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/-Thermal sizing of compact heat exchangers
A-Given data

1-Side (1) and side (2) surfaces (based on Ka
& London book)

2-All temperatures either given or it can be
calculated

3-Mass flow rate for both sides

4-Fluids and its properties

5-Allawable pressure drop in both sides
APmax,1' APmax,z

6-Allowable tolerance between AP, ,,. and
APact |e 5P - abS(APmax - APact)

B-Objective

Heat exchanger sizing. Find the dimensions of the Heat exchanger: L, L,
and L, satisfying the heat rate and within the given values of the
permissible pressure drops



7-Thermal sizing of compact heat exchangers

C-Solution procedure

Basic idea is to find the heat
exchanger size (i.e. heat exchanger
dimensions L, L,, and Lj) using
trial and error procedure. To start
the iterative process, initial values
for mass velocities G, and G, will
be assumed. Then modify these
values in order to satisfy the heat
rate and the maximum allowable
pressure drops in both sides

Calculate ¢, g, _and €

Calculate C ., C ,C

Find NTU

\ 4

Assume/modify reasonable values for G, and G,

A

v

Calculate Re, Re,, 4, h,
Calculate Nr1 Nr2r Mo Noz
¥
Calculate U using NTU = UA/Cpmin
]

Calculate heat transfer areas, A, A, free flow areas,
Agr1, Am, frontal areas Agi, Aso, and HE volume

y

Get dimensions of HE ie. L, L, L,

|

Calculate actual pressure drop, and the difference between
actual and maximum allowable pressure drop for each side.
6p = abs(Apmax — APact)- Check and reiterate if needed.

v




/-Thermal sizing of compact heat exchangers

Solution steps

1-Calculate the mean temperature for each side and the appropriate properties such
as density, specific heat, viscosity, thermal conductivity and Prandtl number

2-Using the mass flow rate and known temperatures, calculate the heat rate q

q = MCpe (Too = Tey) = 1y Cop (Tni — Tho) (9.1)
3-Calculate the heat capacity rates ~ Cc = m:Cyc Ch = MpCpn  (9.2)
also calculate Cmin = min(C, Cp)  Cpax = max(C, Cp) (9.3)

Cr = Cmin/ Crnax

4-Calculate the maximum flow rate g, using  9max = Cmin(Thi = Tei) (9.4)

Also calculate the heat exchanger effectiveness € = (9.5)

Qmax



7-Thermal sizing of compact heat exchangers

5-Using the calculate values of the heat exchanger effectiveness € and mass
capacity ratio C,, use the appropriate equation or figure to get NTU

Uid; U4,
NTU = f(e,C;) = —— =~
mi mi

It is to be noted that there is no direct mathematical expression to find NTU in terms of
the effectiveness and the heat capacity ratio for crossed unmixed heat exchanger.
therefore, a trial and error method will be used to find NTU. This is done since the
effectiveness for this heat exchanger as a function of NTU and C, is available in heat

exchanger textbooks.

6a-The overall heat transfer coefficient for the Gas to Gas heat exchanger (while
neglecting wall thermal resistance and fouling) can be written as
11 . 1 (9.8)
UiAd1r  hno1dr  hano24:

(9.6 & 9.7)

where 1y, and n,, are the overall surface efficiencies for side (1) and side (2).
Therefore, the fin efficiencies (151, nr,) for both sides must be calculated.

The following definitions will be used.

C C i
U1A1 NTUl _ 1 NTU2 _ 2 (99 911)
Chin hino141 hano14;

NTU =



or

7-Thermal sizing of compact heat exchangers

Cmin Cmin Cmin
= + (9.12,9.13
Uidr  Mno1dr  hano2A; )
Cni 1 1 1
= = = + (9.14)
U1A1 NTU NTUl (Cl/Cmin) NTUZ (Cz/Cmin)
In terms of thermal resistances
—__=R= (9.15)
NTU R=R{+R,
For gas to gas compact heat exchanger, the resistance for each side is
of the same order of magnitude, therefore
1 (9.16, 9.17)
Rl =~ Rz N_TU = 2R1
1 2 2
(9.18)

NTU B NTUl(Cl/Cmin) - NTUZ(CZ/Cmin)

NTU; = 2 * NTU % (Cpj,/C;)  NTU, = 2 % NTU % (Cppin/Cs) (9.19-9.20)



7-Thermal sizing of compact heat exchangers

6b-For Liquid to Gas compact heat exchanger

1 1 1
= +
NTU ~ NTU(C/Cmin) * NTUg(Cy/Cmin) (9-21)

Let the thermal resistance for the gas side to be R and that for the liquid

side to be R, and the total thermal resistance for the heat exchanger is
R=R,;+R

But it is well known that the thermal resistance for the gas side is higher than the

liquid thermal resistance. It will be assumed that the gas thermal resistance is

one order of magnitude higher than the liquid thermal resistance i.e.

(9.22)

R, = 10R, (9.23)
Therefore, the overall heat transfer coefficient from in this case will be
1

or in terms of NTU, can be written as using similar equation to equation
for liquid to gas heat exchanger



7-Thermal sizing of compact heat exchangers
1 11
NTU B NTUI(CI/Cmin)

(9.25, 9.26)

therefore, the liquid side NTU, can be related to the heat exchanger NTU by
For the gas side, since gas side resistance is ten times the liquid side resistance i.e.

R

=10R, = 10

97 NTU,(Cy/Crmin) 11INTU (9.28)

The NTU for the gas side then

11
NTUg = 5 NTU (C i/ Cg) = LINTU (Cppn/ Cy) (9.29)



7-Thermal sizing of compact heat exchangers

/-The major pressure drop for side (1) is given by

pl Gl

Ap, = 4(fC)1 Dhl P PlV1 = 4(fc)1=— Dpy 2,01 (9.30)

(fc) is the friction coefficient

The hydraulic diameter can be written as

4A L 4Ac¢ L
Dh _ ffl* pl — ff1=pl (931)

L P Ly Ay

where L, is the length of the heat exchanger in the direction of side (1) flow.
The following relation can be found from the above equation

Lyn 44

= 9.32
Dpi  4A4gpq ( )
Therefore, the pressure drop for side (1) flow (i.e. Eq. 9.30 ) will be
A, Gi
Ap, = 4(fc)q (9.33)

4Arr1 2p1



7-Thermal sizing of compact heat exchangers

From the above relation, the mass velocity for side (1) can be found as

(1 Api(2p1) Afpr >1/2 9.34
61 = ((fCh Aq o

In order to get an estimate for G, using the above equation, one needs to substitute an
appropriate expression for the A4 and A, in terms of the given information. The heat
transfer area A, can found using the following expression for NTU,

h{noyA
NTU, = 110411 (9.35)
C1
4, = NTU,C; _ NTU; 1y Gy (9.36)
hino1 hino1
The heat transfer coefficient h is related to Colburn modulus j,, by
h (9.37)

= P2/3
JH _GCp r

10



7-Thermal sizing of compact heat exchangers

Therefore, the heat transfer coefficient for side (1) is

hl =jH161Cp1PT‘1_2/3 (938)

Substitute this expression for h, in equation (9.36) to get

NTU; 11, Cpy

A = _ - 9.39
No1Ju1G1Cp1 P1y 2/3 ( )

Get the inverse of this equation and multiply the equation by A, to get

. 2/3 .
Ay MouimGiCoiPr” Appr — Mouin (9.40)
Aq NTU; myCpe NTU, Pr12/3

Take this expression for A¢¢; /A; and substitute in equation (9.34) to get

_ 1/2
G, = Ju1 2 pP148p17Mo01 (9.41)
(fo)r NTU PrE/?



7-Thermal sizing of compact heat exchangers

1.0
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Re
Reference: Kays & London: Compact heat Exchangers

ju/(fc) Can be calculated or approximated. A reasonable value is around 0.3

Mo Overall surface efficiency can be taking around 0.8 as a first estimate

12



/-Thermal sizing of compact heat exchangers

8-Once the mass velocities (G; & G,) are calculated then Reynolds numbers can be
calculated, and from surface data one can calculate the heat transfer coefficients h, and h,.

A1/A; = a1/, (9.43)
9- From the given surface data, o; and a, can be calculated, and therefore the
area ratio is known

10-The fin efficiencies (1, n5,) and the surface overall efficiencies (1,1, 152)
can also be calculate, then calculate the overall heat transfer coefficient U.

I 1 1
UA; hino14,1 " haNo242
11-Since NTU is known, and U has been calculated, then heat transfer area of the heat
exchanger can be calculated.

(9.44)

4, = NTU C,yin, (9.45)
Uy
Side (2) area can be found since the area ratio has been calculated in step 8

12-The volume of the heat exchanger can be calculated using the

found above heat transfer area and the ratio «
A
V= — (9.46)
a



/-Thermal sizing of compact heat exchangers

13-The minimum flow area (for both side) can be calculated using

G (9.47)

A = —
ff m

Since o is known from the surface data, then the frontal areas for both sides (A7 4
, Agr2) Will be calculated using

_4rr (9.48)
Apy

0}

14- The length of the heat exchanger in direction of flow of side (1) (i.e. L,;) and
in the direction of side (2) (i.e. L) will be calculated using

Ly, = (9.49)

14



/-Thermal sizing of compact heat exchangers

The third length which is the common edge for the heat exchanger is calculated using

\4
L. =
- (9.50)

15- The actual pressure drop is calculated using

L 2
APy =4 (fc) mﬁ (9.51)

The difference between the actual pressure drop and the required
maximum pressure is calculated for both sides, (i.e. 6P).

6p = abs (Apmax — APact) (9.52)

16-The value of this difference (i.e. 6P) is greater than a specified value, then another
trial has to be done. The new value for the mass velocity G will be calculated using
the next equation

15



/-Thermal sizing of compact heat exchangers

_ (2P APrax D\’
4o L, (9.53)

where Ap,,. 1S the given maximum pressure drop for that side. Other values for the
parameters in the above expression such as fc and L, are evaluated from previous iteration.
The above expression is used twice once for each side.

17-Iterations continuous for new values of G’s till convergence is achieved. i.e. pressure
drop for each side is with the allowable tolerance value.

16
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calgdll (8 Qllall g ¢yl JST Ao giall Blall Sla o die (peilall (s Ao 21— Y
..jﬁl}: 1;5_3 tjn.__uﬂlg n[é)ba.]i J}..a_,ﬂl .-Jab.a_g nig:-_glﬂ EJ!)""!.B e :‘_5& LJLL‘J!

4dugy dasgill Blall @ladl Juagll Jalaa dag 3 Jaily pdy
) Cp k 7 Pr
alaaialy @lldg agydlie Jasd ol 13 (ghall Jalaall g 3hall Jlil Jaes loa 2 =¥
q = m, Cye AT, = 1y, Cpp AT (9.57)

O gl dagally Liall dagall paady (pjlsall Al doc gl Shiall Jaes Clea 2 -8
Loginy dacaill AllS5 g
€, = m, Cy Cp = 1ty Cpp (9.58)
Coin = min(Ce, €n)  Cpay = Max(Co,€p)  Cp = Coin/Cmax ~ (9.59)
Sl dalall (Sla Jara ol Sl 2 -0
Gmax = Cmin(Thi — Tei) (9.60)

Ehall Jalead) Adled SlISS,

g =3 (9.61)

Gmax
Bhall Jil Slaag aae dlag) (Se oG dsally £ @hall Jobaa) ddled dpagles =1
o Cbpnal sda g Jasi Al A Alasialy @lliy cdaranss shall Glall Jaball NTU
Sl ghall Jaluall g3 Cuen G peailly Jal) Cilang 230 pe Zledll juat] Cliall JS2
2l Ll
NTU = f(C,, €) (9.62)
ahliie g5 e @ ol Blall Ji Claag 2 dlag) Bdle ADe 2 Y ail Ll
OSly oS 138 e adl) Juaill gl oCrg & o ANAS (Cplaaall UST Tl i) oladY)
Al L Ahall eYoludl e gl 13g] G s NTU A 1S $ladl) slady 8380 Al 2298
b sl gl Uaally gladd) Goyb (e G 5 & Asesheas NTU slag 38al) o3a alasinl o5
LA
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dalua o ol (ghall Joball JSU shall Jll Jalas dlilas LIS Sa —(i) v
(3l o ALlall 5ol & Jomgills 4yl dagliall Jalas ) J 15 adlall 5yl Sl
b LS

: : . (9.63)

UypAy fifg141  haijozdz
Lgiadl (gHhall Jole o caile) Loy 055 Ledie Cpalaldl 8.0 L g, 5 1py Sus
V) il aladiid e . jle— 5l g e

NTU = % (9.64)
_ G )

NTU; = =2 (9.65)
_ & .

NTU, = == (9.66)

SIS 55 (9.63) o3 Alslaall 8 el

Crnin _ Cinin Crmin (9 f)?}
d; hmeads  hanozdz

5

Crnin - Cy Ca 9 f)ﬂ
U1y hafo1A1(C1/Cpin) + hanozAz(C2/ Cmin) (9.65)

Lfl:' J.\.n;.l NTUL‘ JJWL"} hﬂ-'l-_)ﬂ:l r]'JL'MLI_S

cmin o o — - (9.69)

Uidy  NTU  NTU3(C1/Cmin)  NTUsz (C2/Cmin)

Lyl Cilaglas

ﬁ =R=R,+R, (9.70)

o Al dagliall dad e cJg¥) i) daglie dad Gl < Sle— e G Jobd dually
-__5i e Ouglidia Luyls (el Qi =i Sas Gl ¢(same order of magnitude) asill 4u )
R, =R, (9.71)

(9.70) ddslae (e 5l

—— = 2R, (9.72)

e Jean lgiag
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1 - 2 _ 2
NTU NTU(C1/Comin)  NTUa2(C2/emin)

JSE Jabsall NTU gty S5 S5 ailall lsd NTU 35 NTUS 3 (il Jasy Sy Sl

(9.73)

b LS
NTU, = 2 + NTU * (Congn/ C1) (9.74)
NTU, = 2 = NTU * (Conin/ C2) (9.75)

- @ha BLINTU = NTUz 3 NTU; Jas)l (lagllaall llalaal) Laa ibiladdl ol
Sl

R Aosba daglia a JL Gyl (09 Canng Sle—Jila (glha Jolaal dacalls (o) ¥
SIS 5K (9.70) a3 dlalas Gld Ry dps daglia 4l Sl dgag
R=R,+R, (9.76)
L) Sl (gihal Aaglaal) e ST aaladl A Sl alal dslall Laglaall o) Cuag
@[] Jldl aiall aglin il yde Lo 3l adle daslie o (iajis
R, = 10R, (9.77)
(9.77) A8 Aalas alasiuls sl all Bl NTU = Bl 4 )1 jall da slaall Lo Sy Sl
(VS JS8 (9.70) a8 lalaay

1
— = 10R, + R, = 11R, (9.78)
o
1 11
U~ NTUC Copin) (9.79)
lgias
NTU(C,/Cpin) = 11 NTU (9.80)
K
NTU, = 11 NTU * (Cpin/ C)) (9.81)

NTU s NTUp (e daep Alls jle—ile (g Jabead Zogllaal) dllaall & 32l dlaled)
aild (Bl daglia Cileaal e (ol dsjhal) diaglia of Wl lall deally

Yy =———=10R, = 10 —
NTUgi(Cq/Cinin) 11NTU

(9.82)
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A NTU A VS NTU Lo o (]

NTU, == NTU (C
10

min/ Cg) = LINTU (Cpin/C)) (9.83)
Al ADle e Bhadl JE Jeleag ]l s R8N e G dDke alag] —A
SV Allaalls daas S SIS s Ll G LY

Lpi 1 Lpy Gi
Ap; = 4(fc), Eﬁ; p Vi = 4(fc), Eﬁ_l

= (9.84)

A Ll dle
(9.85)
Jsh ou iBle sla (Sar ALl AN (e Ll e Laall daleadl b App, Gua

daled) (o shall JUml dalus dasiy (Lp1/Dpy) Saugd il Jo (ghall Jabud)
SIS S et Ll

h1 i

o) Lnall 2 20 (s Lgiag

— Ay G
Apy = 4(fe)s 3= o (9.87)
Gl o € Ko ALl Allaall g

1 Apy(2p,) App 12
6 = (o =) 089
Akl alaanals
NTU, = % (9.89)

Shall JU dalis LES (Sas lgiag

_ NTusc; _ NTU: miyCps (9.90)

hino hines

Jir 3 h Bl JES) Jalea (s dass A (S iBDe Lia

4

. h
ju = c—cpprm (9.91)

szl ghall JE Jalee LS (e lgia lly
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3

hy = Ji41 61 Gy P (9.92)

Bl Jlaml dalie iS5 Sl

NTUy m4C
A= — (9.93)
No1jH1G1Cp1Pry
5)hall Jlal dalue u'll Laall sl g
Afn - UOIjHIGlcplPrlzlg Affr — _MorJus (9.94)
Ay NTU; i3 Cpy NTU, Pri/? i

(9.88) o) Alsledll 3 4, /A, das psaills .G = 1in/A,, ABDa)) plasial 5 adf Laadly
Jo¥) adlall Gl (s Aadl Jdse 538 e Jeass I

1/2
— (JH1 2p18pine
Gl = (UC)I NTUlPrf/g ) (9.95)

S ) laaly oalast (Sar el b Clpsiall S Gy

G, = ( JH2 2p24p2 %2)1/2 (9.96)
27 \Uo. NTuzPrz273 ’
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L3 =
Lpl ij

sl e g J) wilall oy sladl & (ghall Jolual Joba Laa Ly, Ly Gas

Aasials (ohall Jolall s JST Ledll buiall 28 ala) 2 -1 €

(9.101)

L 2
il il Gy AP 43 zamsall Y| haiall 28 G Bl Clea 2 -V 0
__}L-’“ I..JSltj-Pw:F
8P = abs (AP,uy — APyct) (103)
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