ROBERT COLLEGE: -

School of Engineering

DEPARTMENT
OF

MECHANICAL ENGINEERING

Course :

a8 e ﬁl@ﬂiﬁ

Class: . Page:
"’a&o jen ‘

Lab. (P& Gﬁudy on the opuimmn aes:s.g. cha:sraci,ew
Desion Iiphice of compach hem,uexc.m.zgc.:f* used

5CHOOL

of
Mochanmical  Enginceving
Thesis for HeSe dogoeo
STUDY O %ﬁ&&%ﬁ

EB&.;-»EKS’ IANGERS USED

z:za%ucwz* 2
AL He KIPER

Thesis iﬁ ﬂi‘i’c‘m al*%.ﬁcgnd' ¥ 'Qmﬂ!* esferiemie) "

- :
o e
@ o
W AV
o
NN
N 2
-

<

G
~ Departuont

P

Bogazncn Umversnty lerary

| MR-

,,«r___?\

o0F ENGINBECRING

zw&m%%mmmsﬁrmmmg
mameQM&@@wmmms SEEIS T

T

1

L BARIE 3

, ""ﬁka,w’? Sememiym

Student :

Zpmoreiyay Ml ovol

Date :

23 /T / 961

Teacher:

ALL 11 o EIPER




gt
ROBERT COLLEGE | Couse: | Class Page :
School of Engineering . e £ o Thogio o Crad o 258
‘DEPAOR;MENT Lab. %i&r‘tzidyﬁx}*} ;%c ?n?z:imm éc;"r_:.? ‘c’:‘zwaeizew _

ACKEOWIED GUENTS

I am indebbtod $o Prof. Aliy We 5 Tipew, weo made valuable

suggentlionn,’ and divected the work by cupplying the necos «—
sary litorofure § and sleo o Prof. Cohit Arf 4 vho diccusoed

verious points vilh moy and mode valuable remarks «

124081

Date : Teacher:

23 f 7 f ¥OAT

Student:
Semorelivon PHlevrnd




ROBERT COLLEGE Course : Class : Page :
 School of Engineering } Hela %GS-‘E.G Grode I
DEPARTMENT Lab n u&.h&d ULl QPRI QUULLILT CAGRLCTCYLOTLED
OF Design |0F coOmpact hemb-crchongers used in aivcraft

MECHANICAL ENGINEERING

Thesis | Blr~conditioning ¢ i;sfh:‘z""

RLBLE OFPF CONTENES

ZAGES
fOMENCLABUTC o o w w w0 s e 0w T w4
InEroduction s « v o o 0w s & 6 6 e 5=~ 56

Effectivencas = HTU polations o « « T w3
Defermination of presourc 108568 . e e 9w 12
" - ¥ beot tranof. chorachs. I2 =~ I4

Expressions for weilpght and volwne I5

The relabionship botveen woishb,

z‘s ywer 1030, nf:ﬁ}, thickness of fubes . I6 - !
Debernination of {iil"d}g and (s;i’i};}i - I8 -

s 9 fube longHAs . v o IS ~

o “ _ LV 0 o s m o s om o 20

v o tho munber of fabes o o 20

The offect of increaping T, on m: and yolume 21

The offect of decreaging D.s D. Oon whe ond vol. 22
i A

Iitvotrative czample o s & 2 % » o » w 23
Pracelurns P e 24

Solution of the desipgn problel « « » « 25 =
Paoblem 2 & o o o= R T ST G 32 =
gﬁﬁ@lﬁlﬁiﬁﬁi o 6 B B oE w8 e oK e W o e 35 -
Recommendabions for future work . o o e 36

-&ppendix IR T T I L TR o

32

36

Rofferonces « & T B B e & R W W e % B 4X
‘ Sfu;i;ent :4 V — » Dafe Teacher‘: .




’— .

ROBERT COLLEGE | Couse: 1.5, Thoeis Class:
: : Grad ,H.Be

School of Engineering-

Page :

X

DEPARTMENT b & DT THG OpLama: UODLiEE CHOraCHoTLnw
 oF Design |[VLGS zy? nsmpac‘b heat-oxchangors used in ol
MECHANICAL ENGINEERING | s wnfh adveconditioning oystono?

TOHENCIATURE

’ !ai - Imney gurfoce .az’a&;‘?f‘&z

A, ~ Cuter o p5?
&q - HEnimm free £low ama,:i’i,

ng:.iaq_ - Dincnaioniens mbem depending on Illﬂczf ',,; 1./ Dy
C = Caopacity rate, Btu / he P
G, « Specific heat at constont presuve , Btw / ib F

D; = Interior tube dismeter 4 26
" 1 ¢ b

£ = fanning feiction factor  dimensioniess

g « Accelexobion of graviiy = 32,2 % 36007 2 l h,e.
- G e megs vclacx.i:y # based on mindrmy
B - £3In cocfeleiont of heat tramsfor 4 Btu / hr £4° B

3= 8, 120 dinensiontoss

It = sam}uamvi%y 5 Bin ! he P £t

R, = Dntrance :iasa coefficiont , dmeasmnless
Ry = ;gmg; 1 w & "

K, < Iasn w W N w

L =~ Tube longbh , Tt :

1y = Transverce pitch ; £

o

ll“ &ﬂ@‘i@ﬂm " ‘ s £t
. :gf = fon=£low length 4 £b

A - The £low length of outside gao ¥ Tk

m Cree £low aven ¢Ivfawr £

Student :

Date : Teacher:

ALL o t:t K'IER

SEHCRCIYAN 4 LKK&YEL

2T /7 7 7 1961



B o» 3 « Theclp
School of Engineering Crad & i .

L T 2

. ROBERT COLLEGE ~ Course : . : W Class: Page:
B Z

DEPARTMENT

o b | A ptudy on 4he opbimum deSign characho=

vecHanicaL enamesrivg | oroor [xfoblcs of compack hoamoxc.zaﬁgeaﬂs used in
esis n*?wm-?#' 157 St Y

H ~ Hach mmber ' dimensionlcso
I = Tobal muhbor of fubes
HED - Tobal mmbez* of %ﬂansfez‘ s = UA_ dimensionless

(WG, } in
LR = "Lh:‘vi.gi 8 ;mi;emor mm‘bﬁr of tranpfor wnite dz‘memiozzlcssi
BTG, 13 ﬁ 4 oxbordop 0w n o

Ty - ﬁze m’ﬁ}eﬂ of tub% per mt* mfml to %he oubside goo £low
ﬁ‘l a fi‘hc mxzzber of tobep per pems

(ﬁﬁ‘ﬂ) - The muber 0F %mns"’ez? mﬁs por pags

k1 S bs& of pagoeg

Py - .%3.-‘ Kk d&é#ﬁ%ﬁgﬁegs L
o By | |
By ‘“‘:;};""'M s éiﬂeﬁgzomg =
- “a

P o ?"m‘;au f’ﬁe‘kmﬁ mr'e:s? losn b 3&#1 h:e '
p msam m gases A paﬁa
R - Gaacamﬁam: ,; Bm/z.bii’

t 1

T = Tﬁe w-ﬁw of zaafzs f‘lmr x***he of om%siﬁg gas to ‘smi OF

| mﬂide gas
B - Hy&mulm Eac.ius f.’or "1&{: .‘o“zxai 4o 'tubas = 3?0. s
. ' Ko
8 = 1;; s dinmonsionicop

: o= “zmc wall 'ﬁh,.cméasz
f’w Temporatue 08 _ , ‘
U = Ovor-all coofficiont of heoi tronsfor , B 7 £5° hr

Student : Date : : Teacher:

SEMERCIYAN MIKAYEL 2T / 7 1961 AIT . M « KIPER




ROBERT COLLEGE. Cot;rse: o o . Class : Page :
Ly g wi w ALY 2] ;
-+ School of Engineering - e . ﬁlGSi Grad - j’l’i - E - 3
DEPARTMENT tee. | ¥ A gludy on the opbipum dwa.gn ch::s:. -
MECHANICAL ENGINEERING I?r:ﬂgin i'e piptico 0f C&’mcﬁ hCa‘ﬁ”G‘*"CJQEGGPb EJC"}-' '
~ , bl 241 adreyafl aimeconditis

¥ - Volune 4 ou £ STy
v; = Specific volmna of inaide gan oy cu £5 f 1b
Vo = S@ec ific vo?wm ar cu'i;sz.c}.c oy w

H, « Hagse flow vaiza of f:l.c; :m'&mx* 8o 1b / h&?
Hy = W ““ A w‘ﬁemaﬁ? oo w

w = Totol woight of tzmas § I -

:Bi.zaeamonless f*«suggx

fgg = Stanion numbey = o .

,(’; Yy

Hp, = Brondtl @ = pGp

39“‘ "’ You ’ "

£ = Bﬁfecﬁmaﬁcm x}f '833& ﬁea{.- eiceli ; -3 dimenflonlesn
E_gﬁf u @e“v g&ss of the h&&’bmﬁ@changer . B

Ae B /D MQm,,aa:icus '
,x-x, w Abpointo ViﬁiﬁﬁSi“b&‘ o i ' hp -?i;

@ - Eama oF Eme f:i,gv' y frontal avon 5 dmensm nicon
§ - < Donsity of the tube mabericl § Ib / ca 26
7 - Strons f pof

€? = Dimonoionlesg fgc'f:m. o tzserl in celeulnting (:&p)
?2 - T W g o W.oow 43 ,(52)}{‘
SSubmeripts e L |

o = yofors o the m.mr Fes 1o 08

Student: ) Date : Teacher :

22 /7 / 196x ALL o @, RIPER




~ ROBERT COLLEGE

School of Engineering

DEPARTMENT
OF
MECHANICAL ENGINE/ERING

Course :

Class: . Page :

£}

Lab.
Design
Thesis

T A giudy on The optioum dosign charachow
ristico of compach heat-ozchangers need in

alirerall aixegonditioning pyotenn ©

i = vofera to the ouber gao

Ia w 7 inlet conditionn

D w.n "efaﬁe.{t

moe B W omenpy

Student :

Semeyeiyan ke

b el

0O
o

Date: Teacher: :

22 /7 / 1961 | AN . & . KimR




ROBERT COLLEGE [ Cowse: Class: Page :
School of Engineering i€ - !E’ns ”’1‘53;35313 Gro » bR 5
PEPARTHMENT tab. P ﬁc{,t.dy on i:.?e ani,imm design cheracterich
, ; 1C ] g
MECHANICAL ENGINEERING l.)r:s'g." Lee of Cﬁiﬂp&b e"t"’eﬁ- . f KAE] 13-39& -33- ﬁ’ir"*
esis | ownfl i *‘m@m‘wﬁmnm e ayobons

INPRODUCTION

In fhis work we have tried fo indicato the optitm deoipgn of
o crooswPlow bave tube heabw-exmchangos $0 be wecd in airerafld alre
cc}:a&::i, oning eysten » with volune, ond weight boing the principle
lﬁuam:;j)&es o be minimized, piven tho moxirom alloweblce power
1{}9{3. - . R .

In ;axﬁianlav e vae altenpted to soive complately the fol-

lowring problom 2

To deoign oo opl iﬁmz heawa*.changoz* » iven the mang Plow rote
inlet temperature :mé preseure and leaving tompereiure of the
hot poo, and the endoring temperature ond precsure of dhe cold

g&ﬁ :g;." -

The Pormalas developed or collocked From Toforencen can be
used in the solution of mony sinilar p:mbi G e

Ye have roachod the conclusion that the minimm mighi and
| volume camnot be achieved witliont increasing fhe non-flog dimene
sion $o very lorge values » Zud smince this leads 4o owiward
ducting gazza' mist res Lzeiaﬁ Tho non=Fiow dimension .

We have aloo nobiced that %m noege of tubes with smaller
diamstore fendc tp decrense fhe woilght and nlso the volume .

Ap oz tho optimum fubo spacingo no definito anewer io
gwen « Alfhough it mey be stoded hal they shouid be choson

& smoll as pooeible o provided the noneflow dimension ic nob
azeansive .

The reason we used bare ftubss ingtead of firned survifacen

Student : Date: Teacher:

Hilkoyel Scmewoiven 23 /7 7 396% ATE Mo RIPER




ROBERT COLLEGE Course : Ciass: Page :

School. of Engineering ﬁ,s. SHIBSIs Grgd . I8 &
DEPARTMENT ' Lab. Y4 pilildy 0N GREe ODLLNUM JeSizll ooy 33(3"‘
OF

Design | Piotlco oFf compact heal-ozchongseors used

L i ER s 3 3 oy pyap oy A S = w3 2 = SN e -
MECHANOAL ENGINEERING | 1hesis |In pivcralt alv-condiitloring systong ©

2

is thel %he Iatien vS'}?G mz:?i‘acma shough :esrapacfi will make tho
neat-czehanger heavier for a particular decign than the tubulow
typo . Thig ic due o the fact thet the £ins are nok 00 effeéﬁiver
in tranomitiing the heat thon the beve tube ourface. { Seo ppe
619 4 Rofowenco 2 ) . |

ALl the quantifics used are sseumed fo Do given in
L, #, ib 5 hey Op s Btu - ‘systen .

Student : Date : : Teacher:
ey ey 338 1. b R CUYT L rE ot TR
“onepciyon Hlkeoyel 23 F 7 71095 ALL 1T, REFER

| 2




ROBERT COLLEGE - Course : Class: Page :

~ School of Engineering . ?fﬂgo TIRSTS Grad B 7
DEPA::;ME"T S T L 8 ‘stx?&yﬁﬁ the .az)ﬁi.m deeirm chayochow
' Design :e?:s*ﬁica n... cnmmc lxcawe:zchangow' noed 3.31
MECHANICAL ENGINEERING - Thesis "’(;3? ‘»3. } b‘ﬁ"’ »ZJ o E}'b{'} el T§r

The Depivation 0F various Popign Bouations

~ihe ,_ﬁi‘fevt:.venessw U280 zolations 2

She :effeaéivemm' of tho heat-exchonger 1o given by

Pps 185 4 mof. 5

fﬁg}gm C Tia e:zj

S -
gince mﬁ%m»gng is usally clope 0 I we muet molo

2™ “oa '
{Cp "’) = [Un. ?343‘ » Othezwice o enmure o lorge cffective-

neos 1&3:'@*@' HTU in zeeoded o The offect of lorge FEH on mzua{,

uzil%. be &..swsue& labor «

3 Cp, ¥ {;.. -3y e T,
-}’ LF s g £
£ i t:t 12% o ‘ e ; (I}
oo T3V L SR 4
i"g . )m Tia™ Tox) tia” ton
From page 12 z*ai"o £
vy ] zE -m 3 . - "t . = ¥
0T Ypoz < Cgizea * % %P5 Suin @ “uomizea © ? G«i
offoctivoneoe por pase is given by
oo - repy = e
& = m e 1T @7 BOR {2) vhere
. _ wrtypr
"I - "" Lht-U .

The ssouuption being thet me £inid flowlng normal to tube

banke in perfectddy croppemimed .

Student : . Date : Teacher:

Senerciyan lkayel 23 /7 7 E96T ALL i, KIPER




ROBERT COLLEGE | Course: ~ Class: Page : |
" School of Engineering ) :jggg Thesig , Greod o 1 &
DEPARTMENT e 7R sﬁuﬂy N Lhe OpLinin CoDLsR CROMOCLGw
OF a . o ) .
Design |wintics 0f compact heob-czchangers w*cr., in
MECHANICAL ENGINEERING  Thesis Q;““Q?’&ﬂﬂ. ﬁf«{j‘{}""’i}.f'ﬂ“‘t 15’ ”"""ﬁ‘{}(}"“}w‘ .

The Qvoma’il of fmzf;ixfemf::é io g‘wen by Zormule IT (b) pp.I3

;oo _Etpa
( o Ty By
£ = O

the as—'.:m:@i;ica being thet the hot sir completely mizes bobe -

x

ing ic

the cz:fffac't‘v{z neno dm"easezs -

- weon passos « This .zs aa»mamﬁme ﬁmcc uﬁe R degroe of nigs
no

ot Emm'n ami Simi”' an the degree of mizing increesed

U = 1 ”‘“zf (3;

Equeting uim aeai; %z'mci’er bewerzzz i.}’s.e hot ond cold gosen

C*... m(} C”“?zezzmw

£ i ; r:} - »{n S m
tia , b!}ié-.i s}Q xfi)‘au 4’0‘ !
v
z:a
ok T, T {53
¥ vy .
£ N
w i
3 " baii
: ,,,n, é-;_ .
- e "
e S N
Toop A
Po oy

-

Zrom £igs L 1t io oppared thot

™ ) B Y . %’Y
> E ) 4 ﬁ -5 v 4

P’? : £ s e e g T - I e “!: &
X Fe n m o
- . P b )

YBy o g Mty 0 YR
Student: Date : ; Teacher:

o x y e s e o Y - - . .

Semerciyan Ikoyel | 23 /7 7 I9si ADL i, KIPER

- -




ROBERT COLLEGE Course : ' ' Class: Page :
School of Engineering C HeS. Thosis , ‘ 1‘-:}:‘:]{},:1 Lo g
DE"A;jME”T . Lab. | A otudy on the 0?‘5.::11 coian choawase
Lo g esinnd "’--'A . & R 74 .
MECHANICAL ENGINEERING Design JUerdntico of conpned hoalb-cxmehiongers nsed
Thesis |31 plograft afresonditionine roabomg 0

T e 3Byl
R LA L 20 § 18 s
i

i e

F:’_fj‘l

.}e e”mmtmzz oF .wesmya mssad 4

Ag 45 well-lmown the sun of the procsure drop ﬁé‘t‘;icﬁ in the

heate cxchongers io émaﬂy peoportional Yo $he decrecse in
‘ﬁhc e;ycs},e Bhemmnl ef1d e:ieney, Thexefore wo must keep it bolow
& ae::* &&a.z valne.D1 our 21:‘3?33@%21 it io o prlord given |

IF we deoign the heafeo mi:m:zge'* for lovop proscure dyopg
than the allowable velue than the x}}z{:&mgow will be unngcenoarily
1awso.e iﬁz‘me we munt make the total p'nc:ffm.z&e drap cqual $o dhe
gpecificd valucs

The preosure deop for £low of man normnl o tubes i gie

von by the Pormula

3
F i 3 w Falats
: G & o1 Ha “s Yo
’ Wt
Ap S e S {&}
> 4 3

Student : . Date ; Teacher:

Thpyrmmynn oy S persy U3 Teryresy D R Ay B B Y Tt Tope o wE gy
Lenerciyoy Nikoyel 23 87§38 ALL Tip BN




ROBERT COLLEGE Course : . Ciass: Page :
School of Engineering ) .8, Thooio Ornde DI ‘b
DEPARTMENT Lab. ¥ j}’ S"fi{l{;ggf 0: giﬁv}‘ Y «.-3 [ r«‘a:‘, {wwq C‘i\au:,;l{;«-owﬂv, Clom
oF Design | Sicn of compact hooih-c: m’:zr con noed in
MECHANICAL ENGINEERING Thesis | 333w send inmeconditi Q:’!&‘;}:’; C'}'-'S"-‘JCEZS“

wiaere Py L takes cave of the lomses ab entrance ond ozit.

e
. ) vzs
and - PO T AT 2 by
At G 7 “Grinmioon 0”“’3 {ﬁp“g}% af's3)
vhezre © 2 Gependn the goometny af tube arrengenentoc, and

io presceoded in ::.” Lguren O and 7 of weforence 3 . Ihe gogunption
being thod the flow ic turbulont and that tho Seynolds number

£

ifg baged on mﬁ;ﬁi&@ é*me%e:* of tubogs

As for inner poo fIov tho nz‘csm,e drop will be

2% . s “3 3. i e <o Fatid
Ap; = e Vim{_ B, v 3 * i* £y - ix::;%‘?: w
t’} 4 A la
3.
T
. LR S .
{x -l O N?i'*;r P (1’1 - 21 X 3‘) (3

% oppears from s?imé 7 (rofa) ﬁhm; she incrense of the
'm;tabez*» of passed ‘f)@;;rc::é Joxd ﬁ_seg not incresos *Ww effoctive=
ness onpraciably, vhoreas cccoxding to the formia (8) above
ﬁzp wsmkm Joce increasen o the number of PIOgeE Incooneed.
ﬁam@- v_{me‘;v iz p2obably no mm in volume beyond ot = 5 . |

Aloc thepe Lo coother avgument ageinet increasing I tha ;z'mbe“
DPE CEeGe |
2 we increase the mumber of pesses dhe mon-rlovw dimcuoion

Anereantt.

Since oll the losses in countion {(9) ave oumall in compa =

Student : Daie Teacher:
Sonerciyon Mikoyol =37 7 / I55F ALL W. HUDER




ROBERT COLLEGE Course : Class: Page :
School of Engineering }jgf}% : :i}ggi{} Ornd . fﬂ? ‘\
DEPARTMENT teb | & r.:-i;' Wy OO ODLLInN] (D0LLD CLORQCLCRLO
oF Design | Gico of compact honl-oughonsers used in
MECHANICAL ENGINEERING | Thesis a;?.:vc:*:zs.*u aiz-conditioning oystons
wioon with foming Prictl :m lossen we con woile
&
Ap, = AEema 4 {10}
wvhere 51 is introduced to take carc of varioc loszes excepl

the fenning

Tor torinlont fiaxf L.

o
X

“,z.ct,s.im Ioauen.

can be a*}yrozr*? et

P 8.045 AAE o} 45
fg =i 0. = 0000 &
b 4 wr §wel ' L
el
. SO '
{vn. 955, zef. 3)
e b3
' i"}v% ‘é‘?w ‘
| e : »i"; T o bx ,; e ain s
L .}x‘is N
Vo2l I ¢ gigrameiegmreid =g v, (13)
e Yoy . o

ted by

(1L

}

The frichion power loso ig piven by
f :?4 :5? ;ﬁ.-‘ 13
T g TT A wn s KA 3_‘;?.‘ -
n‘:;‘_ Ji‘,‘\‘?i i tc{} yOAé'}Q o (c 1& ?}i v: } ( ’f;rﬂ. }(‘ 2
il £ha gy
R A
Y T :
(e a3 v ). Ti a2t ol
Yo fort Vo 4 TTTTHIENGLIE
cg (Feen)
H
‘o
suobituting €. from (II)
Student Date : P Teacher:
3 E e F dsh ;mw’ L) e S ey
23 f( i 5‘3’3}, ALL e AT 044




ROBERT COLLEGE Course: Class : ) Page §
A School of Engineerin§ Hals ﬁlﬁgif} Gr&d# .—fiﬁ'ﬁ‘ ‘Z

DEPARTMENT Lab, | P& mc.y O OpLinun UCOLED CHOrQCLerilw
MECHA'NléA: FENGINEERING Design “’*3‘ of compact hea ‘Inwc**chan{;eva ueed in &-«"
‘ Thesis 3’3‘& aiveconditioning gyatens

o3

g
®

“

T Bt e (f o ‘
ho Vi Ligee e, T 00 Jo O 2.6
] h 8 ) JioﬂG

g ) g Dy
A ‘\{:2 f:“; "\rif: » /“: ) Qi(z ’
fetbing [ 02023 mbeeiih (o) (14)
kg i3
o A
enil, v- (G Y 0.I3
A = 1 o l'4 (o) (15)
0™ 5 '_" Aop X5)

p=Ag® #AeZ0T (36)
[ Ead : . . .

ctezmination of Heal Twanofew Charactorichic

18]
o

Yor the flow incide the pipes the following dimensionleos

group vercus I, . defines the heat twonc ofer chavocteristicn
of the purfaoce 3
o g  h L 0p 273
Jeng Ba /3 (. ) (=) (17)

r flow through round tubss at i‘{;;;’ from 5000 o 200 000

the value of J io given by

. . 0.2 " o N
5= 0,023 / (q{e}{}; (18) {sce wef.3 5 pp-359)
b, G
vhere (0 Tneds ® wg«n
]

From (£7) using (18)

Student: Daie Teacher:
Semepciyon Nikayel 377 7 LS ATL . WIPER

0
3
et




ROBERT COLLEGE Course : Ciass:  _ Page:
o :.af}i Thosin Crad. B
School of Engineering ‘3
DEPARTMENT Lab Y4 geldy 01 ODULANWI GeSNSN CLATAUTCILIe
o Design |bica nf compact heab-gmcohongers used in air
MECHANICAL ENGINEERING Thesis | croali ﬂ*l_,“c(\,n,q,,:;“o“, 1o ”3}“""6 ey ©F
oA £t 5. 2 % | ' .
. Q..»}» uz)i 3 ~ G’“Q 3 u}{}’i ¢ F 3‘3 wr G%}a%}(?g)
i’. (5 - }‘"{jp - ¥ }s.. [{3 i'wg ’ }5 ;3 T3 .
“RBeli VB PelL
Por the cold alr gide
b w= T30 G Ha -5 . 3 o 3D
.1{) E;i i@?‘} \‘Q {* uq)o ( ﬁ%}g ( }
{formala 520 5 Dpa0T4 , Tof.3 Y
vhere C. L0 o pauber depending on the geonetry of bube
arranpenenio .« I 3o given in figures 4 and 20fe 5 o
Howr the over-all cocfficient of healb fronefor, U, io
R e B Y
I L I ;
s m e oo {21)
it A % A 1 &
U a a; 4y hy &y
viiere we noglectad the fube well rooisiance to heat flow.
c}:}}. M Tedd 0ol R '
T i’k e o S Jm- ﬁ‘ :f ! {?- Iz:‘}
~1 a Y S T A, By K53 (22)
{*{4 T }_. & 3
R S
G023 fiipi > Owil
, , Ry , -
waere A= (et} A, £.23)
4 g f«-? I A 7 N KA
| (: 3 i
E”r
‘ - ’;"’ ' 0 Q&S {}4{3 )
B A = TLIO 4 el I P08+ S R 'y 5
e My 1,10 oy s 3‘) iﬁi’)ﬁ { o } },.G \G X G (84)
" Student: Daie. . Teacher
u:z ciypn dkoyel =37 ? ,f' l..,u)) LY 1. REDER




ROBERT COLLEGE | Couse: Class Page:
School of Engineering sdwae LLCLLE Conde I i4’
PEPARTMENT b, |4 g "”3 on opbimun design of compach heotw
i A 3 r 3 b "'1,,‘,’)
MECHANICAL ENGINEERING Desion @zCchengor @ uced in alrowelt air-condi Lioning
Thesis “}r-s, G-—-‘BIS . .

0 A
. o
T fay dusntn § 3 ?‘ H A & Y -y~ < = v,
oubsbitubing b, A, , by A from (22F) and (24)in 2i) and
maliiplying both widen by W, C we ged

i
]
o

Aty X 0.6 1. op,

T ¥ B eon . v T E £
Vo choll aininige P aosuning thel G

i
ER

and G, are pein vas

£z

riables mfzé such that G, » G; ocatisfy (26) .

1

It will be fourd thot (see the appendix for dorivation )} P

will be minimum if Gi / Gy has the value

1T
¥ 3 TN {r X 4 :.,"'“1 L 555 ? 1
Gi /¢ WX.JI 579072 2 ) P W 28 ?,%-)9 »992 g 0e44l,
0 fw- }) g‘.};}!‘}:{ ;:}:}, - L/} z? F L “‘.?-' - 'w.- : '»ii \)
‘gé,) w 3 3 ‘
rolo P 2 & - ; ( 7
¥ = '

In this equabion (11, ) cones 0 a low power, Shereiore an
aoguned valuc of (‘%%} does not gffect 41 / 5, wotio very

nich .
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Thesis hivwconditioning oyobons® B

_Ezpressgions for weicht and volume of the core of the heate

grehanser
The total mumber of mba ic given hy

UeniH iiﬁ - {28)

-

The weight of the core is given by

e '
o o= T ?L( Ly ,3‘.‘ ) 3‘;) {29}

whove § ic the density of the tube motorial

- P}T ...... . L. R .
7w ket 1 2 B, (T wpbe) L= (T

I

w
1
-t

L })ri;

oy
frd
i
St
st
fl
Ky
b
ck
Ty
it
o
N

¥ = pon~ flow lomgth = I, 1,
: W

B e vy 7T o
};3 (el n‘ _{,;}‘ 1;}.

fot
P
o

= 0L Y ® =n i, I
%

T T Yk
From (o) and {31)

7 = hv l 3. ‘ { } '
= ‘ﬂ:c “L : ‘j}q : Loe

[}

e ohall ar;_smae that = == 3g indepondent of the tube

D = »im (33} Dy :m._i‘{*'; - f (3:)
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3.

The relatiofhin bebween weln

ooy . thiclkneop of

R

-ﬁ&h&i}: and spacinm of tubon &

Sy means.of {27) ond (15) one obtaine (see appendixz)

,ﬂ}-w,‘SS,{

w{}»—B,}?

| vhsre
2,023 (@3}'. R Ge22 2.8 2 vy g {1.3.2& g ; }\ D2 .00

T il S0 Vi S T NN A
falz +% 7 Coglre N 3, WIN . e

(

Hence i also does not vary muck with (Bpady =

Substituting G; o G, grom (35) o (36) into (26)

o

I I i _
g Fe283 (0TI el P-T86 Cp, ¥, TWTU o)
il i ,’ P %y

04857 8143

Wi

23

THhore

~2 /3 ()f:):’ﬂ‘f'
8. == 0.023 Cp, (Ni,). IR

(5228 (29)
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et j3 {)Qé‘ | QDG
L = T.10 Gy OB, cﬁ?)ﬁ: {‘3‘;2}‘ “T}j)\\ (40)

From equation (38) it ioc epparent that w decreases if
UTY is decreooed. Bubt from the graph given in the illustative

exanple it io cleer that I7U decrepoes if »_ incroooes.

7
Honce w dec 'f'czaf*ea it ?w incrennen. Hovever oo we ghall

gee later thet the non=flow dimension incresnes and the other
2 dimensions decreace if », IDCreoseS.

thevefore wo mugh restrict » . to obtain good proportions.
I’?na the poane ema"t;z.en it is agpa::e that as % is decreoased
w7 decrenses. From equation (32) volume also decreases with
f?ecw*caawzxg ‘t " - | |
“"’0::1 the above discussion z.t in ele&. that we mst choope ¢
fube with omalleot poscible diomeber. However for technologicel
impopaibilities and stregth conpiderations restrics % .

If o pas  high velocity flows with high voloeily {lowo

normal to fube bonks the mowmimun eabinated bending shrecs is

piven b;;r

- B3R fs ’) |
T = o (31)
w F . (m) j
where ¥, io the wise of prescurc of the oudside gas due

to the impact with {nbeso
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- {42)  moe ref. 6

Ege €38) aloo shc:rs the voariation of w with T, As fthe gllow-

wable zmcz tion loss i decreased weight ( and olso volume )

inereoses, and vice versa . .

_Detormination of (NTU) and (NWTU). .-

1f we let |
1 {:?‘.ﬁi}} = .:,2‘!70:&63. / i.’illig;i I Lhi'}' E}Q {Ip i ‘ t43)
(?3”‘3}1 W, Op, W Op; Dby Dy my Opy »
Conpsider
| R I F,_,,,_:.r I
U A hs ﬁ":?. h& R{)

' gp,/ Op
- I _. = L s o 1 Y (24)
0Ty (na)y 7, (WIU),, -
From (43) and (44)
o J}, un *%* .
Y. = (UTU) « / v {45)
Z‘s:;t» =
,, L Opy/ Opy tm P
HT0, = (ATU) B, | {46)
z‘,‘: .
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Coe . ﬁ L4 if Cp. A) ..... »
(ﬁ@(})% = {E@B} P 2 ? , {

(Qnif UDy 4-{3‘)

(49)

(50)

Ay, B ow
<S¢acc G.A--* VAR P R 23 om ﬁ-é -
Aif ‘{ﬂ' i Yot

% n

w W
Determination of fube lengthy o=
j‘**em equation (17} and (13)
sk ﬁ r ‘ '.
L 0:023 9p; 0y
O S - ST &
‘Re);  (Hp.),
. b, A, 0.023°C, A, ana’% (4% /0;)n
Hivg = . Cp. = P 2T GeET =373
PR Ulgg)y (s {pedy {:*f?m)i

I

=

n)
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Tronm equation

e (ITU)
10008 Soade =

‘E{‘

(49} and (5T}

up / J’LG 2
s (T e F‘; =) €?e}o (11.,.).

Detorpination of LY .=
o . R -0
hy Ay }f‘”‘ﬁm Sa VB, Go (.iiéz%x_ﬁ)o»» (ﬁﬁe«} A :
( ”8) IZ & ’ ahuec i i 2 > i‘»t&s(s_})
;i; ;13 B 3
o Fo {3‘0 . i,;)_a

(53) end golving for ' we geb

2/3 0.4 |
(T} (i:sa ﬁpl / «po) (n@g} (Tgolgeee (54)

£ Ghe nonbex of tubof e

The number of iubes will he icm i fmm

; nLu
g o

7 3. = AL, = :
i j Gy = dgy = 5=
4n ,
oS samimmsmais {55)
. F
™o, @ -
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ihe offect of incwveamine »  on weicht and volume .

et 1y =0, py Ly =B Py

e

Doz fized b, yiﬁ; Py

o L (epproxsy B Y4 &t ‘?’3"5!3 5&'3?"’0“}

L HRY

R

dinension. The decvease of non-floy dimencion is a dosirable

properiys because with lavge none-flov dinencion Sucting becomos

e ot . |
PART LAY R » .

a value of

e best one can do io thowofore to nooune
'{2‘4’53’::3’}?} ant m fzou the {*r'apa of m, = (E’Eﬁ)z} + Probably besk

way 3o 4o ossmue thaol 12U = K 44 - hore

ig the osymptotic valoe of - 110, and X io o factor such. x’:«a%

a ; 3
17 o -HEL | Wotw [ 13 yed3 (z::m:’“’c?z)‘

.
Hence the non~fiow dlnenogion incresgen wherean v, ¥ dJdecroase
if e E ]
w ,
The vestriction of . amoundc o resiricting the non-Fisw

_"’_(M ig nob %no mmall.
A vy
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School of Engineering v lese THBSIS Gy ‘%A B 1 ZZ
DEPARTMENT h & OLUUy On ODCLTOY (CDLLD COOrOCherio—
OF

JEPRC FURPSN T ) e Ty Py o . & ¥
Design |¢3-C8 CI compucet hoabt-cxchangers uced in air
;

B= 0o Dys Py avrangenent)

For in-3ine tuboo 1Y ‘*'g:" 3, ( Dy = I b

5, and 5., do not vary much with Pys Dy « Honce
v 5 ‘ : Y1 Dis Dy

almost conobant. {See the illustrative problemc)

Thie fowmla agrees very well with the given doia in

The cffect of decressing p,s P. on woisht end volums .e

tavlos 12,

17

But fron formula (32) volume decvoncon if Dye Dy s decw
»eaned. However tho non-flow dimonsion incveaseg 17
§3_, - ?”l;’ ACTEONeD o
1
Stuvdeni -‘ ‘ ‘ Date : Teacher:
i wew -~ - s pols ey e e wn e o
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tyyg with baf;?:; ’*zzms %cu.nc, oy, i,lze Ixo" air *"%m:zf.ng oido the
tuboss

iifrm :&ésign aé%a fia gz‘.ven belowr

£e

m ﬂiﬁmﬁl@ PQYIQ&’ 1088 s o 5 4 % 2 o CE S 5 BP

. t ‘,.5-
.Vozmzza i‘?‘m rate of h{:ﬁm T R s

El,iomn;; preppung of hot peew m e e e e » 22 ppin
Eli@""l% ‘(:GIE?)C"‘G{em 0f 110“1: 5&““" T e ﬁﬁo"‘: r
Teaving Honpoxalyee oL HOb 63F + v v v s s 0w v o GF T

Batering prosoure of cold az,z* o e a s s e s TheT Hid

Enforing tomporaiie 02 cold 81 « e s v v 4 ¢ o o 500 T

The manber of PASEos on 1He Lube 6300 o » s e 5 e o 2
Thetubes ore arwenged in Iine
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: adpeconditioning aystome?

EFROCEDURE.

I) Caloulate £ From formuia I ]

2) Dzow Epem

3) fssume {EQ‘?}}? fxon groph of =Ty

4) Ascume $ho innor and ouber diametors of tuboz

S)Aooume the %3@0 of tube arvangemento ineling s oboggored)

6) Asoumo 1y » 1, «$thoy should be chosen an emall as possible)

7) Aoowne o vessonable value for ( Mp, ), |

8) Celeniste |
9) Coleuloho U
0¥ CGoloulnboe sﬁf*g

Ir) From formula 38 colculabe v
)y = v -3 & g
I3) Chcek § Gpy ), by wopoabing DwI2
14) Colomisto T Zrom formila 55

I5 ) Caleulate 6 ,

16} Caloulate © from Poromin 52
17) Coleulate L¥ From formmlin 54

I8} Prom nFy = Bt obtain nfy

| Ly - -

D) foom . el 1, - obboin B

.

AAAAA

20) Chocl the non-flow dimension to pee i¥ it o within pormice
gable Iimit | |
2Ty Trom T il obtain 3«,;

22} From 'V = LIYIM  ovioin'volume. Check this sgoinshk fovmmla 32
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MECHANICAL ENGINEERING

S0TuRion 233

D505 oF 10 jﬁﬁsifsﬁ PROBLE

E_}L '“' = Wy /p o= )3-3 x “*'2“6 /22 x T44 = 9,59 en ;i'ﬁ f' b

o

ox= B By g p = 53e3 % 510 / 147 = T80 = 12,93 ou £/ b
= Q

Ty, = 10z £ 3600° / 9.59 = 3750 W /e

2) Simce O = O, = 0.240 Din /Ib F S:.ﬁ;g s

T “po o /
| | - o o Z =
R 5 .'m | 2 ' “? %‘ '“ (itma N {:fi “ 3:) ( g & o '  ’
- s N
v . | A K ¥ e {)“3 |
(“’?”n} ., gveph io nent drawn
3) Take K = L5 z:ul iﬁa’z’”b*‘*& ,
(ms}} = 0,9 L my s L8

4) fosume that fubos ore made of Alimwwmr for Ia.,gh%ness, and
‘bﬁtﬁ; i 3' =3 Quﬁﬁ@n B = G’B’{}Qﬂ T o= G‘.QEZ‘}“ 3 f Ea = E;E )\‘3{}3:
5) Asme that the tubes ave arronged z.nwlme v
G} Acgume Ly = L.75 .3 = 0,5250 1, = 2D, = 0,68
7Y Apoumo f;}zai:: {Eﬁa}a = 5000
' 8) Froo £ige 4y Refevence 2
Oy = 0292

from €ige 6 5 TOL.2 |
BQGAZ\Q\ umv&asm:su KUTUPHANESl

Stuaeni - Date : Teacher :

Semorciyan MEhayel 22171/ zsm i‘u’i .' 1 o KIFFR




ROBERT COLLEGE

School of Engineering

DEPARTMENT
OF
MECHANICAL ENGINEERING

Course : N } Class: Page :
gﬁE:@%u Theoio Grad i Helha 2 é

b, |7 A ghudy on the opbinum design chavacios

Design zdotice of compact hea‘ﬁnexchmgerﬂ uged in

¢y = 0150

Aizeralh mmanéiiionim gyobong

() = (lip,), = 04712

R = gl ”"mf)mgﬁxs.sia - T} = 0,TI0"

I &?»2

V, = 1,026 @ 12,83 = I3.I6 cu £t /1o

¢"’n
.i. }.2

mmuﬁ

8, =

]
-

a0

528

2z Qe b avammmseice ;;

= 0,964
2z 570 ‘

v; = 959 ® 0964 = 9,24 ou £5 /7 1b

Squating the heat $rancfer bebweon hot and cold £luids

Uy O 4% = 5, ¥ Opy AT,
' AT, 42 ,
Top = Ty * ":”% = 50 & wemmse 5 76,5 OF
*; I.58
)D %+ ?swﬁ ’
i‘{’m. = :‘.3 6332 GF
2 i
I10 + 68 o
= 2
Mo @ 00436 b /be L6
?Mi = 0,0452 Ib [/ hr £t
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e Qah?g ) @
o LI N osaed 0,034
(5?@'30 = 04292 7 0,150 3 sorsuex &3 WW)? (Z42)7 Fommeso
1,75 U\ 9424 0,0452
&gm et e e -,
- 5oae0=0361
= 293
9) For Alumimm = 2.7 % 62. 4 = 168.3 10 / cu £b
Gu{?ﬁ:& 2 iwi) £ 332&?
[ ; 7_' g i j,. {3#1 53: G.&é;ﬁ}g’a{a 93);2‘8 +
2% T.I % IE6C % 0,15 = 1.2 xa@zm a,-:r;“ .sxz,:mf; 2( g9k
.?.68&3 3 33;(.‘ =z 3@32 x Ic}: #8925 3: e %
= 2400
E‘;
. . ek "“ ' {
5, = 0.023 % § 0.712) 3 =z 0.24 ( s,aa«zszéa‘a ey 3: —==(2.93
3 Qﬁ{}IﬁEB
£
2. 0.00434 %% .2 e

Sp = 1.10 = 0.2%2 = ( 0.732 ) T 0i2h x { SR —qprraeily
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sgoteT43

faed

o243 = 0.00085%

\a'n,,

£1 ;' }x‘};ig, EEIT{;}Y) = 2 (" 3?3}3 -2 ¥ Gag = xé?.{)
8, 32085 5.01523 % 98.8

40857 . 0.00513

o V2T / .
£y :?9,,2“4 O?QG'ZE; ¥ 3Le5

0.00088%

= 263

S, o
h. A

substitnting inte equation 38 : - '

’ ’ il . - *"v;' b

T I L E
T 160

o e e T R e —

25}3 1‘.;333 ?3:} 2{'}3 ‘?{}@{ﬁﬁ
- B.IS

bk emsedscimasmemeres  TX L
Bra s N Wizt
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Yo shall volve thiec cwuntion by friol ond orrop

553

Asgune o = 25 b

£{25) = I.041 » I
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(z;aa}ﬁ*‘?‘fb \ ssc |

. lvvﬁg’&@ {3;.3636 x 3.6360
{ﬁ?@}a'ﬁ>‘;'"wna- « ox 11300
- I 13 = 3,9434 |

Hoxh acmme ﬁi%}g» = TE300

3.03 i,z;r:s
11300 s,_azszz

' x;ﬁ“' oy ) Q"‘"~ 'h ’ ' ”Q!}ﬁ?
1 '&[‘_‘i}s?ﬁ x 107%%(2,84)% % 64.9 = 10 ‘*‘2@'&;3{3039*@5\'
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_ 5 A e oann¥0e8 A naaas
8= zﬁa'z' P m t 2484 = 2450)° %" = 0.01493

8, = 6.66 = 107°¢2450)°+% = 0,0072z

6,06

. 5«7«% = ,.,,,

The :appzmiz:m‘{:e »o00% of this cqamz.m in - W= 2647 1b
- ¢ 02357
2450 g.9mzO® UL
G{} o s 32 % : . = THEL0 1b / hr £§
. Té- gﬁg?

¥hich iz very close to the pravios valuc

: ' 2., . L
Hence take G, = IGE00 1b / hr £1% w = 206.7 Ib, = 2.084

|
1
|
|
|

==l€656€3 I8/by £
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Gy = yG, = 2,80 = I6800 = 47600 1b / hr £57

o
el ol ¢
- 2 "‘“‘,,1’@..;52 ol el
<= wdi ;"”“{i};iz /"&' i}af@)

X E.Qﬁ

o o
16) B = 1068 % 0.9 ( T + ydyp) (e@?eg%;\%gg?; 20s2; (0.71292/ 3

‘ .&689@‘2“@»«
v 2 T8 fi’(}& 1} (ﬁa?fﬁ} (gm)
228 ©%
s ExcCom X2 s '
i8) ol = SUTEaETE w 0%l take 52 tubeo

';553.3 Yo chell oooune 35:.* the non=£loy &in oenoion found ahove ic

within gemissab‘ie limi;a »

- T, o s 53 samoeee 33 3,85 Pake O
o ¥ 1T 5 \ .
d\..l S
1
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¥ b IV I o 2,85 % 2428 % D444 = 2,58 ou 2%
AS A CUBCE wo note Jﬁa
} o 3 ‘ ) .
- “'3» i - v = B8aL 20380 2 00 e = 2,31 217
'3

dk: 4
1
ca

If we take nd, = 52 =9 B0 I 52 = 9= 468 461

bowever the orron iﬁtm&um will I:c ne 3.1{;&&1& in comparison

with all the erpor due to sﬁ.ﬁsﬂixgmg agpunptionn «

Height méll increane 'ﬁa tho vua.m
468
26&? ol s A ?7'3: 3.11
6}.

ot ug check the subes for sbtrongihe

Siace the srespure difference bobween the Lmer fad outer

gaseg isg not lavse we need cnock o ordy for bonding Gue %0 the oubw

side pras -
ii)c:}{} .;s. f3»IJ — LT oo f ~
ZE S s al.é- - {}‘{}545 1

o {u 1

V )”,3

=

Siree i is snmall

By 1 2 o
@59.& T AT -5 )=l 0Tz 0.0846" = 1,00209

4

e = 1225 pai

Sh?denf - - ‘ Date: Teacher
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ince the yield strength of cven the weakest Aluminum is

30 kel
30
Lepign foctor s e i = 2445

Iﬁ&ws-,! )
fonce it ’s safe s

JERODIRI 2 gee

Sodve the sgme problem under bhe asoumphion i‘,hat

Py = I.5 Dy = I.0 ond $he tubec ave creonged in-line
6} 3.1 = Eaﬁ kY S = {3:2}5{} ;% 3"3} = zcﬁ ﬁ{} :f 6{&5{}:

7)  Assume thob {fe } = 10 000

8) Trom £igs 4 o v 2

{}‘2 = 0,294

Trom Pige 6 4 vofs2
d 4 -4 9&25{}

B wi_; ,4,! {gﬁ _.) s 0&35853‘* ,

0.1

8 oz?s |
0.0588> 3.6 0.0434
U‘r‘J‘%‘ g, OX O e ——
5 (S?(}{}x x 82592 H‘:x 045 (92.4) 00452
= 2,04

Y v - 2 0.2
D Mo | 0a2dXLBRE2E (01%00452) . ( &) N
168.3x32.2x36007 5 1.1
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whose woot is

' ' i 0.2 col 2.8
o 2x X340 % 0.250 1.2 £ 0.0568 ( BAx0. 0434 5 (1o o00)
168.3X32.2 X 360p" Allx 0.45 5.2
= Eﬁ?é}
/3 0.8
5 = N2y 0.24 (0. 00452 6—1»\‘3‘;'70\
1 ( ) ( ) (65,3 X i, (
= 00156 |
) ' _,:’./"’3 : C % ‘ ) {}.()
< e et , nad D.0D4%4 1.2 Y
S, = 10x 0294 (0.T12) x0.24( L2284 T (2540
1?{} #f‘as {}uGL t} 3: ’*33;8
(9-57 800513
.szg'ﬁ*?ié 00074 & 315 :
gFet43 0.000851
o 544 5a92
078 O~TE6 |
T ?E’; «& 1b

= I8350 1b/ hr P40

8.vls

| | (35,
2570 (3-% Ia "5?{’ x 100

G, = 222 .
N (‘% &0 £5.4 ; L4 &{32
DG 0300 = 3:%‘335{3
(1, ) % ewdenle = . =  ID550
TRete T 12 x 0.0434 -
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1% is very cloce to the afs"zm,& value » uemc ve need mi; gwi2

G, =y G, = 2.84 = I8350 = 52500 b / hr £5°
A )
14) 7= LA 2;: 3’2"55} x 14d 424 tubos
TR pe x 52100 | o o
- : o g
\ o1 , - =
15 .@?:.:.'(’ 0.2.94 ){O DA 34N (HD\\( A5 )( : )
o 4.2b 25y I\ ooksz) Uil \o.osseiBNe
I 2 01 d
16y L= 10,86 w.ik %T—-i-;) lo;SO) 0- 7!2.) = =].963

;?}‘,_L_-'-.::. 0,969 “az i}?fiﬁ‘;! 5&”’geﬂg .§.()5.79?}‘40.7: 1,132/

. ¥ 16 - u ‘ "
18} of, = 192z 32 37,8 toke 32
i Ja4b
---------- e 1o " R & 7
19) et e 820l 5 22480 2 ogLg070
243) e uha?l mme that the pon<Clow dipmension found above ig .

i{iw:z.n ;;Jem.z. sahla zl.zzm:s .

3 s ‘ fi‘? - B SO .
21y m, o= =28 o 1,2 Cfeke Ty = 14
1 3 t: - "

As o chce aI; we note tha‘i;
3, < Ki}.’ii'S»"’Q,‘f—fS

o
i

2
%" 1£8-3(0.09 -0.0625)
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The ~-:liscz:'epanc?f ?:Sei:vsnan the ’m velues ig . However with

more soeurate da‘z;a the amcmpamy moy be omaller .

qmzm,z»iuon oﬁ' :&m héﬂ‘b*ﬁﬁ&.&ﬁ{;@"’” showe that the weight and
eepecinlly *i:hc vmzme s}f t?:m gecond Lymzwczmmx? is i‘:.“:’zallf’z?

only its non«Llow w*zet:zsv.e:z f in sa:zcz&m* invoer .

=

The heab-ezchangera 4o be uuc in aizvcyalft au%ondimﬁing
ugatemﬁ mist be leight, and olgo mva &zﬁll *Jamfnc. :;.nce leight
zsrez.ghi: ig preferable ﬁx} cémnactness 'mmm -i:,ype of hem*'mo::changerv

arve ased ia theoe apnaeaﬁwma

fe hove reached fhe eonclusion thak tho émmﬁezv of tuben
chould be as emall ag posuiblo. Ac this temls $o decresse weight
bind volume. The only liditation of diamctor boing mtrength o
It is beolt Lo decrease thoe fz@aaingéaf tubes as much as
jpousible. However 1% mqﬁims._egeemixm time and offort to moke
Little evror in the apaazngs if they axo narrows very accurate
apacings being mcésaés?y sim& the performance :ci‘ the healt=og-
changez nay m wory le.,h &zfi‘eﬁmu with ceurate opacing.
Also pood chape ;:r:enmmmemm ymﬁm&:—m Dp s Py =

Ag for i.hc £low wate of ihe Guumds gas it DAy be abobed
that it s’izmm bo s lzm;c z:;cass...blc ¢ Drovided thal the non-

£low dimension v:z.?.i, not Lo CK&;G.J"I.VQ@

Student : ‘ Date : Teacher:

RET tr prEraTapy




ROBERT COLLEGE Course Cfass: Page :
School of Engineering : izgs_‘. ?_{themig Omade IR 36

DEPARTMENT Lb. |" A piudy on optimm design cherachewictics
o Design | 0F compact heateexchongers used in aircralt
MECHANICAL ENGINEERING Thesis 'aitz’ncaggﬁzicning ms{;ggg b . : |

“he pumber 0¥ passes chould not be 0o larpo .« Becauce o very
1itble geln in volome and weipht io made at the cost of increaping

the non-£lour dinengion.

,Beeaamlé‘aianz; Eo iutuye WoTkae

- thether in~line tubes ox s%aggefarl f:a’ses ghould be pécfem&
muct be chocked by colving the same problem wish both hinds of
arvangenento.

Itu is desirable o derive amalogous recults for other type
surfaces Sploate Fiyy pin-fin, -maé;z:'i:s: muEfaces, ei:c;} and under
ﬁiffez*éﬁ% conditions. Once tho porformance chavecterinlics is
Inovn for cach type of surface onoc can seloct the best type of
surfoce according to periormance characherictics curves, and
then design oecoxding €0 ﬂze formilan akemy doveloped. Ho doubt
the prepavction ol all these curves regquives great deol of time.

Frobably yesws §

fiowevey, we belivve thuot, since the poxformances of various
ez:tcz_zde& curface iype Zmaﬁ«exchangem ore pinilar, the soluotion

- of *exéén e single problen with o parbiculowr extended suriace #z:i.l’-.ﬁ ~
indicate the thingo to do fo obfain “ihe dest hentwexchanges'

satisfying the given conditiong.
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m b= ? e 4
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Colonlation of mean gpecific vOlumoD.

Aspuning that the temperaiure varies linearly with area

From formuln (25) pp. 22, »ef. {I)

.. - T by 3

- ,
T ;b:i- - AT
= -~ N e IR
oz thg ton - 2 tom W e
? . ’E} E’En “3’ ﬁ‘s»
B o SN 4 Y - - - - N 5
R T &
V:?::. ‘i1 e 'i;..,t

Galculotlon of optimmn G, / G «=
{ , | | i
. _ 4 - — Lon si' .
- G, o ~, D. 6 -
el &

0'9{3 _ W‘- (;3{ NTU
Hence we phall minimise o_ A, G;'E’%. AL Gsz.-:f:

’ undoy the condition that iﬁ:’i;. and GG oobisfy the above ecquation
ok 13 be the Inprange miﬁipliéy* Goncidozr |

1

2.8 2.87 |
W A G 4 o L { !
¥ l/‘\,‘ P f\o G, +§( é)

ot

. $ 1 .

Fop minimm Powe sed D\'{; ) -
e :_‘O and &:3 / -—'-O
3¢ =

: ..i. % Se s Vgt ‘-Vr

AN

5
A ALK,
o : /\" Xa'
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Thic formula ic similar to foxmula (79) of ref. 3, oxcopt

f?;izaﬁ the conotants As LK 5 /\.‘ , ){;. ore now difforent .

Substituting the values of A, Xc LA K ; in the above

Tormla end sinplifying we gob

6" NGt TR o
a2l GO EAT e ¢ G () T(2) A
- AT g e

G,
s
9 { OAZ
2 j), [\Ni,:,}' i ‘D: ’
X g -“ ) ' i \ [ A
! ‘{:2 AT Bade JLZB(R ' t

- 5 s ' «  Pormulan (\;)g ??6335 vele (3:} -

vhore R im fih& bydraulic radius for the Tlow mowvmal %o tube

barks. It 40 given in dable 12, Rofe I =
3,118

i3

: ) . ) i b ol -3 1 o . G hid T . ;‘s'l'{? . i
% Y= —— (v:)'?b ’53}1‘31 ) (Dé)éiz(fﬁ“ (L"v‘ W)™
s = — . S BLICIN
U e ] Ty g : g .} 1y - : {0 i i
Gs (\53;3“\):“5“ il k‘(z L (.) ALy ’\Ls,-) (\AJ.{;‘,}; 3

vhich ie similar to eg. (8L) zeled

JDotermination of G.. G in forms of power locg.w

Singe

N - Q2.2 o . .; X L, i, \ ) 2
o 00230V w (f.. Xz.;,(}aa 2 TG RN, 'K,;Q) (;
e .

- " s T .
o g';,(u.,\\ ) fJU‘"’\) IS t

N = E Y N - . £
S‘ubﬁif?‘u‘?mj} Cﬂ; :._\é (C
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e
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0357 0.415
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W

03 ke
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Cre,
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