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Unit V Heat Exchangers
Heat Exchangers

* Heat exchanger is an equipment, in which transfer of heat
energy takes place from hot fluid to cold fluid.

Examp|es are: Automobile Radiators
Preheaters

Intercoolers
Boilers
Condensers
QOil coolers

Cooling Towers

 Some manufactures:
Thermayx, Forbes Marshall, TATA, Behr,
Alfa Laval, Paharpur
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Unit V

[Applications of Heat Exchangers

Heat Exchangers
prevent car engine
overheating and

increase efficiency )

Heat

exchangers are
used in AC
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Heat exchangers are
used in chemical Industry
for heat transfer

Heat Exchangers

GCOEARA Awasari Khurd



Unit V Heat Exchangers
Types of Heat Exchangers

Direct Transfer e Automobile Radiators, Oil Coolers,
type e Air preheaters,
(Recuperator): e Super heaters, Condensers, Evaporators etc.
Storage Type e Open hearth and glass melting furnaces,
(Regenerator): e Air heaters of Blast furnaces
Direct Contact e Cooling Towers, Jet condensers
Types:
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Unit V Heat Exchangers
Direct Transfer Type Heat Exchanger
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Unit V Heat Exchangers
Storage Type Heat Exchanger

Voo A
Hot Fluid e’cl‘tVl Cold Fluid G&‘/ft’

AL \l . [!!
Matrix of High Storage

Cold Fluidin— 2Lt

Heat Capacity Material Hot Fluid la_
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Unit V Direct Contact Type Heat Exchanger Heat Exchangers

\b/.

Liquid  Gases

Cooling Tower
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Unit V
Direct Transfer Type Heat Exchanger

Tubular Heat Exchanger (Concentric Tubes)

T.

Cl
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Unit V Heat Exchangers
Counter Flow HE
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Unit V Heat Exchangers

Cross Flow HE (One Fluid Mixed, One Unmixed):

Cold Fluid In (Mixed), Tci
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Cold Fluid Out, Tce
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Unit V

Cross Flow HE (Both Fluids Unmixed):

Cold Fluid In, Tci
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Hot Fluid In, Thi
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Cold Fluid Out, Tce
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Unit V Heat Exchangers
Direct Transfer Type HE (Shell-Tube Type )
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Unit V
Heat Exchanger

Cold Fluid
out

Cold Fluid
In

Hot Fluid Out Hot Fluid in
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Unit V Heat Exchangers

Compact Heat Exchangers

Area >700m?/m3 on
either or both
| ¥ sides

D, < bmm
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Unit V Heat Exchangers

Typical equipment
consists of a bundle of
parallel tube encased in a
cylindrical shell

L
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UnitV Some Important Aspects of HEs Heat Exchangers

ﬂ/ B \‘

Heat energy given by hot fluid = Energy gained by cold fluid (m.Cp. AT)hotﬂu,(JI
(m Cp AT)cold fluid GZQJKC L\O(Y\

\\;_7 :\/" Co lol ‘HUAKO' <— HCD‘\_ ‘F(LAH
[ N\ @S

In direct transfer type HEs, transfer of energy takes place across the wall of

metal and ra eat flow can be estimated using the term ‘ Over All Heat
Transfer’ as:|Q=U.AAT | | _ | ] ’ R 1ok

=0x | L T .
< ¢ Kt A SV Jnt SRl < %}/L/@'
o ' 71 4 RS
In HEs, AT varies across the length of HE, therefore, while -applying above ¥ | — ' -
formula, some mean temp difference has to be used. \/v% S
< - Qs=mGAR
Surfaces of HEs get coated with deposits with passage of time resulting in | = -
deterioration of performance. The effect of deposits/scales is represented by QL - mM \ﬂf—%_
FOULING FA which has to be added to other thermal resistances for — =
evaluation of over all heat transfer coefficient. > Condense
Ernvaposadces
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Unit V Heat Exchangers

Representative Values of Fouling Factors

Fluid Fouling Factor, m2-K/W
Seawater and treated boiler ]WOOQ
feedwater (<50°C)

Seawater and treated boiler W
feedwater (>50°)

River water (<50°C) 0.0002-0.001
Fuel oil 0.0009
Refrigerating liquids 0.0002

Steam 0.0001

L™ € iy e
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Unit V Analysis of Parallel Flow HE

e Heat transfer takes place
only between two fluids

e U is const through out
* C, of fluids are const

e No temp gradient across the
wall T

* No change in KE & PE of t
fluids

Heat Exchangers

ci

* Consider HE, in which heat is transferred acrass an ﬁea A
width B and length L. Cvm"’ c. @‘o\" g CPC’ / —_:"‘";Z}e
| ) Ce

* Let flow rates on hot and cold sides be m, & m_ respectively
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unitV  Analysis of Parallel Flow HE Heat Exchangers
N~

Thi- hot fluid temp at inlet A=B.L

The- hot fluid temp at exit

Tci- cold fluid temp at inlet

Tce- cold fluid temp at exit

From the Fig, temp diff at inlet is
max Ati and min at exit ATe.

Consider an elemental
area dA at distance x of length dx.

Let the temp at the beginning of elemental area be T, and T_
and let the change in temps while they flow over area dA be
dT, and dT_as shown in Fig.
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unity Analysis of Parallel Flow HE e b

" A=B.L
For steady state conditions, o /
_ — T L
Rate of Heat Transfer = Ra.te of change of Tha—LI m—> | ;JA: / Ii T,.
Internal energy of the fluid . 1, |
T, — T L
Therefore @ “——>m, > Tee
? B —l I_

|
Q=U.dA.AT‘/ dk —> X de_
[
:

T T
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unitV Analysis of Parallel Flow HE Heat Exchangers

Substituting values of dT, & dT_ from eqn..(1) in (3), we have; W 07 -
oaqy _ U-GAAT U.dAAT d(AT) 1 1\ L7 < MQedCay
( ) B —my,. Cph - me. Cpc AT - <thph * mcCpC> . U Bgd;ic
W\/

(Bre) L
d(ar) _ 1 1 ATe ( 1 1 )
Integrat ! - U.B|d OR [InAT]ATe = — + U.B.L
ntegrating (m C T mCCpC> J x [ ]A’Ijl thph mcCpC
f de— o

\n&/‘\"’\l’\ﬁ_‘e </\TQ>

7

/K\ 1 1 ATe 1 1
OR InATe—InATi= = -t )UA Or In|-—|=—= + U.A......... (4)
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Unit V Heat Exchangers
VQ= VY\CPA_( —> asre=lyn . appro

Analysis of Parallel Flow HE |
Ty Aleat {Ce/v—ﬁ : MTb\\

Also, Q =muCyp(Thi — The) = M Cpe(Tee — T¢i) A e ﬁma‘ra \
) hYph\ ! hi he cbpcllce ci —[’ —fbhe _
— [ Tee ﬁ%h el il
Ll TumTe, 1 Te=Tq To/ Lo Lae S F
mpy Cph Q me Cpc Q U A— ] (fz 6?—5
—
Substitutingineqn....... (4), We have; Aﬁ(, AT“;\ Re o] A<X/
1n<&>__<Thi_The+Tce_Ta U A Q—r\/&,\ ’IQ"’> * Cf"{’{ —th€’> ~
ATi) ~ Q Qe ) r — Ko
/V\v\\,\((’\;\ \/V"ﬁ?c \ ((r\*’; — e + e —‘—(’C’t‘) Vs @
-U. A L’—)
OR Q= —7a [(Thi = Tei) = (The = Tee)l bt ~ =
In (A—T‘l’) ALY N
Q= =0 T (AT
(
\\ 03 ‘T-eAMF ﬁe>

' Heat Transfer by R P Kakde GCOEARA Awasari Khurd



Unit V

Analysis of( Parallel/Flow HE

N

ATi — ATe

i)
ATe
Q =U.A AT,
Fromthis exp & ression Qcannowbecalculated

, ATi — ATe
Comparingwehave; AT, = AT
— In (—)
ATe

Since AT, contains log term, it is called
Logarithmic Mean Temp Difference (LMTD)
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Unit V Heat Exchangers

Analysis ofmmw HE o A=B.L
~—— Thi - my—> : : = The
e me < T
e Heat transfer takes place only between —> X ' dx | ) S
e two fluids o
| I

e U is const through out T
e C, of fluids are const

e No temp gradient across the wall
e No change in KE & PE of the fluids

® Consider HE, in which heat is transferred across an area A of
width B and length L.

* Let flow rates on hot and cold sides be m, & m_respectively
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Unit V Heat Exchangers
Analysis of Counter Flow HE

Consider HE, in which heat is transferred across an area 1 L L
A of width B and length L.

Let flow rates on hot and cold sides be m, & m_
respectively

For steady state conditions

Q=U.dA.AT
=mh.Cph.(‘dTh)
=mM.C,e.(-dT).......(1);
where dA=B.dx
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Unit V

Analysis of Counter Flow HE

d(AT) _ 1 B 1 U B. dx
AT thph mCCpC I
ATe L
Integratin J @ = — - — . U Bjdx
PIYNng AT MnCon  MCpe)
ATi 0

1
= U.B.L
thph mcCpc)

OR [InAT]4E¢ = — (

\ ATe\ 1 1 U A "
D\ ) = ot cCs) Y (4)
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Unit V

Analysis of Counter Flow HE Thi = 9o

Also, Q = thph(Thi - The) - mccpc(Tce - Tci)

Heat Exchangers

T(e? \
\\ TL\Q: rg’@(.

50 —(36)  Tea=am,

1 . Thi = The 1 . Tee = Tei

- = +50
= thph Q mccpc Q w/—
Substitutingineqn....... (4), We have; Tl ,—Tb\c
1 AT; Thi = The Tce—Ti U. A \——_;‘\/_\7
n AT 0 - 0 :
va 7 )
OR Q= AT, [Thl The — Tee + Teil (g\:
In ( AT ) I

' Heat Transfer by R P Kakde

&ﬂ v - Of

U-A- AT +N T

[ ( AT, /\’T{>

GCOEARA Awasari Khurd




Unit V

Analysis of Counter Flow HE

U.A

Q= AT [(Thi - Tce) - (The - Tci)]
In (A_Te)
ATi — ATe
= U. A. - (ﬂ) = U.A.AT,,
ATe

Comparingwehave; AT, = 1 (ﬂ)

M\ ATe

Q now can be calculated from the expression:
Q=U.A.AT

 Heat Transfer by R P Kakde
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Parallel Flow | Counter Flow

ATi - Thl - TCI
ATe=T,.- T,

ATi =Ty~ Tee
ATe =Ty~ Ty
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Unit V Heat Exchangers

. 9,
Counter Flow HEs AT, —jS - —
LMTD — w DX O
—
Ne
§ — b (D
A special case of Counter Flow HE occurs when the Capacity
Rates on the two sides are equal: _ M
: - — Al
| Teete) AT, =ATh
ATi — ATe _ — T -
Hence AT, = AT will become In 2 det & er & min & 2 ate — hi—The
In—— - ; _
ars Ndeeroinad— \
This can be solved by applying L’ hospitals rule and it can be

shown that ATm=ATe=ATi_——> Aot g prc J—f,vw(g sn's
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Unit V Heat Exchangers
Cross Flow HE

In both parallel and counter flow HEs, temps
on both sides vary only along the length of HEs
and are function of single variable, say x. This
is not so in case of cross flow HE.

It is obvious that T, & T_ are W
\

and y and exit temp profiles-are not uniform
Determination of LMTD involves double
integration and becomes complicated
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Unit V Cross Flow HE Heat Exchangers

Some of these are:
Study and development of e - Both fluids unmixed .
relations for cross flow and for e - Both fluids mixed
many other types multi-pass flow * - One fluid mixed, one unmixed
arrangements was carried out by * - One Shell & Two tube passes ( and C_,)
Bowman, Mueller and Nagle multiples of 2) . -
! \g e - Two Shell passes and multiple tube N T
passes \
Under these conditions, heat —_
transfer rate is calculated as: (& A A _F
o Q=U,A@(%)Counterﬂow , Where Fis L— — l
correction factor, which graphically

determined with the help of two Coyth,h n
parameters R and S N 7LQ T,

—_—
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Unit V Heat Exchangers

Direct Transfer Type Heat Exchanger

Cross Flow HE (One Fluid Mixed, One Unmixed): Cold Fluid In (Mixed), Tci

Z \ N NS

= —t N N /7%& [ [ [ 3 o
b N\ \ /~J/ A J =
LI N o
c - @
= O \)4 //'u 7 ) > -
< / \/\JQ\ \\>(/ \ 5
S > &
E N R
E e > \// J g

ooy v

Cold Fluid Out, Tce
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Unit V

Cross Flow HE (Both Fluids Unmixed):

' Heat Transfer by R P Kakde

Heat Exchangers

Hot Fluid In, Thi

el L . .
\Qﬁgold Fluid In, Tci
_O ! - ﬁ—) @
'.—
—{ L 0 3
0 Y-
\/ v A J é
) >
[\ > \ > =
\ J
v
v v v v v v v

Cold Fluid Out, Tce
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Unit V Heat Exchangers
L0-42 WleA Wf

Cross Flow HE 3 —j; 0
_ 80 —90
I VAL WO P S Gl LI
- ) g —
Tze — T2 Ty — Ty 0
S— 9 —1d
Subscript 1 must be assigned to MIXED fluid, in case one fluid — S’o\_ =
is mixed and other is UNMIXED. In other cases, any subscript T = %0 "'0 Fo
can be assigned to any fluid. ~| \ = 0.2
I \
-‘1\: o TZQ"%O
T
Tie= 4,
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Unit V Heat Exchangers

Special C f HE 7 er 2
pecial Cases of HEs -
Y hi | ’3

Two special cases occur, when the product of the flow rate and specific heat (rﬂgp) is M hfj
INFINITE eith hot ld side. T

either on hot or cold side — —_ \r}e
This happens when one of the fluids changes phase @ﬂfondw ‘s
calculated as Q=mA. —— 6'1 gl llodce

th\ph(Thi - The) =mg pc( )

For Condensation: T,; - T,,=0 as T,;,= T, \\
\

Since LHS = RHS and T,, - T, =0, Therefore thh- ooj

@Napusaiey
b, P 'ﬁ,\\f‘[ak '\‘TQML(*’%W A
' )vs"’c e > X
g V2 ci sy T T
1] &},,%J;Io“c andensation
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Unit V Heat Exchangers

NotT l'\o
T — e T 2o
Temperature Profiles& T
MR T
/ ce |
..~ |
“" parallel Flow Counter Flow ' -
vV A
Thi > The T,
\ TCE \\
| The
L Vv
Tci Tce
Tci
Condensation Boiling
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Unit V Heat Exchangers

NTU-Ettectiveness Method el CTee e,

2 unlipom g — Z,eé(m: LY\}\ CN’\ (T’\\—YH

* While designing and testing, two types of problems are required to be
tackled: >

e For the two given fluids, mass flow rates and inlet & exit temps are
specified, and size of HE is required to designed for specified performance.

* For given HE, only inlet temps and mass flow rates of the twe-fluids are
specified and exit temps are required to be found out. This type of problem
is basically evaluation of performance of a given heat exchanger.

e First kind of problems can be solved by LMTD method but second type of
problems can not be solved by LMTD method.

e To solve the second type of problems,NTU-EffectiveneE\ is used. However,
first type of problems can also be solved by this method.
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Unit V Heat Exchangers

NTU-Effectiveness Method

* For this method,-3 parameters will be defined:
1. Capacity Ratio (C): Itis defined as the ratio of heat ch - m(p

—_—

capacities of the two fluids and is given as: ™ (
Flaekt_ o o)
C = ( p)small . lo<c<1 ? 0 —> - NP = 1ov
=43 _ ~0-9
(m )l_’ g o C.__ l /J -
arge’e cND)
2. Number of (Heat) Transfér:i)rirt@(NTu) Fud ’L m X CP
TU = = =
(me)Small (: YY{L ]O @:(/“' M . 1 e AQ B
* For specified value of U/mC_, NTU is the measure of actual leroo o = O VO A }

heat transfer area A or size of the HE.
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Unit V Heat Exchangers

NTU-Effectiveness Method A 0% _
Att =
3. Effectiveness (&) Q . MH«-ﬁL;__Tu{)
. IV . ~
_ Wv'\?\ Zm C,)Sm«_u (TL\.; ——TT@)ﬂTC@ -\Q
- ) 7 / /..Qé‘
ActualHeatTransferRate(inHE) v -

Effectiveness(¢) =

MaxPossibleHeatTransferRate(inHE) v l

* Max heat transfer will occur when one of the fluids Lo o/

undergoes max temp change. ;
/7)\ T ’%/K -Z-v% g N f

* When Q =m,C,,(T}; - Tp) = mC,(T.-T,), obviously the fluid

ce d

having smaller heat capacity will only undergo max temp fex [A S & < 1
in HE. N
(mC,AT)
Hence & = hot or cold _ C) < % < «\

= (.mcp)small(Thi _ TCi) -
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Unit V

NTU-Effectiveness Method

3. Effectiveness (g):

* For (mC,),,<(mC,), :

* For (mC,). < (mC,),

' Heat Transfer by R P Kakde

&

&

_ (meAT)hot or cold
(mCp)_ . (Thi = Tei)

_ (me)h(Thi - The) _ Thi - The
(mCp), (Tni = Te)  Thi = Tei

——— /

. = (me)C(Tce _ Tci) _ ?g — T
(mCp) (Tni = Te) | — T

Heat Exchangers
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Unit V

NTU-Effectiveness Method For Parallel Flow HE

e Let (M

iﬂh < (me)C

Hence C =

(me)h A% C().(W\a.M

(me)C il L.

"G larg
* Since (MC,)n(Thi-The)=(MC,)(Tee-T)

. (mcp)h . Tee — Tgi —C (1) /

) (me)c - Thi - The

~ (MCp)n(Thi = The)  Thi — The

And &= —
(MmCp)n(Thi — Tei)  Thi

' Heat Transfer by R P Kakde
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l / | £Te

Parallel Flow
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Unit V
NTU-Effectiveness Method for Parallel Flow HE

Letusobtain T, & T, intermsof T,, & T, :

Thi The
From egn ...(2), we have, = T = Thi _T+T ......

And from egn...(1), we have, T.,—T.,=C.Ty —C.The

Tce = Tci + C'Thi - C'The

Putting value of T from eqn... (3)

™. T
T.o = T — 81 + Se +CThi=CThacrrese: (4)

' Heat Transfer by R P Kakde
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Unit V

NTU-Effectiveness Method for Parallel Flow HE

Here & ATl =Tpi — T

—

Thi T,
ATi = Toy = (T =~ + =)

AT m Thi = The | _—

5
And ATe =Ty — T

Substituting T., from eqn...(4), we have,

Ty T
ATe = Ty, —(Thi—%+%+C.Thi—C.The

Ty T
ATe =The—Thi+%—%—C.Thi+C.The

' Heat Transfer by R P Kakde

)
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TT

ATi The
Te

L lce

Tci

Parallel Flow
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Unit V Heat Exchangers

NTU-Effectiveness Method for Parallel
Flow HE

T. T
ATe = Tyy — Ty + -2 — 2 C. T + C.The \—

& &

1
ATe = - (Thi = The) — C(Thi — The) — (Thi — The) \/

1
= (Thi = The) (E‘ ¢~ 1)

Heat balance eqn for hot fluid,
(mCpAT), = U.A. AT, = Q

ATi — ATe

: (ATi)
N\ ATe

' Heat Transfer by R P Kakde GCOEARA Awasari Khurd
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Unit V Heat Exchangers

NTU-Effectiveness Method for Parallel Flow HE

ATi — ATe

(mc,) y (Thi = The) = U. A.

()
N\ ATe

Substituting values of ATi & ATe
in above equation, we have;

' Heat Transfer by R P Kakde GCOEARA Awasari Khurd



Unit V Heat Exchangers

NTU-Effectiveness Method for Parallel Flow HE

(Thi = The)
(Thi - The) In £ 1
(Thi = Tae) (g = € = 1)

NTU =
Tri — The 1
ThizThe — (1 - Tho) (5 - € - 1)
/e
(Thi — The) In [1/ _C_ 1]
NTU = &

(Thi = The) E ~(Ye-c- 1)]

' Heat Transfer by R P Kakde GCOEARA Awasari Khurd



Unit V

NTU-Effectiveness Method for Parallel Flow HE

ln( 1 )
NTU = — 11_68_8 OR
E_E+C+1

1 1
N _ _ ,NTU(1+C)
TU(1+ C) 1n(1—Ce—e>=>1—Ce—£ e

1—Ce—e=e MHONTU o (1 4 ) = 1 — e~ (L+ONTU

Z

vV o~
1 — e—(1+C)NTU

1+C

' Heat Transfer by R P Kakde
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Unit V

NTU-Effectiveness Method For Counter Flow HE

*Let (mC,),, < (mC,),

(me)h
(me)C

*Since (MCp)(Ti-The)=(MC,)(Tee-Tei)

Hence C =

. (me)h . Tee — Tei _
(me)c Thi - The

~ (MC)n(Thi = The)  Thi — The

And ¢ = =
(MC)n(Thi — Tei)  Thi — T

' Heat Transfer by R P Kakde

Heat Exchangers

T
ce \ ATe
Tci

Counter Flow
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Unit V

NTU-Effectiveness Method for Counter Flow HE

letusobtain T, & T intermsof T, & T, :

T Ty
T =Tt == =75

From eqn ...(2), we have,

T, Ty,
=>Tci=Thi—?l+?e ......... (3)

And from egn...(1), we have, T.o — T = C.Ty; — C.Th,

Tce - TCi - C'Thi - C-The

Putting value of T, from eqn...(3)
Thi  The

Tce =Thi__+_+C'Thi_C'The .....

£ £
' Heat Transfer by R P Kakde
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Unit V Heat Exchangers

NTU-Effectiveness Method for Counter Flow HE

Here @ AT; = Ty; — Tee; Onsubstitutingfrom eqn(4), wehave

T,; T
ATi = Tp; — Ti; +%—%— CTy; + CThe
(Thi_The)
= —C(T,; — T
< . (hl he) Thi
= (T); — T —=C)eiinnnnnn. 5 .
(hl he)(e ) () ﬂTl

And ATe =Ty, — T, Tce ATe
Substituting T,; from eqn...(3), we have, T.
Ci

Tni The Tai—T
ATe = Ty, — Ty; + :‘— ’:= M - 28 — (Thi = The) Counter Flow

1
ATe=(Thi—The)(g—1> ....... (6)
' Heat Transfer by R P Kakde GCOEARA Awasari Khurd



Unit V

NTU-Effectiveness Method for Counter Flow HE

Heat balance eqn for hot fluid,
(mCpAT), = U.A. AT, = Q

ATi — ATe

NED
D\ ATe

(mcp)h(Thi —Tye) = U. A.

ATi—ATe ~ (mC,), oo

Heat Transfer by R P Kakde
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Unit V

NTU-Effectiveness Method for Parallel Flow HE

Substituting values of ATi & ATe
in above equation, we have;

(Thi = The) In

(T~ Tho) (£ C),

T =Tod (5= 1),

NTU =

(Thi = The) (% = C) = (Thi = The) (% = 1)
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Unit V Heat Exchangers
NTU-Effectiveness Method for Parallel Flow HE

Eﬁ - 1] . =

NTU = -

(%—C—%+1) =€

OR In ll—eC] — (1 — C)NTU
1—¢

OR 1-&C — o(1=CNTU
1—¢
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Unit V

NTU-Effectiveness Method for Counter Flow HE

_ 1 -
1-¢C _ L(1-CNTU N £ _ o—(-ONTU

1—=¢ 1—¢&C

OR

OR 1—¢e=(1-¢C).e"(1-CONTU

— e—(l—C)NTU _ ECB_(l_C)NTU

OR 1—e (A-ONTU = ¢ _ ¢ (¢ e~ (1-ONTU

=¢[1-C. e_(l_C)NTU]

1-— @——(1——6))NT'U

“ &= 1 — Ce—(1-ONTU
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Unit V Heat Exchangers

Cross Flow Heat Exchangers

1.0
T 0.8

0.6

0.4

0.2
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Unit V Heat Exchangers

Special Cases

Case-l: C=1 & Counter Flow Arrangement ;
I.e heat capacity is same for both fluids

Putting C = 1 in equation
1 — e~(1=ONTU

— — — — — i =
&= T o-G-ONTU’ we get O=>In<. det @ er & min 2 ate

Hence by applying L'hospital’ @ s Rule,
NTU

1+ NTU

We get ¢ =
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Unit V Heat Exchangers

Special Cases C = VG tmer ) =
v
Case-ll: C=0 (Condensers & Evaporators)

* When any of the two fluids changes its phase, its temp
remains same; hence its heat capacity can be assumed as o°.

* So, in case of condensers........(mC),=2= ; i,e (T;- T,,.)=0

* And, In case of Evaporator......(mC,) =2°; i.e (T-T;)=0 E:m

* Therefore, in both the cases,
* |In such cases, flow direction of fluids is immaterial

* For Condenser.....(m)\)h=(me)c *For Evaporator.....(mA) =(mCp),

' Heat Transfer by R P Kakde GCOEARA Awasari Khurd























































































