
I P
ll
~i
Ii
 ;

;<
j'ru

rp
'.t 

~ 
t 

lw
m

 H
jtH

if 
f 

Il
 ,<

,t 
~i
'!
i~
}!
. 
t
r

~ 
<

 
<
[
' 
tr

t 
q,

 \<
~f

 ~ 
, 

! 
H!

m~
l~

ii
iH

i{
;!f

! I
" 

i M
lir

, I
't[

flh
 

ta
g 

f 
L 

.. i
"
"
4

, 
,t!

. 
'f

ti
jk

l 
tf

ift
tH

fh
,<

f\
 
rd

 ~
< 

• 
'".

 U
!lh

hl
 

it 
~ 

f-lc
 o

k!
 I

 
H

trh
 

! ~ 
f;

~ 
[ 

Htr
n~~

~li
tl 

J 
i~n

li~
 *~

rh
t 

i!H
 f ~

~ ~
 

w
"
I
~
1
 d

' 
~ 

1tt
 tl.

 w
,
~
 

'i
~ 

~ 
~~

 
• 

tH~
!fl

!!;
rl~

 
tt 

hf
'H

 ~\
H~
d 

II ~
 \" 

~~ 
j 

'l-
l{

,' 
i'i 

t 
p

.
' 

.
l
i
 
't

 
i 

-
1

--
,. 

~I
l!~

uu!
!: 

h 
[H

itB
 5

mt
~! 

f 
'F 

t 
~~ 

~ 
-

, ..
 

H
h

f 
!\

, 
I,

}
C

 
r l

 ~ 
§a

 
-

r
1

t.
il

ii
 

!
:
(
 ...

.. ~
tr

['
 

l
fq

: 
~
i
 

~~
{i

 j!
H

i 
h H

Hr
~m
t'
f\
n~
) 

t 
• 

u.
~~
U!
lU
 

I 
[m

m
 ~

tt
il

i~
f ~

 
~ 



1. 1.'<Tlll00IJC1l0l'I 

""""- • ....... __ , ........ eha<x,.riu •• ..,... .. ionoI _ .. """"' ... 
............ '- .",,1Mp oppIk .. i<>rIo .......... .,.... _ !low ..-__ 

:~..,..:to~~~"'~~ -":'1::: 1-1";, : .. 



Mormac> Efil~'" 1ovIwI. ' MEI). VOL 27. No. 1. J.,.., 2OO1. " " 

l. txPF,JU .... £NTAJ.. TtSTIOC 

A 0<IIemni< 4'*11 .... 0' .11.0.;: .; 01 .... "' ;, _OIl .. lit ... (I .. ~ ,.1IiI< IIG= 
('·~l """ •• _at ........ .,..... TI>o .... ria" bosi<all)' ... """'_ lbw pipe.,..,.", 
00IBi<n of • II'Vllkl_110>. ... _ .. ~ (6~ • ..:1 boU """"h C!It.-o _ .... ()). Air 
;. d",,,,,, by"'" _ ~ "'" 1001 _Lillo -. _., ... """vIcIod wat. fino "',..., (2), 
to I~ 0Mil1or piP< ...... _ TIlt blown "";"0 ;,..,.,.,.". .. to ~ , .. -.kHo .lrooJfIo • 
""",bI< <o~ .... (9) ID iooiol. bIo .... _ibn ..... iO .-,.....,.w;" ..... \010> ... , ..... .,~.o 
"'" "''' _ ..... (6). n.: bd _tb .... ......,.~or __ . Iy 5(lIij. ·k"""'" 
'n>1rtS MI)- _ped IIow" ltIo ... _10 ... Tho \010>,. .. d ...... " .. U •• iI PI'" _4 .. iIh • 
_arlO.i< .... .." ( 11 ) to ........ l tIM fIirO:rA' ,'''''''''' ,tie I)1'I<m. 

~ 
of ,no 

, 
I. _ iO ... oII\dII 11'11 IInl loti 10 tho wm>i.OlI!iI&. liI .. ~~IlI.f ll'llrmOOI1.tp1l's ",f 

.... __ I .. , .... -' _100 wilb 10. 9', I! O>.O<! ~l .... 'ot!&;'''''I/IOl d. '''''' .. 

.tom til< ~ ...... of , ...... , .. ,. bo .... h;,o_-.oa • p<i1>"""'~'" "(. !· bo1 ...... n <"'~ 



M. 10 """"'"" A. $ulun. L H. RlIlIoe ..sY.E. Abdd-Gwflor 

oWn. EU~co.iouorl_ lb .. m [luFt ............. diocan<:a of1O ..... ond 90 ..... 
hao 1M IIIIIIc ", .. ,110 ... 

,--1· ... __ 
J.Io ... -. --!.a1~_ ... ---'k~ 

, ,-. 
II ... , ....... 
II. , , ... 
IJ, , , --10·1 __ ..... 

I~ .... ~_-
I~""-
11~_. 

II • • --,_--,..... 
liI M .... '"..,. 
II_r_ ..... 
U..-t._. 
»_ •. -
J.f.p._1 , 
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T .blt (I ) Cb, ,",,<lubdo;, or I~. Cyc~< 
div.r&iD'.<OD~e,",in g AD DU ~ 

c ." ," '. ~ 
~ ~ 

3.67 6'38 23" 4' " " 1.80 .oj 14' 22 " " '. 00 10' 22" 10' 22 " " 056 14' 22 8"'05' " " 

Co 
~ 

" " " " 

M. 21 

0.27 23' 4 6' 38' " " " 1'""." (2) C .... , ruct ..... f div<" •• '_ 
"' . .. " ... , .. , I«,i • • 
(fou, of 'li<m i. >eries) 

TIl< "ol""",,,ic hydr.mlic diam<t" i, defin<d ... four the ~Iwne for Dc ", di.i&d by ,I>< 
",·clted .urfitcc area. For constat,t a"d "ariable cro .. section area annular tube ... it can be 
""ieula,ed II> follows (see Append;'" A): 

,., 
Based On u.. hy<\r.>ulic di.vrrt.r oftN- COR$IM' croU section ore. annul"" ,he R<yookU 

number oM Nusselt numbe, of tile t ... o he.ting """'" (Ik.) .(1-.' ..... ;) and (N",-.) may be 
c.ieulA,ed frQm the following H'Ia,iQIt$: 

Re = u,Dh, , , 

Nu ,J -
_'",.0".', •. 

) 

'" 
'" 

W'here ho.. and 1\, .. ",e the neat " "",fe, coefficienlS besed on the iaside diam<\erof the 
constanl cro .. <cct;"n 81<:3. anntJ lus he.ted from in<id. oM ou"ide re<pteti .... ly an:;! .r< 
cak ulated as fo Uo ... ., 

. Q 
It"., - A"Jtl.T)~ . 

- Q 
It" .. - A. .. ( tl.T J .. PC 

\\1)" ... : 

Q - I · Vcos ,p - IY (»"'erf.?-O) '" A"., - 4.Jr .d. L", . A" .• ~ 4.11 0 L", '" 



• 
~ (T • • ) 

, . 0 •• ",_ . - , (II ) 

AIK>. III< m ... &.:10< of ""nil,,' 'ro" _.,~ .................. (t) ...,. b< <>i<uIootd,.... "'" roGo..q 1Ioanit"",: 

1111 

~. E (D' -(do' ~d"i' d.' ,ill ( 11) 

n.u. tho k<1"IC1d. ~ !Or ,,,. .orUIo ...... ........... _lor ,obt>, R<~ _ 
".~ ,ho i'I)'<IrNlk dlllmC,er (OIJ,) and 111< .... _ odooily u, is: 

It _.011. 
" a--;-

h"Dh. No. , _ _, _ 

I •• U>l'DJt. 

4L.:,11". ' 

'" •• ( " .. ~ d.{ J,oIo -II,? • H", Z • Jr do - "/T . 4£/ j. 
...... .40, 

I . R£SULTS AND DISCUSSION 

IU) 

( 16) 

( I J) 

I. orort .. ...roy .... ""~ of,h< .. ~ .... _ ... tho _.~Iloo",,_ 
........... ""'" .. _ ...... d "'"'" tilt . ...... Il10 ...... Io,iono. f"'''''' 60;: ......... """" 
"' ___ .. "- of "'" ~"' .. flwI ....... , ... de .... · J ..... I100_"""" 
....;.", __ ~ _ dIIln_ ~ .. lio~ t • • di!'JInroo d,-'" ....... , J<III qh 
(" .... P) 



M U 

4., C_u. A.fa A ••• Io'T ..... 
0... 10 tho shotIqo in .ho: .vallI. u !'¢.imen,.1 da,. iI. ,he 110 .... in ....... Ill dOCll. Ow 

GIN' ",,,.AI , ........ of tho ""on fOClo, .. ~ co~ w'och ,ho rom:lalion "" ... Ioped b)' 
Itobrn (1~) i'C< ~ 1/ ... It. "'" of tho hydJIUI)c diomo' tI Of IMConI'lIl' croSi 
...:1I00I lin _~ ill eo..."n1Orl ... "h any pip<: flo ... ..,Lot;"" will lead to IoCturale .nulll fo. 
Ik t'ltt"'" I'K1Of "f,ho now llvau", ........ 1Ir dlltll. 

The frlCt_ ....... iI. ,he insidly 1'n1«1 ........ Iui ard,hooutSOllyhalo<! Onoof,n. 
IIIfbulml 110 .. in Iho c-... (2'OSI * '1On Itt'l ...... "" Itt' plotted in Ili"" OJ ~ISU' ,he 
Rtynolds !IIUftIn ...... w1Ih "'" dM.o of M iller (1971). The 1\&"", """"'~ tho< tho . 1Cp<"",. .... 1 
hI .... 110<10< yaJuct .... WI fOOd ..... _1 ... itII ,,,,* caIo"~«Ilio", MiIk'r'$ (o""Io,;,n in 
t!Ic coroodrflDll ..... of IttynDI.:h """""". Tho 6iI;:,..., fIeta. of ' '''' ........ .., .. udy ""'Y Ix 
co .... -.d "lIh Rc. .. 

I. . O.)URf .... m ( (9) 

.. the .... } I~dtt d~ d.hl(f "'''''. ~d de.wion ors~. 

'~rr:.:::=~~ ._-
"'" . _ ........ 
• !:. - ~1"~1 

.I , 
• • 

1 
• ,.,I-:.--",-, .. ,i. ____ ,. __ --..,:, •• 

... - •• -(11 ... · ' .. ) 
Fir· 0 ) C_",I,.. t<tt_ ,. ", .. , '" 
!'i_sui' U_ , /f'iIJ lit , • • u-.... , ., .. 
__ III,. ",/It Ii,,,. f/ Cll dl • • U( Ul6j. 

To lho • ...mr·. In<>wI<de<. thon ;. "" cond.,oon"" ..,1II'a I'fus./llnd Ikynolch 
........ br """"Ius.. 8u,. 0 .... catI ..... &ny .,".iIabIo ..... "'" ..... dottcnbts ,ho 'N'OOft 
beI ..... n ~ N ...... _ R~ IUnbt<s IO. cimllor IUb.: ....... lho mukopben 
10.16(<1,10) 0''') and [f .(l.I4(dJ'D'~1 ouqe>ted by F'tIo"-"'" n .. (1964) lOr ........ 'ub .. 
heoled from inside and 0UUId0 .....,.aMI)'. In w,.~. tho hyd.llIli< d;.",.,l .. o('ho 
MI'tSI ........................ br -.I ~ of ,..t>e diomo, ••. 

Fic'" (4) pKtttlIl tho ~I of .... lou, "l1li10, 1'0, ,ho """" .... <IOU 1«'10., .,.u 
........... " rclali<Jn b<1Wftft tbe N ............ R.ynoIcI ..... mbttJ <ornptI<ed .. i,h ,hodlu of 
GRit ... ; (1976) Iller ...... "'" ..... oe ....... ....,.$0 IU""" ...... trom ,.....(4 ~ ,ho upn .... 'ul 
da.1I oflll"",,,k nurnbcn iN' ,ho,_ """"'" ~ ... in JIOOd~ w"h ,tIOS<' IUlI&t" fII 
by .... 1"""'''' r~. n.e pn:IltftI Nu ... 11 <1011_ <om;.fII with.1ot: R.ynolcb ... rrh. 
rot ,lot: firsI onJ S<C<N'd CIW$ _ h I $IIIId.oN 6cVIl'OOft ofl% .. I'0I0,,,, 

""" ", O.00I75Rt~· (20) 

n....., luesl clearly d.",o .. ",alc 'M n:habll.!y anti Iobo¥o·s lhe "-<II'IoC)" or 11M: 
expenrncnLlI t.!lIlS ..... mullS obc.~ ~· o ... 'I. 

I 



4.1 Cy<li<d ,. Di •• .pq·C • • ,,«wI_, A __ Io, T.IJ,.,. 

Tho •• .,.. .... illI ftUl of ..... IIVII • .J liClion ""'0(111< 1\Ru .... flo .. in ___ 
<1'OtI __ ........... 1\ItIn ore ~cd .. w N_k """*"" and fiietion ""0< __ 
.he It.,..... ......... Thill .. illI .. 1_ I*P'* of <01'4*0'. lilt ..... k. of C7CI~ 
tIi .. ~ .. lQOoo""", ....,.._ tum with .100. of _ ..... 0 .... t,,_ (') !hoWl lhM the rau~. of &;"1;0., flOtl"" or,IoI .~ o-.. .,."au,. 
Jo .. "' .... ...,,,......I.., .......... , ........ /I4ho,''-",-of_..--no. ___ 
n.. ...... in tit!ion !octo< , ..... hm 7510)10% 1br ... aI£MCOII ............... .. 
1.,-3.67 10 .. hit" .. j72 to 650 '110 fo, Iontlh NlIoI.A.l7. TbtO<hor_ .......... . 
fri<lio. fill:1Or In bet_ v- 1>"0 limb. 

<. .- -•• - -, '. 
, J3. .. '" • U' • " . " 
~ .. • " · " 
J'" ... · ~ ... .. . 
~ ;~ • 

•• 
•• .. ~~ '~t " " ~ oct ...... '._1 ... ·,.,) 

FI,. (I) 1',/«1 .. , ""., .... <If _" " .11. 
n _f .. .,<1''''''/ 1,_,., __ -./_, 
... u ll "II~ Ih ,,,,.,, ,.,1 .... ,.,._~ 
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ILjfbuk .. no", ""1111 and Iho.1ftcI .,f divft ......... n-amt conJigunl." .. In . be dtytlo!)lnrN 
of bo....wy .. ,.., doausn. As ....... IM n:1ft3IO '" 1ft, Itm"4I'" ~"&IOS W;I~ 1k)'l"Oldi 
n"",be, and may be dllllirmhod., c:maia Reynolds nun:\Itt ........ . 

It, . , III 10 011 
0l0J_, ...... (11'.,1 ' "') 

Fi , _ (11 'do,"" kt_ "' .... It •• _ . 

•• <1 .".N# .... Iow / .. qoll""'1 
<I'-rl., -__ ,I., ..... 11 .... ,. 
/ .... i. ,I<I./_ #1//_' , ... , •• _1.1. 

" • 
"". 110 -l • , 
1~ 
• • , • , . '~I 

• .... 
• .-• .-• -

~ 3 ~ • 
• • , 

, ... " .... { t.,) • 
F i,l. " 1 E// ..... . I" r" , .. II> _ ",.".11 
...... /_ qoll .. 111 " ' -,:1. ,_ ... ,,1. , 
.. o Ji ... ,,'" / ' . .. 1. <1#. /", "11/ .... ' 
I."..,u ... ..... 

", • 1 " , )' 1(1 
_ ....... (R ... I·' ... ) 

FI,. (f) I.d .. ;- ......... ", •• 1#1. UN" 
_<I ."-,,,, .. -. / _ qoll<Olll,

II_I., .... """.., . ... 11 ,_'" 
/ __ JU./_ ""1 g •• II •• ", ,.,'n. 

... 
• -• ,-
• ,-
• ,-
• -.::::; -

, 
l .... . . . ( t.,) • 

FI, 0'1 (f/fIH of I...,., _I . .. "'."." 
•• __ / .. 0 011 .. " <I' .. "'..,~ __ ';., 
• ••• 11 ,.fIt'" / , ... _,;<1. /_ <l11/ tr'O' '''."'<It .. _ . 



M. 16 ... 1Imed ... . SuJLln. L..H. IW>i< ..,dY.E. "'bdel·Gllaff ... 

, 
• ,. 

• • " ~ • " ~ • . ~ 
1 
l 
! 
" • 

__ , •• _(11 ... ,.,) 

F • . (lIj £1/orJl_. /_ q"j..t~ 
~(-. I ... _..,.,." ... _ ... 11 , __ 
/ ' • • ,"""~ _ ... 11.,-.1110 ......... 

' .CQNCUlSIOI'iS 

.., 
E • 
I , .. , 

, 
'" . ,. 
" 

·'''--1.--~--1''--'r-,"--'' 
...,..." ...... (It ... ...., 

FI,. (llJ £1/ «sMlr .. /_ q<lI"I~ II'-r'.,_-r'''' _ ... 11 ,_otI 
/ ... -.JH-. ••• .,.IIII1 ........... 

La 11* -" lilt .... -.for II1II tia .. "'- oflhc UIrbwIIInt IIow ~ ...w.r tubes 
h.o ... r,</kJOo ~ ....... ____ ipIcIIvd ~rd wilh Il10 .. or 



NOM t:l<CLA TUIU: 

" ..mao .... "" o __ 01""", ..... _ 

011 IJdoooli: .-.-•• 
d _01 ........ . .. 
~ __ -«"~-."" .. ' K' , _0-;. --. ...... 
k _1_ioO)'. ",,." K~ 

Dito ••• I0 ..... C .. npo 

r f ri<titoo fKo 

,,~ --
C .... kSJ._ 

, 
C 
Q , 
• • 

" b 

Ap _......... ~ 

"n Lop,;, ...... _ ..... "tr_.r_ . 
I) "'I{IOp:: ~ 

u Ioolf ........ __ ~ 

s~ .... ""'. _ ....... ____ kIo 

_. 
....... toC .. ~ 
_._ ..... '11 ....... ... _.K 
.......... Ir_iI). no(, 

...."it ........ 

--._-
............. 

~-~ · -... ... ... ~ 

"" 

• • • , '"' • Crdioo'I)I~,,, ... _ 
di>erttot pon ~ "''''011, ....... 

IU:f'tUNCU 

..... ie!. f. F.o 10001>. • Con"c"i"" 11",1 T<anof .. ItId Fhrid Flow .. Tuboo wiIIo ~ 
Jlod r ......... ". Proc. Of lIUt!$ou" l~ 1,,,.,,,.l0<III ~ .... Co~ f ...... ~ of 
En,..,. ... OII!. Moo"OUr>. Uni ...... ,y."W"Oun. £eypc. ApnI, YooI 1. PI'< 2J,)·2.l 

-. f f. Awrd,,.,. ~l.~ EI-IUdil. .... '" 1tIJ, -li<aT'-_H~ 
1bIoioo ...... ill C~"'s Plate ..... u.:honpr 1)90 O' ............ C"'OK ...... s..rw .. ". 
ASME. JSME. no....I EIli .... ,;". JoIl1! C..,..,.....-, P'r'O<-:liop. Vol J. pp 4)1","1 
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Subttitutin. kor L fRNn!he *"t ~Iion. _ ~1. 

V,-1d.Jtl/ ...t,'.d.tI.}If 1 
la the ... -1 the d~,... -olum< eM be cakulal<d .. 

",-... 4 ' .",/ *d.!/rJll1 

Tho lo"l1hofthe -..1711 diwrttnl CI .... ...,. be ott.. Lt,.t.....~ 

The !alai ""lume of.hI: _ ...... di_lo:no. .ye ..... bo cak"LoI<dII, 

"",-4"/ _tl} +dAJlll 

Tho ""bnt .. rm. Ib ..... qdiulIy eon""".'" dh .. ,gcnt ItClIOftt CAlI boo ...nt.". os. 

I td.qfd/ +d/ 'd,pJlll~ 4d/ • d/ • t4dJ/J 

Thulin. IIow """","eM be •• ~ as: IJ''' ,.fI~'4d/'d/ .<4JJIJ 

M.~ 

Tho "' .. ., .. Iouy "(flow...,, beClOkubwd by. ""(rIIIl)(r/.d/)<I/-<:>- M. __ F'- __ 

From whM:h , ~." -.(0' -<I/)I{ [/*(<4' •• / 'dod~J J 

Ref.On, to the fiJ)lI"C MIo"" in the Appendix -It~ r"" '-T(L -'-<.JIL. 

1'he surface &Ie. of 1M COO".rg.~ p"" is A,o-"".tT .. • T}Il - IfII,Tf} 

s..bislilutin8 for (T .... n from the.bovf: ~oon. _ set. A .. -llT(d/-d/)lfldJ 

From 1M abow r~ we get •. 

,.i'd,nY'L'. tI, Jfd. -J,l.4Co 
2(01. -tl,) 

Sub$litUlinl forT from Ibe ~ ~Iiof\, we gel, 

....... 1l(d.:d() J(d •• d;l'4~ 

Also the surtac. aKl " r d .... ,. • • pan can be ... rincn as, 

~ .. • (d, :11,) 4(d, -d,)' • 4~ 

Tho ... ,rac • .,.., of lho rout <onv .. gc"'.di v<ri~n l 0)'<1 .. em bo: ",I IS. 

.4.) . . .... , .. • (01, J~ 01, I V(d~ . 01,)1 + 44. • J(d. ·J,i •• .t! I 
Tht ,o .. lwrfJ,:. ("'~'<"II) Ill .. o.n bo: .~p<esoed as. 

.4 •• ,. • ~ d1L<"J' +lr(J •• 01; { Jr do - "1;2 • 'Leo 
2 

• Jr 40 -",; • (L/ J 
Tht votumoU'" hydrlu llC diMltl .. tin be o.eI as. Hd.-4 1//.4 , .• 


