 

of q vs. d a.re plo~t;~ed as shotm in vn.e. fig. l with ~ ., 

124. 2 F and k :: 30 :Bt;u/hr 1~~ F. The dat;a to'/! fig., 1 are 

shOitftl. ill Table A-1" in the .f\ppendilc A .. 

l~ri;,m t.hese curves it can be seen thc:rt;: 

:l" With decrea$;~ ir1 diameter of the p.:tns the heat t:tt"anstex-

Z'tlVE: :tncrea.aes. The increase is no1$able b~tween, the 
~..nge o < d <.. 08 a.nd then t;he slope ot the eune grad-
ually dec~eases for d>.08 .. ~he increase in heat 
ti--anafe~ is due to the improvement in h w:tth decrease 
. in the ve.l,1e o.'f' the denominator :tn eq.uat.ion (3 . ..,.3) • 

2. Jror a gJ.ven dia.rneter1 the beat tra.1'Sfer rate irwre.ase$ 

wi t.b inorease in length. Oh the other halld thel'O 1e 

a. lim.1 t to which we can ine :rease the heat trensfe!' 

ra1;e 't<'rith increase 1n length .. 

:tn v:tew ot ;.he above di.scussion 11; can be seen that 
tor· a g1·ven he~/& transfer ::.."a:te, the design of: a pin can 

he opt1udzed by determining the ideal combination or 
1 nl'>"~ h .... ~.,.~ ·~.~arr. t · o· ·=- ""''h ~ m • e.:-ov . ..,, •• v. u.i.. L.!e. e~ . :r. .~ .e P-~H 
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(2) HEAT TRANSFER CHARACTERISTICS OF A FINNED PIN 
In the analysis ot a finned .Pin,, more variables are 

involved. 

Q # t {d,D,b,s,L,n} 
where, 

Q ~ Heat flux. (Btu/rt2hr) 
d = Dia.meter of pin (tt)-

D • Outside diameter or tin (f't) 

b = Thickn.ess of fin (f"t) 

L • Length or pin (ft) 

n • Number of fins {ft) 

s = Spacing or tins (ft) 

(3-4) 

It would be iotather complicated to vary one. of the 
above variables and hold the 1~st or them constant. For 

a ~iven value of d and D, if b is doubled, the volume or 
the rnate:rial will be doubled w.ithout appreciable increase 

in the surface area. On the other hand, two fins with 
thickness b will ·have two times the surface area compared 
to one fin with 2b th:lckness. 'I'herietore, instead of o:ne 
thick fin, a greater number of thirm.er tins will be 

pJ!i'ef•erable. So we may choose a minimum thi.Ql<:n.ess f'or the 

fin and assume that it be constant. Secondly, from the 

previous analysis of a plain. pinJl we know that srri.aller 
diameter ia better tor increasing the heat transfer rate, 
1Jut a p1n cannot be too small to be practical • So a 
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tins will be equally spaced over the entire length of 

·t;he pin. Se two variables s and :a. will merge into a 

s:tngle variable::. :finally, the varlables. ir.rv'Ol ved are 

D~ L and :n. 

(3) 

The mathematical equations f'or the two disced finned 

pins wel.."e derived i~ deta.:tl by Hs:teh (1). L"'l the 

these equat:tons is givet'l,. 

The aeri\ration of tile equationa was l>a$ed on the 

principal aesv.mption that the temps·rati.1re of the ambient 

air, thermal conctuctivity- of' tl!e material a.nd convective 
heat tran.sfet" ccaff~.cient are constant. I"t; was also 

assumed that the heat ti"ana:ter 1s by eon'ltection only. 

Nomenclature: 
-·-~or-.--~·--·~ 

(:Btu/h:i..11 :i:-i;,2 Jll) 

lt = Tl'ler-mal conductivity o:r tin..lled p:tn (Btu/h~ ft F) 

d : Diameter cf pin {rt) 
D = Outside cliamete:r. of fin {ft) 

s - Spacing or pitch oi'I fin (rt) 

n = Numbe~ or r1ns 
t • i"hiclmess of fin (f't) 
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ta ~ Amb1.ent Jcemperature of' a:t1 .. (Ii'} 

60 :.': 'l'emperature excess at the root of the t•in 

• t 0 - ta {F) 
d 

l"l = Radius o.f pin (f·t) 1t1 ""2' 
= outside radius of f':i.n {ft) ~ 

fh~ t,\.2 ; Q.3 , •• , ••• Qn. ;;; Rate o:r heat transfer 

at the root of the pin with 1, 2, 3 •..•.• u 

i':J.n~~ sp<} .. ceci equ.idistant from each otbe~. 

t--a 
1< 

~1 t re-- brr---
---- L----------.. 

Fig. 2a A pin with tHo fins 
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Tbc f'lnned p:tn is di v:tded into pins eind f:i.ns, and 

He~rt flux :t'r~m the pin 7 is given. by equation 

(3-1) as: 

ta:nh tn.c + H1 -- ""'"' -
1. -r H1 tanh me 

(3 .. 5) 

where!) 

e7.o 0 t1 .... o .. ta 
t 7 ... 0 = Root temperatui~ of pin 7 

m=J4-
h 

H1 = ::-:;-
1LLK 

ta.nh me + H+ __ _ 
1 + H1 tanh mo 

Heat flux from fin 6 is given by Schneider (2) as: 

(3-6) 

where, 

Q • Heat fltu~ from f:i1'l 6 6-0 . 
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I~ • Zero order Modified Bessel Function, 2nd Kind 

K1 ca :~irst order l\1odified Bessel Function, 2nd Kind 

I 0 :: Zero order Mod:T.r:ted Bessel Function". lst. Y.ind 

I1 = First order Modified Bessel :Function, 1st Kind 
B2 = 27f kNtr1 K1 (Nr1)I1 (N~2> .. I1 (Nr-1)K1 (Mr2> 

Ko{Mr1)!1 (N1~2) + Io(l'iI:c·1)IS_ (Nr2} 

For determining the heat flu..~ :tn pin 5 let us a.ssuma 

that pin 5 is surrounded by a fictitious tluic having a 

heat t!'ansf~r coefficient equal to h1 3 then 

Q.6-0 ::: h1S 66-0 
~ h.:t(lfdt) e6 ... 0 

.Equa.tim.g equations (3 .... 6) and (3 ... 7) :1 and rearranging 
r... - B".') .... "' ... ·--!:r.., 

""' 71dt 

Now pin 5 can be conside~ed as an ~ncividual pin With the 

Q5-t l!!l Q7.o and ~5-t = e7_0 at x = t 
9 • s5•0 at x • o 

where, 
Q5 .... t : Heat flux :rrom the end ot· pin 5 
From the heat 15alance of' the differential elemen.t or 

pin 5, we ar~ive at the 

(3-8) 



cosh EH {t·-x) -+ H.--' s:tnh rr!~ (.t·-·X) ,,,_ '- .... ,,,,...._ .... -~~-..,..._----.....__ ... ......._._ ... _ ... _.. __ ... _ 
cosh m1t + H:i s:tnh m:tt 

where, 

Therefore~ equation (3-9) becomes~ 
G5 ... o 

e7 ... o = coab" fuj_'t + tr2 -slnn ~11t 

). 

'C'O'Sfi. r11jJfT:«2--~·sinEi' 1~ 
By differen:~iating equ.at:ton (3 ... 9) 

we get:1 

s1nh m;t + -----co sh m1t + -

tanh mfii +- H2 
ii:: I +ff2· tanh -inii 

tor pin 4 

at x = b 

H2 co sh 

~ sinh 
m1t 
m1t 

I 9' \j ... C} 

(3-10) 
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then 

Equating equations (3-11) and (3•12) and l~al."ranging 

ae'+-b :r i· . T'1• e -
--~· -· . • .... 11.; .LJL!. t, -0 ro:: ....... (3 ... 13) 

llecall tha:ii the neat balance equation tor a differential 

eleme~t of a pi.~ is 

(3-14) 

at x • o, e "" e1i c· 1',., .,,J 

With the help of eqv.at.:ton (3 ... 11) and. the botm.da:r.r 

conditions for pin. 4 the solution o:r et,tuatio11 (3-1:·.) 

e ir--· 4-0 
where 

:!'{ = 0 

Q4 __ 0 = Heat flux th~ttgh pin 4 at x : 0 
• Ql 

(3-15) 



23 

(3 ... 16) 

Since the 

conditi,ons of pin 2 are similar to p!n 5 we can obtain 

on the sane pattern. 

where '."'¥' i:1.4 
'!!"-/• - M<. ~., ... .D6 rnj .. 

= tanh mb +H3 
l t--113 !f anh m'b 

(3-17) 

Tbe heut flv-::: o? pin 2 :ls analogous to equation (3-11) 

___ __,...,......._ __ ..:!" ___ • __ 

1 + H.t~ tanh m1·t. 

The heat flux of pin l ana.J.ogous to equation (3-16) is 
'._·-~ ,,,1•1 •. A.. . ... t.anh rr.a +H5 

....... .. ~"l.\ ~1-·J _, .. _ ... ~-------..._ 
1 + Ifs ·canh ma 

= tanh ma + 115 
1 + H5 tan~h-ma 

m 
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i'ne equations ean be similarly modified f o'J!.' any numbe~ 
of fins by i;he sim~la.r process. rollonng are the 
modified equations giving heat flux fot' a pin with a 
rrta.Ximum o:r ten fins equally spaced. 

Now, 

s : L - nt_ .. nt'l 

ma :!: mb • me = ms 

'f • tanh ms 

Ti • tanh m1t 

R,.- .... _B . m 
"''"O - -10 - -m1 

- - - f• -t Ui"' B12 • .,.,..i_....,, .. ~......,.,,,_ 
1 + !11i6 

H7 • B12 m1 
m 

- - . i' ..,. H7 
B14 m 1-t!H7 

Therefore, 
Q3 • .kA,me B14 ·:·, 0 

Let,, 
- m Hg = B14 !1i1 

Bi6 • '111 + Ha 
- ,- 1 t- f 1Ha 

H • .m;'.--. 
9 -- -._Jii- : ._---

B18 • T +H9-
I + 1!i'f9 

(3 ... 21) 

{3-23) 

(3·26) 

(3-27) 

(3 .. 28) 



Let" 

1 + T1H10 

fii1 = B20 ~ n-~t 
m 

-, = T + H11 ..b22 - -
l +TH11 

Therefore, 

Letj) 

·----

Y(I ... --mi 
B24 :i _:r1 + H12 

----- 1 + Ti H12 

p· : B~4 .... ~11 .. .t13 -
m 

B26 ~ T+H13 
l +TH13 

There:.eore) 

Let, 
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(3 ... 29) 

{3-30) 

(3•31) 

{3-32) 

{3·33) 

(3 .. 34) 

(3-35) 

(3 ... 37) 

(3-38) 

(3..Jt.o) 



Let" 

!·1 '";i 

Therefore, 

Let, 

i:.1 :: B ,... ''"19 . 30 

Qa - l-d~m80D3g -,,; 

Le·t:J 

1-120 'JI: B38 rn 
lni ... 

B40 ~ T1+1120 
1 + TiH20 

(3-44} 

(3-'+5) 

(3-46) 

(3 ... 47) 

(3 .. 48) 

(3-50) 

(3-52) 

(3-54) 

(3-55) 

(3-56) 



(3•57) 

(3-58) 

(S•59) 

The equations presented in this th.es:ts are apeciall37 

adaptable f'oXt the computer prograrnm1ng. A sample 

e$;lcu.lation on page 45 ldll e,el!'\te to illustrate th.e use 
of the e~uatio&a given abo11e11 

t'ti eva1-uat.1ne the V'alues of Q, cmnputer (IBM 1620) 

was extensively ueed. :For a g:tven value of L aPA ~" q vs. 
n is plotted. A u'la.XirtltL"il or 10 fins were used in the 
analYsis. For ~ • l/2 in (;l1ld L = l/2 in.• F1gU1~ 2 

shows Q va. n tor D • 3/4 ~ to l> • l 3/4 in 1n'lreasing 
in the steps of' l/4 in. With tbe same panimeters as , 1n 
F:Lguxie 32~sets of' cu:rves 8.1.!e plotted in J'~ 3 te 9 
with d = l/2 in and L taking on vall.i.e ot l :tn, l l/2 tn,, 
2 in,, 3 in, 4 in, 5 Ul and 6 in. !he data tori;hete 
eu:rvea are 111 Appetidilt A. :r:rom these ¢urvee it ~an 'be 
seell tM.t: 

l. irne heat ttt~"lste:i- nte 1ne'l'ea$es With inerease in 

outsid~ d:tameter.:1 1:;.be increase 1$ appreciable J: .. <-,i' 

smallex-values ot D but it is not significant to'!! 

la:re;e. values of ». 
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ill nurriber- of fins. 
3., D and ti remaining same, h-9at trans.tel:" decreases With 

inc1~a.se in length • 

ll'l vitn--t r:>f the above d:tscuss1on we can ee,y thet a 

shol't p1U wl.th. more number of ti.ns and as big an outside 
diamet~~r q4a permissible would be most ideal. 

When many +rin.tled pins are assembled on a sUJ?taoe ~ the 

''\ltside d:tameter ot tins ia limited by the spa,eing of. the 

pins. 1o;r- a·g:tven length or the pin, the 'boundary lay-el? 
i;.hiclaleaa and the thi.clU'less or tree cotavec1;·1on control 

(4) 

A deta:tlec1 tneoret1Qal 1nvest1ga:t:ton of the heat 

t,ranste~ characteristics ot a tinned pin and a plain pi.ti 
led to the optim!zat;ion ot their ·design. Since 1t had 

been proven $ha~ a tiRn.ed Pin wa$ tbta beat amon-s the 

ex~nde.d suztraces to.r.- 1ncreasin$ the heat tra.neter ~1.;e ~ 
the n<!;!:ld; step was tlo optimize 1ts design. :ror the purpo.se 

. ' ' 

.or compa.r~soa an8 !ft x 4 1/2 111. pl:'imary su~taee was 
eonside:-ed mos~ convenient beos:uee 1t bas autfi(1.ient area 
an<l the l:·1:dld1ng up of finned pins and plain p~na will not 

be to<» d1i'ficul t • 
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De.si.z!l o:r pins 

Design of heat t1~nster surface with pins was based 

on the follo'filring assumptions. 

1. Tha temperature of. air around all the pins was 

ar.sumed constant. 

2 o All the pins were at the same root tempe19ature •. 

3. The heat ti~anafer rrom pin to ai:t~ waa py eonvection 

only. 

Since the surfaces of pins and finned p1na a:i.:"t'.! 

polished: the emissivity will be low. '?he tempera.tu;re 

diff'e1-.en.ce for Which we will des:i.gn is 100 F" which is 

11(.lt much for considering:. radiation. In a compact deaign 

of pins a.nd finned pins (I most Of' these pins will be 

surrounded by pins at the same temperature and this will 

reduce radiation. Only ef'tecti-.Te radia.t3.on will be trom 

those pins that are exposed to tree atmosphere and such 

pins are much les.s compared to the total number or pins. 

We call also dete11mine equivalent radiation co:nvet.:ri.;ive 

heat transf'el." coefficient to check w.hether it is considered 
significant. 

(McAdams) 

h = E"ru:t Valent radiation convect! ve heat t1 .. axisfer r ~ 

coefficient (Btu/hr tt2F) 



~)8 ..., -
er~ Stefan .... Boltzmann constant = .171 x 10-8 

~ = Emissivlt;y· of the SU.:t>fa.ce 

T2 = Absolute temperature of radiating surface (K) 

T.. = Alrnoluta tamperetu1"e of ambient air (K) 
.L 

540 K 

Surf'ac~ tempe:red;ure of pins = 100 "t 80 :::: 180 :01 ::: 640 K 

E: :: • 04 t'or polished copper .rrom Hsu (21) 

- (~6g)_4 - (-1~6~~. h 1.. ... .1 71 ( • O~· ) 
640 .. 540 

= .0562 which is considered negligible 

li1or the design of pins an important consideration 

is to d~termine spacing of various size pias wh:l.ch will 

be checked for heat transfer rate. The boundary layer 

thickness of free convection will give some idea about 

the apac:tng but as we go in the upper 2~ws the boundary 

layez• will b~ turbulent as ~xplained on pa.ge 11 • In 

viet'il' of the complex natumof the conditions, it was 

very c:Uf'i'1cult to arrive at a value of the clearance 

between t!-J·o successive pins. Since the diameters or the 

pins th.at were to be considered were small, an avel. ... age 

value of 3/16 in. clearance was considered a good 

assumption. Tile total number of particular diam~ter pin 

in i>OW$ and c·:.1umns were tound from the geometrical 

considerations as shown 1n Figure 10. 
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------ w -----·------'Pl 

The gene~l equation from Figure 10 can be written 

as: 

w = (n-l)e + :nd (3-61) 

where,, 

n :;; ·· Number Of' pins 

e ::: 3/16" 
'line number of pins and their spacing were fouu.d for 

each diameter of pin~ Length of the pin was judg~ci i'rom 

F:tgur-e 1 • Heat transfer rate was deterwined by the 

equation (3·1) witb k = ~20 Btu/hr tt F (for copper) and 

e0 • 100 Ii' was considered an average value of ·temperature 
:ror the temperature range which will be covered while 

testing. Ttle entire computation was done on the computer. 

TabJ_e 1 gives the numbe~ of' p:tns on the primary 

surt•ace,, :length, diameter and total heat transf'er ra.te 

from an. 8 in x !1. l/2 in. primary surface .. 
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Table l. · irar:Y.ous Designs of Plai.n Pin 

L Number Dia .. of Q/pin Total Q 
(inches) of.' pins pin (in.) (Btu/hr.) {Btu/hr.) 

2 383 1/8 1.4171 538 

2.5 246 3/16 2.4137 595 
I ' 

3 165 1/4 3.6 592 
4 88 3/8 6.5025 572 
-* 

l•'rom the i'our designs given above, the one id:li~1 

3/16 in. diameter pin gives the maximum neat ~ransfer 
rate:, so th:ts was to be tested experimentally. FU:r.rther 

details of this design are: 

Centr-e to centel" distance between oonsecutive pins 

in &"'OW :; 3/8 in. 

Cent:-..--e to cen.tel"' distance betweer1 two conaecn:i:tive 

·l1 <JWS ~ 3/8 :l.11. 

Total Q for two 8 in ~:: 4 1/2 in surface with 3/16 ;in 

pin = 2 :;; 2.1~.6 x 2.4137 = J.190 Btu/hr. 

Fig-v.re 11 snows the asaenibly of' pins. 

The a.ssur:iptions in the design of finnGd pins a:ra 

the same as those made in the design of plain p,.ns. 

In case or fln:ned pins the assembly was not so ea.sy 

as pins because to put more number or r11med pins we had 
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1g . 11 Assembly of plain pins 

1g . 12 Assembly ot :r1nne4 pia ·1t h. i ula:t io 



to arrange them in such a way that they overlap on each 

other, leaving a clearance of 1/8 in9 which was considered 

necessary .t .. or the .t'ree movement of air between two over-

lapping fins. This was done by having three different 

size of pins whose lengths were 1/8 in. greate:i? than the 

other. From the curves on Figure 2 to 9, eight fins 
were· considered adequate. The pitch ot the tins, on the 

basis of a clearance of 1/8 in. was found to be 

3 x 1/8 • S/8 in. The short pin extending from the last 
fin was also kept 3/8 in. Figure 13 shows the details of 

three different types of finned pins. Total ni1mber of 

particular diameter pins were determined from the 
geometrical considerations as shown in Figure 14. 

The general equation tot- finned pin can be written 

as: 
w • nd -t- (n•l)f + (n-l)e (3-62) 

where, 

n = number of pins 

f Ill l/8H 

The number or pins and their spacing were found :tor 

each given size or a finned pin. Heat transfer rate was 
determined from the equation (3-49). The Table 2 gives 

the description or various combiP..ations of finned pins 

that were tried to maximize the heat transfer rate from 
an 8 in x 4 1/2 in. surface. 



L -----------·-·-·--·-·-----···-

t ::. 1/8 11 for oin 1!: 1 . ,, 

t .. 1/4" f'or pin 1'/: 2 

(. = 3/8 11 fOl."' pin II 3 

Fig. 13 Di;.icnsions of three types of finned pin. 

w -----·-··------··--·· J 
Fig. l~- An ar:r.-aangcr,1ont of finned pins in a. row. 



d 
in .. 

-

Table 2. Various Designs of Flnned Pin 

- ·-.... ·---.. ----··-
D Pin #l Pin# 2 Pin # 3 

in. ~'\lo. of' Q./t1in 
ii " . 

No.or l~/p1n No.of' Q./pirL 
pins pins pins 
- --~-·-

"""'' ____ ·-- -

Total 
Q, 

(Btu/hr) 
-·--"' 

3/1 
3/1 
:2/J. 

6 7/lE 60 5,584 55 5.44 60 5.44 960 
6 '11/16 

I ' 
36 9.335 36 9.634 36 9 .. 634 1030 

ti. 

. 
1/4 

13/8 
I 

3/8 

L. -

I 
I 
' ; 

1/2 35 I 7.18 
I 32 6.93 35 6.93 715 

I 

3/4 32 111.794 28 11.924 28 11.924 10~·6 

5/81 32 10.222 28 9.786 28 9.786 874 
1/8 21 i6.58j_ 21 i6.4n- 21 16.ln1+ 1041 

_ • .., --- ~-......._ ________ r 

From the pin designs gil\ten above it is seen that the 

design with d = 1/4 in. and D = 3/4 in .. gives the max.imum 
heat transfer ;rate,, but the design With d • 3/8 1n and 
D • 7/8 in gives 5 Btu/hr less8 which is small compared 

to 1041 Btu/hr. Since it would be much easier to make a 

p:l;'imary surface with a lesser number of finned pins., the 

latte:!."' des:l.gn was tested experimentally. Further details 

of the design are: 

Center to center distance between consecutive pins 

::l.n l."<>W • 3/4 in., 

Center to center distance between ·two consecutive 

rows • 3/4 in. 

Total Q ror two 8 in x 4 1/2 in surface with d = 3/8 in 

and D = 7/H in x•mned pin = 2 x 1041 = 2082 Btu/hr. 

Figure 12 ehows the detaila or finned pin assembly. 



Heat transfer from a. ple.te was cons:l.deJ;-ed. a basis for 

comparing; pins and finned pins~ 

g.:t·ves :t 

be = .. 29 (~T/L) •25 

where:; 

(5) 

h = .A:verage convective heat t:."'a..i'ls.fer coefi'icieis.t 

(Btu/rn'"' f"G2l11 ) 

AT = Difi'erencc· in temperature betwoen i;he pla,te and 

air (l:.'1) = 100 Ou 
L = Length of' the plate (ft) = 
h = .29 (100/ ~) .. 25 

= .29 {1200/J+ .. 5}9 25 

= 1.176 
Q. = h e0 A 

- 1.176 ;;~ 100 C8 ~!:ll.~ ·q5 ) l .. 

= 29 .. 5 Btu/br 

Cttven data: 

k = 2.20 Btu/hl? ft Jr 

d = 3/8t1 = l/32' 
b :: 1/100" ~ 1/1200 1 



D = 7/8q' 

EL = 100 Qp 0 

Now,, 

11 = 8 

s = 3/8" 

h = .. 27 

"" .~7 ... ·-
·~. 2,032 

= 1.088 
S = ms 

,4(2,032} 
220 (1/32) 

: l .088(l/32) ;: 0 .034 

H1 = -~· p ~g-~~sr-
nig: \l.08. 220 

= 0.0085 

r.e = Ta.nh S :: tanh (0,.034) 

= 0.034 
B = T+Hl 

, ...... - Ip t•' 
- . l +THi 

0. 034 -r 0 f £>.Q§.2 " = 1·+ o.os4· o,,o685T ::; 0 •0""25 

rr - fgE = I 2{2.02)1 ~ = 4. 71 
~ ... , kb .v 220 r11 200> 

0,,0736 



K1 (Nr1 )I1 (Nr2) - I1 {N:r.-1 )K1 (Nr2 ) 
Ko{Nri)I1(Nr2) ~ Io(Nri)K1(N~) 

:;: 3 .. llr· (220) ( l}. '71) {1/1200) (1/32) 

12.864 ·o.001ii- - o.o?.8} 5.282 = 0 •0158 
~.685 0.0914 .. 1.0015 5.282 

i- ... B~ t•j - . 
· n-· a--5-

• 193 .. 4 

H'- • m B -A~·~1-
m1 

= 0.004!~ 
1.088 4 o.o 25 
10.62 

H = m-v b :; i~0.; g2. • 0. 00885 
~ ~ . 

'l'1 = TanhH = 0.00885 

= 0.0132 

H3 :: ~ B4 m . 
lo. ···210 01"'.':l·'.)) = ~ ~ .p lt • .!~~ ..... 

. 1.,088 

Bc.o = T+ H3 
r+1fH3 

= 0.1288 

= o .. 034 + 0 .. 1288 
1..-0.034 (o.12SS) • 0 •162 



1.083(0.162) a . 
. 10.62 

= 0.0166 

Bs :; T:t -t H4 
i '+ T11bi 

·= 0.0255 

- 0 .00885 ... 0. 0287 
... l-t 0.00885(0.0287) 

:: 0.0375 

• 0.3661 



m 
H.g '= mi B14 

;; 1 !;p§.§ (Q . ., 3.22?)_ = 0 . 01105 
10.62 
"".·i + Uc, B16 • "" '"4Q 

l T 0 1lriH8 
n 00882 + 0 • OJ+05 . . a O. 0493 = ~ o .. 00885 <'o :011~05y-

1.. .., m.J..r B 19 ... ---- 16 m 

- l0.62(0.04931. lft 004813 ··- i.088 

B-.g • T +H9 
J.-. J. + TH9 

= ~ ·~~; ~3Wti~ij!1~n-.. -- ~ o. 501 

H10 = m B1.8 n.t.., 
.J. 

T1 + Hio 
1 +Ts.Rio 

0. 0088~_t. 9..eS!.2~~--.- :: 0. 0608 = i +-o-:·0oss5 co ~ 052 > 
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m B }~2 • foj_" 22 

.... .... 

= 

= 

1.088 {0.61~·7) .._,.,.,.,.,.,..,_-...,..-........ __ .. ~_,_ .. 
l0.62 

T.;t +H12 

1 + T:tH12 

p. ,09885._; .0. 963 
l'. _._. (\ or.r.tB~ (n o~·.i;t.· ) ..., """'~ ..,,, ... ,, .,.; ·'-'• '"""'-' 

1:9 .• 5~!L_(2_.2_'.(l g l 
1.088 

l l" ~))'"' (0 11·7c:;) =~.:?.'2....' " · .• 2.. .. 'Ill 
10.62 

Ti -t H14-
1. -t Tj,H14 

• 

0.063 

0.0718 

0.7006 

0.7175 

0.0823 



H-i -~.· : _,,.J;.~ ' 

'l' + li1i; . _.. ---·-..-.-
1 -t-TH- ". .. .t:::• 

0 .034 + 0.8033 

51 

•. \11 'l'l 
~-- .;J30 lfli 

.. ... 

B •. 
34 -

0.0835 

o .. 00885 + .0 • 0~32. - -rr • r-+ o .• ooal35 co. os35, 

10.62 {0.092'.il. ~ 0.9006 1.'o8·a 

1 +TH17· 

0 0. •;~,4 + o.noo6 • ~ L~~·--··~"':"':"'-1:;·0:03it{ 0. 9006) -... 

0.815 

0.0923 

0.9069 



;,,-.:--.1 '') r.o.:::.c,) ,. ..... vv J \;\ ., ;;· v7 

: 16.588 Btu/hr 

Given dnta: 

L • 2.5 :tn •. 

d = 
t1 = 

g • mL = l.56 (5/24) 

T = tanh 0.325 • 0.314 
H• 



--
'L - 8"'· 0 ..... ),/ 'li..)Q Btu/hr 
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IV. EXPER!ill!ENTAL INVESTIGATIONS 

(l) OBJECTIVE OF INVESTIGATION 

From the theoretical eo~1siderations or the preceding 

paragraphs it is evident that the rate of heat transfer is 

grea.ter for the finned pin than i~or a pin. The objective 

of' the invest:tgation is to verify the principle 

experimentally. 

(:2) CONSTRO'CTIOW OF APPARATUS 

Heater 

.A separate heater was made f'or finned pins, pins 

and plates. The heaters were designed to give a ·uniform 

heating of the prima:rr.y surface. Nichrome wi:.re was 

wrapped around an asbestos sheet as shown in Figure 15. 
Plates~ Pins and Finned Pins --· .. _ . ' - * -

The construction of plates and pinned surfaces was 

quite simple,, but the finned pin au1,.tace was difficult 

to make. Some of tbe important considerations in the 

construction of the finned pin surfaces were: 
1. The f'ins should f'1t tightly on the pill and 

the assembly of f'inned pins must be dipped 

in solde:r to ensu1"0 a metal to metal contact 

at the junction of a pin and a fin. 

2. A higher percentage or tin in the solder will 

give a good finish to the finned pin surface. 



1 , • 15 EL ctr1c Pl ,, s 
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Fig. 16 Finished a ssembly of finn Jd pin 

' . . 
I (.7) 2 (.8) 

•-I 
t 

• 6 (12) 

~ -

Fig. 17 

.3 (9) . 

5(11) 4(/o) . . 
' 

II a --

An o.1.,ran,.:/3 r.tcnt and nuubcring or t he:: t horr.10-
coupl ~n . (7iguren in par~ntncoe0 indi c a t~ 
t ·ier! lOcoup le s on t 1\.; ot hc l" side of t r1e pl a t e. ) 



A r.1inimu.m of 60 per cerrt tin un.d 40 per cent 

lead was c011sidered permissible. 

Figure 16 shows the f':ln,.shed aasemhJ.y ot a finned pin .. 

The :thermocouples were located a.s sh.own, in FiSUJ:'\1. l 7 

:ro:t .. a.11 the tb1'\ee arrangemer.i.ts t() get a good average 

root or plate ternperatttre. Since the temperature of tbe 

thermocouphu.1 was to go as high as 400 Ff) they were 

brazed 011 pi:ns and plates. 

(3) LIST OF l1flATERIAL 
-----~--~~~ 

The :tollowi:ng materials were used in the experiment: 
Copper Materials: 

163 3/16 in dia. x 12 ft long rods for plain p1n$ 
4, 3/8 in dia. x 12 ft long tor mal~ng pins :tor 
firmed pins 

.01 in J~ 12 ·rt x 1~, ft coil was u.sed to make :r1~s 

20 in x 20 in x 1/4 in plate was uaed for fi'"Ont 

plates and sitk~ plates of' heater box. 

Insulation: 
Porce11n insulator beads 
l/8 1n thick asbestos sheet for w:lnding the heater 

wire 

2 1/2 in thick insulation tor sides of the heater 
box. 



Thermocouple Wi~te; 

Matched 30 gauge copper-conata.ntan td.re with 

plastic insulation was used. 
Soldexa: 

Solder coataining 60 per cent tin an~ 40 per cent 
lead was used. 

Heater: 
MichrQm(! wire w1th .652 n./ft zaes1stanee was used 

(4) LIST OF J\PFAM'NS 

The tollowil'Ag apparatus was ueed in this investigaUoru 
Ammeters: 

Weston type,, l\ange 0 ... 5 amps. 25·500 e/s, mMUfa.etured 
by Daystrom.., Ine.D West.on Instru.ment Div1s1ou,, !~ewarit:, 

New Je'Z!Sey. 

Weston typ$, 0 ... 3 amp.~ 25-500 c/a,, m~utactured by 

Daye;trom .. lnc. 
Potent1omete~:. 

Mumber 2745, Range 0-75 mV,, po~able type, mal'lufactu~d 
by riU.Meapolie-Honeywell Reg. Co • .., Rubicon InstX"Wnents.11 
Philadelphia 32, Pennsylvania.. 
Voltmeter:· 

Model 912, Weston typea> Range 0-300 v. 
Variac: 

Type W20MT3, one side common to 11ne and load, line 



Three dif:eerent heat t~i:-ansJ.'er surf'aces, viz. plate., 

pins and finned pins., as shot<m. in Pigure 18,, Pigure 11 

experimental procedl1..l'e adopted for each one of them was 

the earne.. Since these sur:races wei1 e to "be tested for 

1'1~~e convection.:: tht": testing was done 1a a small~ closed 

time to tim<.i! the ·thermocouple readine;s wei~ checked tzJl.d 

·whan tha l.'"ead;ings :!"emained con,stant for at laast f':tfteen. 
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1 ,. 18 As mbly prlniary - ~-. e 11th siX 
1J.be . oeauples 1t · '1! 1 ,e 
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Vc;1Y'la.c 

S:::. Swifch 

0 

110 V Sour-ce 

Fig. 19 Sketch of Heater Gircui t 



g. 20 Experimental , t - p , or tbe e1a.'t transf"er measurements of 
ft _ pJ.n, Pl.n atld plat 



W ~ Rate of electric ene1"gy supply to the heater 1n 
Watts 

Q :;; Rate of electric e:ne~y St!PPlY to tb~ bea'be:r in 
Btu/hr. 

v l 'v 2, .... v 12 • P.ote11tiometer :readirtg ¢~· tile thermo-

couples 1, 2, ••• 12. (:Millivolts} 

'Vm = Mean potentiometer readj.ng o:t all the twel va 

t.he:t."llT!OGOUples 

C$.Se may b1;-: {1?) 

Pl . .,, .... ,,, .. - .(,,.. ,,,... 
·-•""•"'"" ... "O""' "'a 

V • \ioltase across th~ beater (V'olts) 
! • Cv.r:i:'l?.nt pass:l.ns •t;hi"'o~n the heate1"' wi:c·e (Amps.} 

Four sets ot data were tak~n tor various e0 tor the 
finned pin., pin and plate. 1?ne dei.ta f'or all th~ three 
a.r:tan$err.ents ape g:l. ven in a tabular rorm in the Appendix B. 

:fable B· ... 1 $ B·2; :a ... 3 and B~.!~ rep~sent tb.e expertmental 

measurements er the heat tl'ansfer rates for various 90 

f'or f'inned pins. Table B"-5, B .... 6., B•7 and B-8 rep1~sent 

the e::tperimental measurements of neat transf'er rote for 

ve~ious e0 for p1na. Table B•9, B-10, B~ll and B-12 l1eP:reeent 
the experimental meas\U'ements of heat tx-aaatex- n.te tor 
various e0 for plate. 



V. };ISCUSSION 

showed variation ~.n tempera.tl:l:re. a.t ·the ~ot of' the p.in,, 

The tempel'atu.re variation betwee.tl 

The :>?O!:>m temperatuz-e varied from 70 to 85 F diJ.rtr.i.g 

the enti1~e te :::Jting of plate,, p:tns and finned p1ns. S1n.~e 

we were '.Inly concerned with tb,e tempera~e excess at 

the root of the p:i.11, 90 ,, the va%1.at101l dirl not int1"oduce 



~ei~~~~1l~--£!.~ .. ~E~E!.. __ Ro~~·---~- t~~ Pir.!-__ a11_U~1f~ .!.v_er~ __ Bi!~~ 
1l,'emperat1:!~. 

'l.'he t0rr..psra..tu1'3 a.t the im.me<:11ai;e vicinity of' a, pin o~ 

t:1quD,t:J.ons :.::·or a p5..n and. a. firmed p~.i1. 

pin <.:ind 

.·,"' .. ·.·.•_.,.,,.J~ :·,."_,r;, 1·tt.~ P"U .. ,., ... :a .-;4 
~ .!...' .J .. u . ... ~ ~; c • 

e~., • ioo :f.1 ... 

(ii) For Fluned Pirrn 

Given data: 



The i~sttlts show that h was nigher in C¢1.ae of pin 

Plate. 

The cuwes drawn in Figures 21, 22 aud 23 show the 
neat transfer :rate vs •. 90 for f'1rined pin,, pin. and plate 

respectively. These curves indicate that the expe:i?imanta.l 

results wet'e within :_4 per ~ent ot tbe average cu.xrve. 
11i1gu:re 24 shows the grouping ot the curves drawn in 

F:tgures . t?l,, 22 and 23 ;t?o.~ the purpose or oompa:rlng 

their heat txaansfe~ rate for val*ious 80 • Cul.*Ves in 
Jll'igu,re 24 show that the heat transfer mte is highest 

for r:tnr1ed pins, little less tor plain pins anti mu.en 

m.a;re l.~ss !'01,. a plate. :the heat transfer :rate increases 

rapidly f'o~ lowe:t."" vailuea 0£ e0 but it <.dmt)St t'ollows a. 

st1•aig!1t l.:l.ne .fo;r t:he nigher v:~l'Ues ot" eo. 

Ef'f~ct1venes;$ 
............. ~ .. - .... --~-,.,..,,,, . .,,.;...:...__ .. 

TJ:1e effeGt-iv~ness f<.n- various al"':r-a.ngement.s is 

calculated for 80 f:rsm ~'igtt~ 24. The pl'Qoedu:re tor 

the calo:ination of ~be per Qent 1ncrea.ae 1n the 

etf'ecti tte11ees is as followa: 
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per cent increase in effecttveness 

of finned pin over plate 

per cen-t; :increase in effec'i;:i.vc:nof:is 

of pins over plate Q_. -Q_,t ... p:i.n ___ .J:~l:§._~. 
Q x 

plate 
100 

per cent increase in effec'l;ivener;s 

of finned pin over pins 

Cta·vcs in Figure 25 show tbe per cent in.crease in the 

effectiveness of finned p1ns and pins over a plate. 'These 

curves indicate that the effectivon2ss is l1ighest f'cr:1.."" 

finned pins and little less for pins. The other point of 

interest iz that both for firmed pin and plain pin tl':ie 

percen1..; increase in ·t;t1c effcctiv.::ness inc1 ... ea.ses sharply 

as 00 increases but that the increase is smalls it reaches 

a maximum value and takes .:;. downward trend. 'l'he downward 

trend may be due to the decrease in the beat transfer• rate 

du.e to increased air resj.stance wt1.ict1 becomes more signi·-

fican~c on higher ·temper·ature rar!ge for finned pins and 

p1nn.ed surfaces. 

Figure 26 si1ows tl1c per -:::ent increase in the effective-

ness of f:lhn.ed p:tn over pin. The cur'Ve shows that as G0 

staPts increasing ·the per cent increase in effectiveness 

1"'at;e of incr»;;D.se :ls ver·y mucb less as 0 
0 

goes high. It almost~ becomes steady at 36 per· cent when 
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f"".•'1 { i.: 

of Volitmc cf P'irined ?in and Pin 
,..-.,..~------ ... -.-· ...... ----...... -·--·--------

·volume ot P~~ns --- --
V pin ~ (rJo ~ of pitls) (Volume oT 011e p~n) 

= 492 {Z.5} {~ ( 1~) 2· 

= 3J.i. cu lJ1. 

'"' ""·· • '"'(-:')' {y) ( ) 
- ' OJ ii . jf. 

Volume o:C Pinned P1f•S "" ~--~ .... 

Volume of: £ins m (lllo. ot .t"'in.s) (Vol-~t1e 0£ Ot'A.e :.i.":in) 

Volu.me oi' Plna 

.. iooa [01ci) [ <!>2 : <~>2J J 
= 10 e08 (~) <@1' ) {49 o'9 9) 

··;; Mo. pias (.x•aectiollal ai~a qt p:Ln) ( 'Q~rbal :t,engtil of 

ttu-ee l>~ns) 

G 42(f)(~)2 (3.,125 +3,.25 -+3.3'l5) 
. . ... ~..,. 

- i.t5 . .., ,., ... ~ i·n· ~ ... ~L;. ~w. .,, 

Total vo JJ,;im,e o.t fin.nee\ pins 

~. Volu.rne of fins+ Volume ()!'" pins -r Vol~$ of plates 

~ 1~ .. 94-t- 45.2 +18 

• 68~14 cu in. 



Pexa cent increa.se in volume of :firmed p:.tn ove~ pin 

• 68.14 - 52 x 100 
52 

= 31% 
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VI• $UJYIMARY .~ .. ND CONCLUSIONS 

Objec,ive of: the thesis was achieved. It was px-oved 
expe~ime:ntally that tianed pin e:ictended surface was 

superios over a plain pin, which was eonsidere'1 efficient 
means to transfer heat from a pr;tmary sw;taae. 

The true temperature Q.irterence be17aeen tne root ot 
the pin and ambient ai~ 1s much lowei- than e0 • 2.'ne 
reason to:r- this difference is that as tbe cold a.1:r moves 

up it is gradually heated which reduces the difference 

1n temperature. 
The increase in effectiveness of finned pin ove~ 

plain pin ia almost constant on medium to highe2.' 

tempe~ture ~e. The maximum per cent increase in 
erreet1veneas or finned pin over plain pin is 36 per cent. 
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VI!. P.ECOMivIENtill. T!ON'S 

l. Various designs of pin and tinned pin raay be tested 

expe1-i1mentally to see if there is arty fu.rther 

improvement in heat t:ransre~ rate. 
2.. Dif'fe:i.~ent sizes of' pr1.mary surface may be tested. 

3. I11ol1'Ced convection Uk'i.Y be employed. 
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XI APPEl®ICES 

CALCULA.mD DATA ON BF.AT TBAMSRR CHARAC1'.ERISTICS OF PIN AND FIMNED PIN 

Table A-1 Data on Heat Transf'er Cb:aracteristies of a pin 

ii:! 
Serial ct~ Heat flux in Btu/ft hr. Len~h Of 
No. 'dmb02 da.O~ d •• oo a •• oti da.1 d..12 dm.lll d- .. 16 d .... 1a da.2 pin (i.n.) 

1 4u794 2173 1388 1021 811 676 583 514 462 421 1 

2 8:1460 3932 2491 1805 1411 1157 981 853 755 678 2 

3 10,,992 5411 3479 2530 1975 1614 1363 1178 1038 928 3 & 
4 12,552 6574 1!·325 31'17 21i91 201!-0 1722 1488 1309 1168 4 

5 13,446 7443 5023 3738 2953 2428 2055 l1T1 1564 1395 5 
6 13,937 8067 5582 4211} 3358 2776 2358 2045 1802 1609 6 

7 14,201 8503 6017 4608 3706 3084 2631 2289 2021 1808 7 



Table A-2: Data on Heat Transfe~ Characteristics of 

Finned Pin$ L = ~ 89 

-
No. of' a. hea.t flux in Btu/f't2hr .. 
Fins D= _L D~ lu D 11." D 11n ~II = i:.. •·2 Dal 

Ji. -
1 1;)837 2,635 3,580 4,564 5,4.84 

2 2,,436 4,022 r.; 886 . ' 7,814 9:605 

3 3.?033 5,395 8,154 10,988 13,602 

4 3,628 6} rr54 1.0' 381t· ll~ ,088 17 ,1~83 

5 4,219 8,100 12,5'"(7 11,,1rr 21,253 

6 li,.808 9,~·32 12~ :J '735 20:;0'79 24~918 

7 5,395 10,,752 16~859 22,, 975 28.9483 

8 5:i979 12,058 18,948 25$809 31, 95~· 

9 6:1561 13;1351 21,006 28,583 35.9334 
10 7,140 14,633 23,031 31,299 38,629 

- ---



Table A.3: Dat;a on Heat Transfer Characteristics of' 

Finned Pin L: l" 

- ~- -
No. of q, heat flux in 2 Btu/ft hr. 

........ _________ .. ~ -
F:lns D=i ...,lo D• l ir 

4 
D•Jl..U 

~•I.;. 
Dl:'.l 1J. ti -2 Del-. .ln 

4 --
1 2,Tl8 3;5lf~{ 4 !t!~'7 :> • • 5,375 6,,235 

2 3.,358 4,875 6,631 83417 10,049 

3 3:1933 6,1'79 8:;746 11,,326 13,655 
" 4 M•oh. 7$45'7 10~796 14,110 17,070 Li- ,~ . 
5 5,070 8:;712 12_,783 16 780 J • 20,313 

6 5,6;u 9~ 9l~3 14 ,·712 19,3!}~· 23,Li·OO 

7 6,188 11.~151 16,585 21,,809 26,344 
8 6.?739 12,337 18,405 24,183 29,159 

9 7,287 13.?503 20,175 ~6,!}72 31, 85b,. 

10 7,,830 11~_,61+7 ~1,898 2.S.?682 3!~,,!~40 

""""~-
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?able A-4: Data on Heat; Tr·ansi'er Characteristics of 
] JlO d p· ~ 1·• 111! ~ .., nni::. ··n ... -··-• '- • ., J..,J ., 2 

--· ........... " -~-- ... - --
Moo 2 

of' Cl.:> heat flux in Btu/rt hr. 
Fins 

..i'' ---1n 1 'I J) .... 1J.-~i D:~ D= Di::: D.IOlt;' 
~· 

- ?-

1 3,666 4 ,391~ 5"1241 6,,101+ 6,896 
2 4,,219 5,651 ·r :;285 8,921 10,396 

3 4:; ·767 6_,87!1, 9:;239 11;)568 l;L,633 
4. 5,308 8,061~ 11,109 ll~, 062 16;642 
,_ 
:::> 5:;8'~·2 9,223 12,902 16,iH'7 19 !I ij.51 

6 6,371 10,352 1!~ ~623 18,6!~9 22.7085 

7 6,893 11,452 16,2'(7 20 9 768 24,564 
8 7,1w9 12.?525 1'7 ~869 22~787 26:i906 

9 '7.~919 13j)571 19;.403 24,714 29:il26 

10 8;>423 14:;593 20.?884 ~6,558 31,237 
' 
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-~ ----~-""-~~ ..... ----~···---~--·-f!Or----.. -
1'k1. he('."~t I 2 of q,, tlv.x in Btu ft ru .... 
F:lns -•ia<lll'•- ~-~----~ 

D:: 
~n .., II D "t J. u Di::l·~11 

~~I 
_.;J.. D:: .. t -~.;L1f. D0l_;i~ 

lJ. 2} - -
1 ~·;486 5 "167 J .J.. r.::; 9l'.)~ .-':; . . - 6,746 7 lt68 !J 0 "' 

2 5:i008 6,,3~-2 7:i84·6 9~333 10:i655 

3 5,523 7,479 Q 638 
;; ' - 11,730 13,,556 

~' 6,030 8_,578 11,33'7 13,959 16,213 
,-. 
'.) 69530 9.$641 12,,950 16,0~-3 18:1664 

6 7.,023 10.,670 1~-,485 17,998 20,939 
r]' 7,508 J1 rr:p 15,950 19,8~·0 23,063 1 ....... :1 ·,")Q :J 

8 7,986 '} '.'.' 635 ...,,._, 17~350 2l:i58l 25_,056 

9 8,2.~58 13$57'4 18,691 23,232 ".:16 033 ~ :> ;;! · .. 

10 8,922 - )~ 43r .J.~,. 0 19..,978 24•_,803 !')8 T·o c. ~ ..!. 

-



88 

Table A-6: Data on Hea.t Transfer Cl1araeterietics of' 

Finned Pin, L,:: 3° 

l\Jo • Of q, I ,, heat flux in Btu ftchr. 
Fins 

D~" Dm 1 11 

4 
D 1 .. !.fi =-4 D=l~-" ...l" D::l 

4 

l 5,892 6,468 7,122 7,773 8,357 
2 6s342 7 _,l~68 8,710 9:i913 10,962 

3 6,786 8,428 10,195 11,863 13~288 

4 7:;221 9,349 11,585 13,652 15,386 

5 7.ri648 10,232 12,891 15,302 17,~98 

6 8$067 11,081 14:1121 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 ,4·39 20,883 23,638 
10 9,667 14,174· 18,4~-2 22,086 24,989 



<r" ruie ... ~ Pi""" T. - 11 11 
~.J. _-u., .,..i.: J..J .... '"'t 

1;~~·-.. -o-.:i-'-". -.-----q-,-l1_e_a_t;_f_l_v ...... --.~-1-n_B_· -tu_/ ___ f~-.; 2_h_l_" _• ----

Fins 

1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

6,9·78 

7,355 
7 ,·727 

8,093 
8 ,h.·51 

8,802 

9,145 
9,482 

9,812 

10.7135 

7,447 
8,2'77 

7,974 8,493 8,953 
9,281 10,239 11,063 

l0_,500 11,8~6 

13,276 
10,,567 12,'703 J)-1-.,610 16,lTL 

11,266 13.; 703 15,848 1'7 ,587 

11,936 14,648 17,004 180901 

12,580 15,543 18,091 20,131 

13,200 16,393 19,117 21,289 

13,797 17,~05 20,091 2~,386 
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Table A ... 8: Data on Heat Transfer Chamcteristics of 

Fin .. '!'led Pin, L : 5 11 

-
No. of: q, heat flux in Btu/rt2hi~. 
Fins 

Ds 1-" Da 1° D 1.lU IS ~ 
D 1 1 t1 = 2 Dal~~' 

1 7,773 8,147 8,563 8, 969 9,326 
2 8,084 8,828 9,630 10,,388 11,037 

3 83393 9,487 10,633 113690 12,575 
l~ 8,698 10,,119 11,572 12,885 13.l1967 

5 8.7996 10,724 123453 13,989 15,242 

6 9,289 11.,304 13,283 15,017 16,422 

7 9,575 11,,860 14,067 15,981 17s522 

8 9,856 12,,396 14,812 16,,890 18,557 

9 10,131 12"911 15.,522 17,,752 19,536 
10 10,~·00 13,408 16,,201 18,573 20,467 
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Table A-9: Data on Heat TI"ansfer Cha1~acteristics of 

Finned Pin, L = 6 11 

No .. or q.JI heat flwr:: in Btu/f't2hr. 
F:lns 

De -t" D. 111 -111 Da.L1.; D:1·~ 11 
?fr 

D:l-f 

l 8, 33b, 8,627 8.!1951 9,267 9,542 
2 8,589 9.?185 9 8~-it ;9 r- 10,426 l0,938 

3 8,811.5 9,,731 10,656 ll;i506 12;;217 

4 9l)o99 10,259 11,442 12:i509 13:.389 

5 9,3~.9 10,766 12~183 13.,4~·3 11i·:i'-H3 

6 9,594 11.,253 12.,885 14,318 15,!~83 

'7 9 Q-:?4 11,,'723 13,551 15:J11}1~ 16,432 ! , ''-'..J 

8 10,070 12,175 14.9187 15:1926 rr,329 

9 10,301 12,612 14,795 16,er2 18,183 

10 10.,528 13!1035 15,3'78 17,385 18,998 
- ~ 
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APPENDIX B 

MEASURED DATA OF HEAT TRANSFE "ltATE THROUGH FI NNED PI N, PI N AND PLA.TE 

Table B-1 Measurement of Heat Transfer :.RB t eB f or Various 00 f or Finned Pin,, Se t I 

2.818 2.785 2.485 2.555 2.54 

3.925 3. 85 3.76 3.475 3.45 

v6 V7 v8 vll 

mv mv) (mv 

2.6 2.818 2.785 2.77 2.675 2.47 2. 85 

3.52 3.925 3.85 3.775 3.64 3.31 3. 9 

4 • 54 5 • l 0 5 • 005 4 • 85 7 4 • . 75 4 • 2 5 • 04 

2. 727 150 72 78 
3.698 189 72 117 

4.73 230 73 157 

v I 

50 3.25 

65 4.25 

80 , 5.17 5.12 

6 .94 

9.44 

5.005 4.328 4.46 4.44 

6.775 5.82 5.99 5.95 
9.28 7.87 8.125 8 .07 

6.105 6.94 6.775 6.48 6.27 5.525 6 . 8 

8.283 9.44 9.28 8.G57 8.432 7.3 9.2 

6 .364 290 76 214 100 6 .23 

8.615 69 76 29 120 7.74 

Table B-2 Measurement o Heat Trnnsf'er Rates f or Various 00 f or Finned Pin, Set II 

vl V2 V3 V4 V5 v6 v V9 V10 V11 V12 vm to ta I 

mv mv ( r.1v ,;v ) r:.v mv) (cw) (mv) mv) (mv F F 

w Q 

Watts) 

162.5 554 

276 941 
414 1412 

623 2123 

170 

w Q· 

Btu hr) 
l. 98 - 1.955 . 1. 3r 1.85 1. 45 l. 85 1. 9 1.884 l.97 1.9 1. 805 1.994 l.897 116 72 

2. 89 2. 838 2.607 2. 615 2. 615 2. 625 2.83 2. 77 2. &45 2.772 2.532 2.905 2.725 . 150 73 

3.53 3.455 3.144 3.15 3.15 3.17 3.455 3.220 3.435 3.28 3. 015 3.526 3.295 174 73 
4.31 4.205 3.786 3.79 3.795 3.816 4.2 3. 91 4.1: 3.9G 3.61 4.275 3.985 200 72 

5.22 5 .08 4.55 4.55 4.56 4.588 5.01 4,775 4.9S4 4.745 4.287 5.145 4. 874 235 74 
6.228 6 .068 5.413 5.405 5.415 5.46 6.068 5. 632 5.955 5. 665 5. 005 6 .15 5.705 265 76 

7 .35 1.129 6 .33 6. 324 6 .324 6 .385 1.11 6 .58 6.937 r .co2 5.785 1.19 6 .67 297 76 
8. 455 8 .245 7.23 7 .249 7.24 7 .296 8 .1 7.81 7.94 7.555 6 .605 8.25 7 .656 336 76 

44 34.2 2.242 83 

9.325 9.1 1.96 1 .96 1.96 a .025 8 .61 a ~ a.69 a .26 s .11 .065 8.411 

77 50 3.315 165.8 
101 60 

1218 71 
161 80 

189 90 
223 100 

260 110 

120 

3.935 236.1 804 
4.59 326 1110 

5 .19 
5.85 
6 .55 
7.14 
7.66 

415.2 1415 

526.5 1795 
655 2230 

784 2670 
920 1 4 
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Table B-3. l·lcasurcn,cnt of Heat Transfer for Various Q for Finned Pin, Set III 
0 

vl V2 V3 V4 V5 v6 V7 
i.:v r::v li:V r::v mv r.:v l:'.V 

2.292 2.28 2.138 2.155 2.15 2.128 2.28 

2.91 2.88 2.G5 2.67 2.66 2.655 2.87 

3.55 3.52 3.20 3.22 3.215 3.2 3.52 
4.31 4.264 3.828 3.845 3.84 3.828 4.26 

5.15 5.098 4.525 4.548 4.532 4.525 5.09 

6.115 6.037 5.328 5.35 5.34 5.334 G.03 

7.19 7.025 G.138 6.192 6.18 6.165 7.02 

VB 
mv 

V9 
r:.v 

VlO Vll 
(mv) (rr:v) 

2.305 2.3 2.221 2.1 

2. 911 2. 886 2. 76 2. 58 

3 .565 3 .51 3 .345 3 .09 

4.315 4.231 4.oo 3.66 

5.176 5.04 4.75 4.294 

6.127 5.956 5.594 5.00 

7 .106 6.916 6.466 5.r( 

v v 12 m 
r.:v) ( r.:v 

t 
0 

F) (F 

2.315 2.222 130 80 

2.915 2.779 153 80 

3.05 3.374 177 80 
4.278 4.055 201 80 

5.095 4.819 233 30 
G.013 5.686 265 80 

C.995 G.591 290 Gl 

0 

(P) (Volte) (Ar.10.) {1.'atts 

50 35 2.43 85.1 
73 45 3.044 13G.8 

97 55 3.495 192.3 
121 65.5 4.38 287 

153 75 5.04 378.2 
185 85 5.71 4D6 

217 95 6.38 Go7 

Btu/hr 

290.4 
4G'( 

G5G 
980 

1290 

1G59 
2070 

8.2G 8.16 7.09 7.146 7.124 7.115 8.12 8.23 7.98 7.45 6.50~ C.0C5 7.604 334 Dl 253 105 7.0 735 2510 

9.54 9.431 8.173 8.23 8.203 8.192 9.41 9.5 9.152 8.57 7 .43 0.3 S. 7C1 374 82 292 115 7 .GS 88!~ 30?_0_ 

Table B-4. Mcasurer.cnt of Heat Transt'e:P ~or- Various ~ 0 for Finned ?in, Set IV 

v1 V2 V3 v4 V5 v6 Vr( Vg V9 V10 vll 

(r .. v) (t:v) (r.v) (r..v) (r..v) (r:.v) (Lv) __ js\T_) _ _!.t11v) (mv) (::w) 

v 
12 

(IV) 

2.287 2.274 2.115 2.139 2.13G 2.13 2.27 2.28 2.289 2.208 2.0G5 2.305 
2.899 2.872 2.C35 2.G58 2.G52 2.G44 2.G7 2.885 2.88 2.755 2.5GS 2.9 

3.595 3.565 3.22 3.255 3.251 3.24 3.5G 3.53 3.55 3.38 3.114 3.59 
4.418 4.373 3.9 3.943 3.939 3.928 4.37 4.346 4.328 4.1 3.73 4.3~4 

5.194 5.14 4.53 4.589 4.584 4.57 5.13 5.129 5.087 4.795 4.31 5.155 
6.1 6.017 5.27 5.34 5.333 5.31G G.oo G.007 5.946 5.585 4.9C3 G.017 
7.06 6.962 G.0C5 G.12G 6.11G G.11 G.92 G.956 6.84 6.409 5.G4 C.925 

8.317 G.2G7 7.29 7.259 7.224 7.23 8.2G 8.24 8.06 7.56 C.59 8.1S5 

J.712 9.589 2.435 8.38E J.37 8.347 9.58 9.57 9.297 8.744 7.576 9.41 

v ~ - - -T- ~--g- ----y- I l.' r~ 

r., o a o 
r.:v) (F) (1?) (Ii') (Volts) (Ar::p.) (~fatts) (Btu/hr 

2.21 129 80 49 35 2.42 84.6 288.G 

2.7G8 152 .Sl 71 45 3.1 13'J.4 4'(G 

3.404 173 81 97 55 3.745 206 ~(02 .5 

4.146 207 82 125 GG 4.445 293 1000 

4.851 234 C2 152 76 5.0~4 3G2.4 1305 
5.G58 264 G2 1C2 85 ~.7 485 1C55 
G.511 295 Go 215 95 G.35 Go2.5 20~4 

7.714 338 84 2§4 104 7.04 732.5 2500 
8.92 Go 36 7.7 870 2970 



Table B-5. f':Icasur~.;r. , e nt of He at Transfer f or Various 80 f or Plain Pin) Se t I 

v2 v3 v4 v5 VG v7 v8 v9 v10 v11 v12 vm t 0 ta a0 V I W Q 

( mv ) C . v ) ( 1.. v_:._) _~(_r.: v__.) __ (&..-r.:_v ..._.) _,...:...( r._.: v_;...)~--"(_1:i v--1).___(~t_.v.:-) __ (_m v_) __ ( t : ~ yl__----=(:...-r:._v )=--_--..!....( ;;_.:_t v~) -...!...( _.;F )~~(--...!.~ )__.:...( ~)~(V.:....::o:...::1-=-t ~s )~(~A n:.:.:.:1P::...:·_t_) ~( i ..:...:·J a:...::t...::.:t s~)~( B~t~u".L/~h r~)1 
2.245 2.27 2.12 2.137 2.137 2.28 2.292 2.27 2.12 

3.27 3.315 3.035 3.05 3.06 3.33 3.35 3.327 3.03 

2.14 2.146 2.23 2.199 129 74 55 35 2.273 79.5 272 

4.49 4.55 4.1 4.145 4.145 4.575 4. G12 4.57 4.1 

3.06 3. 07 3. 23 

4.16 4.167 4.41 
3.177 169 72 97 

4.335 215 72 143 940 
5.9 5.98 5.336 5.388 5 .388 6.002 6 .056 5.997 5.318 5 .396 5.396 5. 745 5. 657 264 70 194 

7.78 7.908 6 .7G4 7.066 7.066 7.95 8.005 7.945 6.955 7.1 7.08 7.575 7.432 328 71 257 

50 3.291 164. 6 

65 4.23 275 
80 5.05 404 

95 6. 01+ 575 

1380 
2000 

8 . 864 9.005 7.595 8 .025 8 .015 9.053 9.11 9 .04 · 7.91 8 . 04~----~.:_ .Q}.: ____ _§ .582_ ___ ~~38 3G3 71 291 105 6.62 693 2370 

Table B-6 . Measurement of' Heat Transfe r f or Va r·ious 9 0 o :r~ Plain Pin, Se t II 

---------·-------::----r---:r::---:;:i;:----~----,.-----r..------=---. 

V1 V2 V3 v4 V5 v6 V7 Vg v9 v v v v t t 0 v I w Q 10 11 12 m o a o 
1 
~<_r., v__,) __ (::t-._i.~_v ~) _ _,._( i._: v....:.-) __ ( 1_~, v~)--..J(_.: v---:):..__(it..-r;:...:....v ~) _...1-( r._r_ v~) ._...i.( i_r_, v:._.t.)_· ~<.,;_;,mv.;;..J.):;,...._____..( r.---':. v ) ___ ( 1:; v ) __ _j..!:::.Y_:.......) -~( r1_:v~) -~( :_..:.17 )_..!.__( I·_~)---!-.( F-L..) ~(V::_::o:..=.l.::..:t s:...!J-i( A~m.:.:.E: P:....:..· L) (~~·~·~a..::..:t t~s:..L) ~( B~t~u :,_'..;h~r..LJ) 

2.035 2.06 1. 955 

2.705 2. 745 2.57 

3.25 3.3 3.05 
4.079 4.138 3.788 

5.18 5.26 4. 785 

6 .22· 6 .323 5.71 

1 1 5 2 0 0 r 6 4 1 . 96 '{ • 955 • 9 5 • 7 2. ,. 5 2. 0 1. 9 5 

2.5G4 2.564 2. 75 2.766 2.74 2.541 2 .58 

3.038 3. 043 3.312 3.33 3.3 3.0 3.06 

3.774 3.774 4.15 4.175 4.135 3.725 3. 804 

4.764 4.768 5.273 5.312 5.259 4.695 4.8 
5.G92 5. G92 6 .345 6 .382 6 .32 5.59 5. 74 

l. 9B5 
2 . 60·7 

3.095 

4 P, <4 .JO 

5 .815 

7.44 7.605 6. 861 6 . 82 

8.46 8 .643 7.44 7.7 

9.726 9.977 8 . 732 8. 866 

6 . 814 7. 647 7. 68 7. G 

7. 695 8.677 8 . 715 8 . 63 
8 . G53 io.023 19.0 9. 946 

6.869 6 . 9G 

7. 't72 'T. 8G3 

8.935 9.05 
~--~----

2. 03 
2~ 686 

3.2 1 

l~ • 0 

5 .075 
G.078 

1 .286 
8 .26 

2.001 121 76 45 30 1.975 59.25 202 

2.651 148 75 73 40 2. 645 105.8 361 

3.166 168 73 95 50 3.235 161. 8 552 

3. 949 199 74 125 60 3. 825 229.5 783 
5 .002 239 76 163 70. 4.48 313. 6 1070 
5.992 276 76 200 80 5.13 410.4 1404 
1.188 319 75 244 go 5.82 523.8 i 790 

8.177 352 76 276 100 6 .34 634 2170 

9 .5 __ ~9;~·-2~7_6_._;3~9_2__:7~9--.!3~1~3~~· 1~0~9___...;6~·~8~6~7~4~9~~2~5~5~5:.____J 



/ 

Table B-7. Measurement of Heat 

r.1v 

2. 635 2.673 2. 507 2.52 2. 52 

3.195 3.244 2.996 3.01 3.01 

4.065 4.131 3.763 3.79 3.79 

~. 68 2. 687 

3.251 3.263 

4.14 4.159 

5.041 5.135 4. 606 4. 661 4. 653 5.138 5.16 

6.128 6.24 5.6 5.633 5. 618 6 .25 6 .27 6 .21 

7.125 7.265 6 .475 6.537 6 . 52 7.285 7 .31 7.~37 

8.215 8.381 7.438 7.505 7.483 8.416 8.442 8 .355 

9.798 10.006 8. 832 8.916 8 .869 10.055 10.07 9.96 . 

.11.595 10.161 10.292 10.24 11.656 ll. 656 

Table B-8 . Measurement 

80 fo r Plain Pin, Se t III 

V11 vl2 vm ·to ta Qo V I W 
-.+--___,____(~: i~ __ J nv ) ___ ( . v ) ( F ( F ) F )(Vo 1 ts (Amp • ) Watt s 

2 .555 2 .622 2.592 145 83 62 36 2.398 86 

.034 3.07 3.166 3.122 167 81 86 45 2.95 132.6 

3. 875 4.012 \3.952 199 84 115 56 3. 63 203.5 

4. 769 4.96 4. 878 235 84 151 66 4.33 286 

5. 759 6 .003 5.889 . 273 84 189 75 4.95 371.5 

6 .686 6 . 984 6 .868 308 84 224 85 5.542 472 

7. 684 8 .044 7.906 · 344 83 261 95 6.19 588 

9.122 9.567 9.407 396 84 312 104~2 · 6.84 712 

11.062 10.875 445 84 361 115 . 7.52 864 

tor Vart ous 80 f or Plain Pin , Set rV' 

Q 

h;r) 

294 

454 

695 
980 

1270 

1610 . 

2010 

2435 
295;.._._0 _ __. 

v1 v2 v4 v
5 

v6 v
7 

v8 v
11 

--v
1
-
2
---vm t

0 
t a 9

0 
. V I W Q 

1
n_w ____ ~-----:;._---'------l'--r.._v..t----a..._mv~):.___--1.,:.m.:.:....::1 v-!..)--l..:.:.:~.:...L--~~~_.!.:.:~-~(_;__! w~) _ (: .!V ) ( mv ) ( F) ( F) ( F) (Vo 1 ts )(Amp . )( lat t .s ) {Bt u/hr) 

~ 2.4 8 2.507 2.355 2.365 2.365 2.514 2.52 2.505 

3.131 3.177 2. 935 2.953 2.953 3.182 3.196 3.171 

4.019 4.085 3. 735 3. 755 3.755 4.092 4.11 4.015 

4.927 5.014 4. 6 4.545 4.517 5 .002 5.03 4.981 

5.917 6.03 5.384 5.44 5.426 6.039 6 .064 6 .006 

7.02 7 .155 6 .347 6 .415 6 .386 7.161 7.19 7 .12 

8.35 8 .52 7 .505 7.6 7 .569 8.54 8 .567 8 .478 
10.28 10.5 9 .234 9. 4 

2 . 402 2 .46 3 2.434 139 80 59 35 2.33 81 .5 279 

3. 01 3 . 102 3.059 164 82 82 44.5 2.9 129 441 

3 . CJ 2 3 . 966 3. 91 198 82· 116 55 3 .603 198 678 

4 .. G 5 lJ . • 8 3 lL 7 6 !~ -2 31 82 14 9 66 4 • 2 7 5 2 82 96 5 

5.566 5 . 802 

6 .567 G.859 
5 .709 266 82 184 75 4. 885 366 

6 .75 304 82 222 84.8 5.49 465 
1250 

1588 
7 .795 8 . 16 8 .017 348 82 266 96 6 .24 600 2050 

......,_ __ ._9 . 5~ 4 10 .029 9.864 411 85 ·j26 108 7.05 760 .2600 

I 



Table B-9. Measurement 

v1 _ v2 v3 v4 v5 v6 v7 v8 
- ( mv mv mv) mv mv 

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 4.096 4.022 3.886 3.954 
.. 

4.994 5.025 5.026 5.024 4.912 4.745 4.82 
6.72 6.825 6.798 6.831 6.625 6.365 6.505 
8.098 8.219 8.189 8.2 7.965 1.638 7.82 

9.545 9.722 9.651 9.665 9.44 8.98 9.205 

11.141 11.282 11.1 11.224 10. 10~411 

7.72 

Table B-10. Measurement of Heat 

v1 v2 v3 v4 v5 v6 v7 v8 
mv mv mv mv mv ) mv ) mv ) mv 

2.515 2.53 2.529 2.529 2.49 2.43 2.455 2.447 
3.1 3.135 3.135 3.134 3.07 2.996 3.036 3.033 
4.14 4.171 4.166 4.17 4.081 3.948 4.012 3,978 . 
5.14 5.19 5.169 5.184 5.037 4.878 4.966 4.914 
6.395 6.492 6.484 6.474 6.311 6.057 6.191 6.116 

7.68 7.76 7.71 7.729 7.545 7.205 7.37 7.296 
8.861 9.005 8.945 8.945 8.737 8.376 8.55 _8.465 

10.18 10. 10.278 10.294 10.012 . 9.66 

9 .268 

90 f or Plate , Set I 

v v v t t ·:"- .-.. 8 I v I \J Q 11 12 m o a· o 
( .. v ) ~j v ) (. v )" ( F) ( F ) { F ) (Vo 1 ts ) (Amp . ) (' I at t s ) (Bt u/ hr) 

2 .1 2 . 024 2.063 123 80 43 10.2 1.59~ 16. 21 55.48 
3 .325 3 . 146 3.216 170 81 89 15.4 2.42 37.2 127 

4 . 141 3 .884 4.025 202 81 121 18 2.892 52 

5 .07 4 .73 4. 922 237 81 156 22 3.395 74. 8 

6.88 6 .37 6 .65 300 82 218 27.2 4.16 113.4 

8.285 7.645 7. 997 348 Bi 267 32.6 4. 74 154. 6 
9.76 8 , 97 9 .344 394 81 313 36 

10. 388 10. 861~ !(45 81 . 364 40 

5.29 190 

5, 95 238 

. 177 .6 

255. 5 

387 .5 
529 

650 
814 

f or Various 90 f or Plat e, Se t II 

2 .465 2 . 54 ·2 . 425 2 .493 141 81 60 11. 8 1. 866 22 75 . 2 

3.044 3. 16 3.0 3. 085 165 81 84 15.0 2.375 35. 6 121. 9 

·4. 022 . 4. 2 3, 94 ( 4.087 205 81 124 18.4 2. 875 52 . 9 181 

4 . 997 5 .225 4 ~ 872 5 .068 242 81 161 21. 6 3.339 72 .1 246 .5 

6 . 535 6 .05 6 .325 288 80 208 . 26.3 4.036 106 361. 8 

7 , 789 7 .2 7.543 332 80 252 29.8 4.5 134 458 

9 .07 8 .336 8 .817 376 80 296 34 5.078 172.6 590 
9 .55 10.04 417 82 .66 215 7 4 



Table B-11 Measurement o f Heat Transfer 

r·7 'j 

f or Various Q 
0 or Plate~ Set III 

· v v2 v
3 

v4 v5 v6 v7 v8 v 
l . 9 . v t t g v I w Q m o a o 

(mv) (mv) (mv) ( .iv) (mv) (mv) (mv) (mv) (mv) (r,1 v) (_) (P) (F)(Volt s )(Arii p .){'tatt s ) (Btu/hr) 

1.96 1.977 1.977 1.985 1.95 1.913 1.927 1.92 1.992 1. 94 1. 99 1. 915 1. 954 119 79 40 10 

2.947 2.985 2.975 2.98 2.924 2.85 2.88 2.868 3.015 2. 895 3. 0 2 . 845 2. 93 159 80 79 14 
1.505 15 .05 51.4 

2.19 30. 66 104.7 
3.972 4.029 4.02 4.02 4.025 3.94 3.814 3.87 4.075 
5.01 5.126 5.11 5.125 5.0 4.83 4.906 4.832 5.184 

6.168 6.25 6.225 6.225 6.065 5.859 5.957 5.909 6.311 
7.24 7.367 7.329 7.349 7.16 6.868 7.?23 6~932 7.46 

8.87 8.976 8.926 8.953 8.713 8.328 8.517 8.45 9.075 

0.547 10.71 10. 64 l0.685 l0.36 9.924 10.15 10.03 10.82 

3. 892 4.054 3. 805 3. 96 200 79 121 18 2. 815 50.7 

4. J35 5 .165 4. 807 5.008 240 7G 1G2 22 3.365 74 

5. 997 6 .29 5 . 835 6 .091 280 7S 202 25 .8 3, 94 101. 6 

7 .06 7.432 6 . 871 7 .174 31 9 78 241 29.4 4.465 131 .3 

8. 584 9 . 035 8 ~31 8 . 728 373 81 292 34 5. 09 173 

10!g 24 10 . 77§~375_ 10.3 95 42 9 82. 347 38.5 2. 86 225. 9 

Table B-12 Measurement of Heat Tra.ns re~ _,_ o Varai ou s go .Co:r Plate ) Set IV 

l'l3 

252 .8 

346 . 8 

771 

_v_l _____ v_2~---v~3--~~v4~~~v~5~~~v~6--~~v~7~-:-::v-8----~v~9---'v'1-o~--;;vr-11~~v~1-2~-7.v-Ll~--~to~~ta~~9~0~---...v~--~r~---,~v:~~-~f·~----

~< m_v_..:.)_......:(_mv--J)..___(~ri--_· v..:......) _.....z...,( m_. v...::...)---"-(_mv_....)_-..:( __ m_v.___ ) ____ ( rr_. v ___ ) __ ( m_v __ ) __ C.__mv_L-4 ··iv ) C. v J . { r. :v ) ('.: v ) ( F ) ( J. ) ( F )(v o 1 t s ) (Amp • ) (lr at t s ) Btu hr 

2.076 2.085 2.084 2.084 2.05 2.01 2.026 2.02 2.1 . ' ~. 036 2. 0 ~4 2 . 008 2 .056 

2.902 2. 945 2. 933 2. 93 2.881 2.796 2. 831 2.815 2.965 2. 84 '7 2 . 95 2 . 795 2. 883 
3. 8 3. 836 3. 35 3. 83 3.737 3.635 3.68 3.661 3. 871 3. r, 93 3. 855 3. 61G 3. 754 

123 76 47 10 1.466 14. 66 

81 14.2 2.12 ' 30.1 
1 92 78 11~· 18 

5.02 5.085 5.067 5.08 4. 944 4.769 4.856 4.162 5.136 4. 89 5 . 108 

6 .165 6.26 6 .211 6.228 6.07 5.848 5. 955 5.89 6 .319 G. o 6 .29 

7.565 7.678 7. 642 7.649 7.455 1.159 7.304 7 .234 7 .771 7.349 7 .73 
8.805 8.957 8.895 8.91 8. 69 8.312 8.483 8.4 8 .. 5·29 9.009 

4 . '77 

·7 .116 

8 .2'84 

4. 957 230 78 160 22 3.33 73.25 
6 . 089 280 78 202 25.8 3.895 l00.5 

7 .4 71 329 77 252 31 4.58 142 
I 

8. 693 372 78 294 34 5.03 171.2 

50.03 

102 .7 

169 .6 

250 

343 
485 

584 
10.16 10.311 10.277 10.27 10.005 9.563 9. 77 9 . 67 9 . 8~ .1 q__~G6 9.52 10.0ll} 416 79 3~_7__3.8 5.6 213 726 . 

~--~~--~~~-=-=-~__J 

I 



Numerous types ot extended surfaces have been used in 

tlle past but those with finned pins have proved to be 
un.:tque in increasing the rate or heat transfer.. Hsieh 
working on tbe or-lginal idea ot professor Hsu proved that 

heat transfer rate can be further increased by putting 
annular fins on a pin. 

In this thesis the design ot finned pin was opt1mized 
to gi.ve maximum heat transfer rate f1~m a givezi primary 

surf'ace, and an experimental :tnves'bigation was conduo.ted to 
verify the :fesulJGG o 

1. ~heoretical Investigation consists of: 
(1) Repr0d.uction of' mathematical equ.atione for pin 

and tinned pin~ 
(2) Study ot heat t.ransfer characteristics of p:tn and 

.finned pin. 

(S) Optimization of ti.'le design of pin and fitm.ed pin. 

{4) $ample calculat:ions ot heat flow rate :ror pin and 

finned pin. 

2. E:xpei."'imental investigation consists of: 

(1) construction o:r f:tmed pin, pin and primai-iy 

surfaces. 

(2) Set-up ot experimental equipment .. 



(3) Comparison of heat flow rate f'or finned pin} pin 
and plate. 

3. Conclusions: The conclti.s:tons wex>e based on tile 

comparison of finned pin. and pin. The heat transfer 
rate from 8" x l~~n surface was :1.ncreased by employing 

finned pin. The rna.Ximum increase was 36%. 
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