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Heat Exchangers

O iy

» Used to transfer energy from one fluid coatd
to another /

 Typically one fluid is cooled while the

other is heated

May have phase change: temperature

Cold
of one or both fluids is constant . ﬁ o W .
!

/

Simplest is double pipe heat exchanger g . Ig == ajad

— Parallel flow and counter flow

‘ Figure 11-1 from Cengel,
Cold C“]t“ Heat and Mass Transfer
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(a) Parallel flow (b) Counter flow

Compact Heat Exchangers Compact Heat Exchangers |l

« Have large surface area for heat « Compact
exchange per unit volume heat
— Achieved by use of fins exchanger
— Car and truck radiations best example in home air
— Operate in cross flow conditioner
— Fluids said to be mixed or unmixed — Refrigerant
in tubes, air

« Mixed: one flow passage for the fluid

« Unmixed: several flow passages through fins

California Seate University
Nort]lridge Figure 11-2 from Cengel, Heat and Mass Transfer
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Compact Heat Exchangers Il
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Cross-flow Q C:) Cross-flow —|=
{unmixed) (mixed) |
b I
NP |
~ S |
M .
Tube flow Tube flow
{unmixed) (unmixed)

(a) Both fluids unmixed (b} Cme fluid mixed, one fluid unmixed
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Ngrt]]ridge Figure 11-3 from Cengel, Heat and Mass Transfer
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Shell-and-Tube Exchanger
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« Counter flow exchanger with larger
surface area; baffles promote mixing
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hOI‘t]Irld!‘e Figure 11-4 from Cengel, Heat and Mass Transfer

Front-ens
header

Tube and Shell Passes

 Previous chart showed one shell pass
and one tube pass

— No cases where flow changed direction
completely
* Number of shell or tube passes is the
number of times a fluid in the shell (or
tubes) flows in a reverse direction
— Examples next charts

Califoeni Seate University
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Shell and Tube Passes Il

Shell-side fluid
In

Tube-side
flud

p—w Chut
(¢ I

D= In

Tube flow has one complete
change of direction giving two
tube passes

(a) One-shell pass and two-tube passes

Ot
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Shell and Tube Passes llI

Shell-side fluid
In

Tube flow has
three complete
B out changes of

- direction giving

C I .
(—D :-rI.LC.Ill:.‘ four tube
(c

fluid  passes

D -
In " Shell flow
changes
Out direction to
give two shell
le Two ~Ju,]l passes and four-tube passes asses

hort]‘nd&e Figure 11-5(b) from Cengel, Heat and Mass Transfer
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Overall U

Cold_
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U is overall heat
transfer coefficient
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Heat Exchange Analysis

April 18, 2007

* Heat transfer from N
hot to cold fluid Q=UAAT

« First law Q mcc ( cout Tc,in)
energy B
balances Q - mﬂCDh (Th,in _Th,out)

e Assumes no heat loss to surroundings

— Subscripts ¢ and h denote cold and hot
fluids, respectively

— Alternative analysis for phase change

Callifoeniz State University
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T
Tuin 30 = 1T, - T,) dA, | .
Analysis
| hout
AT,
"= For no external heat
L transfer, combine three
" 1 1A =T T . . .
L Uan-1 -1, €quations for differential
L — . area, dA, and integrate
|
|
|

r.  fromlto?2
ot | dA‘ .
e e dQ=U(T, ~ T, )dA

f N
Cn?‘l:'lnmd dQ — _m]cph dTh
Callifoeniz Seate University

hgrthr'd!‘e Figure 11-14 from Cengel, Heat and Mass Transfer

0= T(T, - T,) dA,

Analysis Result

=« Parallel flow heat
', ', exchanger with no
Lan-1-1, €Xternal heat transfer

T, /A
| ! o
e x Qeua,
| oo _ _
ﬁ“; I/——-;I’&“L‘R . ATy = ATZA TAT1 _ ATy A_IA_TZ
.~ = o In| =2 | In| =1
AT, is “log- AT, and AT, are
oo mean delta T" botlh T, - 2
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30 = 1T, - T,) dA,

Analysis Result Il

— " Parallel flow Q=UAAT,
‘ heat exchanger

= Tﬂ:o‘u(_ T om _ ATZ - ATl _ A-I-:l. — ATZ

|
i-—dA, T A, Im In(ATZJ In[ ATIJ
1 T e —
Hot | L ATy AT,
11\qu — - TE{
h ] _ (Th,out _Tc,out )_ (Th,in =T )

Thoa T
Cot\:lfﬂmd In w
" hin ~ fc,in

Gin
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cin

AT, =T =T,

Counter Flow

- Hot fluid

Same basic equations

— Difference in AT, and
. AT, definitions

Q=UAAT,, = uall2 AT

AT =Thin = Toou Ty Cold |n[ ATZ J
} fuia ATl

Hot
fluid -—

AT

|
Cold

fluid T

I,
¢ o ., Figure 11-16 from Cengel,

hOft]lrld!.,e Heat and Mass Transfer Th,in - TC,OUt

P — y _ (Th,out _Tc,in)_(Th,in _Tc,out)
: ’—1 Tyt ATIm =
In Th,out _Tc,in
17
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What if AT, = AT,?

» Apply I'Hopital’s rule to show that AT,,, =
AT, = AT, in this case

ATy -AT, . AT, ATy

Lim ATm= Lim T IM 7 AT

AT,-AT;—>0 AT-AT,>0 |l 222 ATZ—ATl—>O|n 2- AL +AL
ATy ) AT

- Lim —1 1 °An
ATZ A0 ———— )
ATZ - ATl

AT,-AT-0 |y

= Lim[1+

constant AT1 in denominator
I\orthrudg.,e R

Califioe 18




Heat Exchangers April 18, 2007

Heat Exchanger Problems Problem
* With AT, method we want to find U or » An counterflow heat exchanger with U =
A when all temperatures are known 200 W/m?.°C is to be used to cool 1 kg/s
« If we know three temperatures, we can of oil (c, =2000 J/kg-°C) from 100°C to
find the fourth by an energy balance 30°C using 3 kg/s of water (c, = 4184
with known mass flow rates (and c,’s) J/kg-°C) at 20°C. What area is required?
( ) Can find Q from two * Given: T, ;, = 100°C, Ty, o, = 30°C, T,
Q ”};C c out Tc,in temperatures for one = 20°C, U = 200 W/m?2-°C, Cpec =4184
_ o stream and then find J/kg-°C, c,,, =2000 J/kg-°C, m, =1 kg/s,
Q I’T’thh Thin = Th.out unknown temperature and mbzgp'r(g/s_ Find: A
Northridge 19 Northridge ©

Solution Solution Il
 Equations: T T )T ~ (Thout = Tein)= (Thin—Toou)
Q UAAT|m—UA( h,out — c,m) ( h,in cout) AT = Th,out*Tc,in =
[ [Thout Tch In T T
n # hin ~ 'cout
hin ™ ‘c,out (30°C7200C)7 (1OO°C731.2°C)=30 50C
—mcC (cout cm) mncph(Thln Thout) | 30°C-20°C .
1kg 2000 J J 100°C -31.2°C

Q= wcph(Th.n Thout) o0 (100°c 30°c):14oooog Vs

. 140000= >
o v - on =
__Q _ 0 A= A=229m

0 Ty T Eg Ay o U Z0W (g goc)

Northridge ’ s kg°C & Northridge m?.°C 2

Other Configurations Correction Factor
* Use correction factor AT, = F AT, cr « Correction factor parameters, R and P
e AT, cr =is AT, for counter flow — Shell and tube definitions below
T, . _
AT, _ (Th,out _Tc,in)_ (Th,in _Tc,out) P= tube out twbein = f2-h
ImcF = T Tenaitin = Tubein~ T1—h
,out cin .
|n[_|_hm__|_cwj R Tshall,in — Ttubeiin _h-T mcp)tube
F.o depends on temperatures on tube Tubeout ~Tubein  t2 =4 (mcp)shdl
Slde (t,, and t,) and shell side (T,, and — Correction factor charts show diagrams
T,.) through two parameters, R and P that illustrate the equations for P and R
Northridge ® Northridge “
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{a) One-shell pass and 2. 4, 6, ete. (any multiple of 2}, tube passes

T

Lo,
California Stase University ‘ﬁ':n Figure 11-18 from Cengel,
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{c) Single-pass cross-flow with both fluids wnmixec

California Seate Lniyersity Figure 11-18 from Gengel,

Northridge Heat and Mass Transfer
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{b) Two-shell passes and 4, 8, 12, etc. {any multiple of 4), tube passes
T
California Stase University % ) Figure 11-18 from Cengel, 2
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{d) Single-pass cross-flow with one fluid mixed and the other unmixed
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Effectiveness-NTU Method

» Used when not all temperatures are
known

* Based on ratio of actual heat transfer to
maximum possible heat transfer

« Maximum possible temperature
difference, AT o IS Tpin — Tein
— Only one fluid, the one with the smaller value
of mcy, can have AT,
— Define C; = (mcy), and Cy, = (mc,),

Californi Sate Universi

Northridge

29
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Effectiveness, ¢
= .Q = Q
Qmax Cmin (Th.in _Tc,in)
e In effectivgness—NTU method we find ¢,
then find Q = €Q, .,
—Use C;,ATax t0 find Q.. because C,AT,
= C,AT, or AT, = C,AT,/C,
—If AT, = AT, and C,/C, > 1, AT, > AT,

— ChinAT hax IS maximum heat transfer that
can occur without impossible T < Tc,in

Californi Sate Universi

Northridge

€

Crin = min(cthC)

30




Heat Exchangers

20°C Cold
25 kals water Max
4.18 kl/kg-"C
Hot W In example, AT,
ol | e AToil and ATwater

—=

130°C ‘TJ [ = (92) AT o/

40 kgfs 104.5

D 3 ke
.3 klkg~C If we used

€, =iy = 1045 KWFC CrnaxATmax t0 get

N Qumax = (104.5)
Ch = mecpy = 92 KWHC (110) = 11,495 kw
Cpin = 92 kKWPC then AT, =

ar. =7, 7 —noc  (1045)(110)/(92)
e = 124.9°C > AT,

O = Conin AT = 10,120 kW

April 18, 2007

100 | |4V‘___,_...___
g T Find ¢
80 0 “'"w
- Er_—-‘" Example chart
B / [\ N . .
¥ e 100 for finding
A ;/ [ effectiveness
g L ool 1'.d from NTU =
3, 40 | l hell flud i UA/Cmin and.
& . = : o Croin/Crnax ratio
20 // T — | " ForNTU=15
= Tube fluid ll 4 and Cmin/Cmax
0 L L I 1 1 1 | 1=025¢e=.7
1 2 3 4 5
Number of transfer units NTU = AUIC_ Figure 11-26 from
Cengel, Heat and
Mass Transfer 32

{c) One-shell pass and 2, 4, 6. ... tube passes

Effectiveness Equations

* Double pipe parallel flow NTU = A
Tube L —NTU (1+C) m
fluig =3 . 1-e
E=—— ———
} Shell fluid 1 + C C R
« Double pipe counter flow c= Cmim
o Shell fluid J 1 _ NTU (1—C) max
luid, L E= —€
e
7

l'_.r||f|'|'.| Seate University 33
NOI‘t]II‘Id!.’.e Figures from Figure 11-26 from Gengel, Heat and Mass Transfer

More Effectiveness Equations

¢ Shell and tube One shell pass
J, Shell fluid

and 2, 4,6, ... C=—"
1 tubepasses Crnax
= Tube fluid 4 -1
14e NV 1+c?
1— e NTUVL+c?

e=2{1+c+V1+c?

« Any geometry withc =0 UA
c=l-g NTU

Califieni Seate University
’ i 34
NOI‘t]II‘Id!.’.e Figure from Figure 11-26 from Gengel, Heat and Mass Transfer

Problem

» An 25 m? counterflow heat exchanger
with U = 200 W/m?-°C is to be used to
cool 1 kg/s of ail (c, = 2000 J/kg-°C) at
100°C using 3 kg/s of water (c, = 4184
J/kg-°C) at 20°C. What is the oil outlet
temperature.

» Given: T,;, =100°C, T_;, = 20°C, U =
200 W/m2°C, A = 25 m?, ¢, . = 4184
Jkg°C, c,, = 2000 J/kg-€; m, = 1 kgls,

and m, = 3 kg/s.  Find: Ty o

35
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Solution
o - _1kg 2000 _ 2000 J
RS kg%c s 2000 J
c o _3kg4184 125523 Cmin=" oo~
¢ s Kkg°C  s°C
200W (o 2 2000 J
UA m(zs ) c. oo
NTU = = =25 _~mn __sC
Crin ~ 2000JW:s Cox 125527
s°c 1J s°C
=0.1593
Roriheidze o
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100 T —
| B e
80 % :/j/fffr_ Chart ¢
- &0 |
® v7 “{/-”’ From chart
4§ e Sl for counter
g o’ flow:
2 ! _
£ 40 shellfid | NTU=25
[
el Tube ]T C../C —
o . N min’ ~max ~
e e =W
,| €=0.89
/ b
0 1 I I I I I 1
1 2 3 4 5
Number of transfer units NTU =As[-".l'Cmin

37
iby Counter-flow
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Effectiveness Equation

Q= ngax = &Cpin (Th.in _Tc,in): 0.895

¢ For counterflow heat exchangers ( ¢ =
Conin/Crnax) 1—e NTU (1-c)

& NTU (1c)

1-ce
1— e—2.5(1—o.1593)

£ 0.1593e 250-01593
2000 J

s°C

y= 0.895

fLooec - 20°¢)

0=1.43x10° J 1431w
€

38
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Outlet Temperatures

* Use basic energy balance equations to
find outlet temperatures from Q

1.43x10° 2

Q _ 900 S _ 0
e =20 C+7&4184J_31'4C

Pc
s kg-°C

Tc,out :Tc,in +

1.43x10° 2

Q 0, S 0
Thout = Thin ———— =100°C - ————5-=28.4°C
nout N e 3kg 41847

s kg-°C

r_.rhrm- 1 ate Lniversity 39
Northridge

Problem Comparison

ME 375 — Heat Transfer

e Comparing examples

—The AT, and e-NTU examples had the
same mass flow rates, heat capacities and
U values

—The &-NTU example had A = 25 m?
compared to A = 22.9 m? for AT,

— As expected, slightly larger area gives a
slightly larger temperature change

« Oil cools from 100°C to 30°C with A = 22.9 m?
and to 28.4°C with A = 25 m?

r_.rhrm- 1 ate Lniversity 40
Northridge




