ME 307: Heat Transfer Equipment Design
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ME 307: Heat Transfer Equipment Design
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ME 307: Heat Transfer Equipment Design

Cross-Flow Heat Exchanger

Row 1 Row 2 Row 3
(a) (b)

Vimaz D

i ReD,maz = )

(a) In-line rows, Vg = too {SffD}

S

(b) Staggered row, V4 = max (uoo [STS—ED} ) Uso |:2(T’1;[))

1/4
e Nu,, = h”l;D =CiRey . Pro-36 (—Pr )

|): s0 = VST+Sr/27

Pry,
Configuratio Rep 0y C, m
Aligned 10-102 0.80 0.40
Staggered 10-10? 0.90 0.40
Aligned 10>-10° Approximate as a single
Staggered 10>-10° (isolated) cylinder
Aligned 10°-2 X 10° 0.27 0.63
(S,/S, > 0.7)°
Staggered 10°-2 X 10° 0.35(S;/S,)"® 0.60
(S,1S, < 2)
Staggered 10°-2 X 10° 0.40 0.60
(S,/S, > 2)
Aligned 2 X 10°-2 X 10° 0.021 0.84
Staggered 2 X 10°-2 X 10° 0.022 0.84

“For S;/S; < 0.7, heat transfer is inefficient and aligned tubes should not be used.

® Nup|(n<20) = C2 Nt |(n>20)

N 2 S 4 5 6 8 10 16 20
Staggered 0.77 0.84 0.89 0.92 0.94 0.97 0.98 0.99 1.0
In-line 0.70 0.80 0.90 0.92 0.94 0.97 0.98 0.99 1.0

e Pressure drop, AP = f (%pVWQmI) Ny,

e Pumping work, Wp =VAP =V,,AAP

Wy

TNpump

e Motor power, Wi otor =
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Double Pipe Heat Exchanger

0.14
e Laminar: Nu = 1.86(G2)/3 (5_2) © Gz= 126/1;7-
e Turbulent: Nu = 0.023ReOSPrn: =4 04 @heating
0.3 : cooling
Ecorr [64/ Re] . laminar flow

* Friction factor, f = { (1.821logyq Re — 1.64)=2 = turbulent flow

Pipe area
e Equivalent diameter, De, = Dh, = 1D,
e Pressure drop, AP, = fp75-(3p,V,2), Eeorr =1

Annular area

e Dh,=1ID, —OD,, De,= IDO#
1 14k2 14k _
* Ecorr  (1—K)2 + (1—k) In(k)? k= ODP/IDG

o AP, = (fapr— +1)(50aV7)

Shell & Tube Heat Exchanger

e Tube pitch ratio, PR = Pr/OD;, 1.2 < PR< 1.5

e Preferred tube length, L:
6 ft (1.83 m), 8 ft (2.44 m), 12 ft (3.66 m), 16 ft (4.88 m), 20 ft (6.1 m), 24 ft (7.32 m).

e Total outside tube area, A, = N¢(7OD.L)

[ 1.0 for 90°, 45°
CL= { 0.87 for 30°, 60°

0.93 : 1 tube — pass
e CTP =< 090 : 2 tube— passes
0.85 : 3 tube — passes

2 1/2
e Shell inside diameter, D, = 0.637, /2L {AC’(PR) ODf}

CTP L
Tube-side

e Total tube x-section area, A; = (JI\\[[—;) ZID} N, = no. of pass

0.14
e Laminar: Nu = 1.86(Gz)1/3 (ﬁ) . Gz= LI}eOPgt
e Turbulent: Nu = 0.023Re®8Pr"; n = 0.4 heat?ng
0.3 :cooling

0.316Re %2> : Re <2 x 10*

* For smooth pipes, fi = { 0.184Re™020 : 2% 10* < Re < 3 x 10°

e Pressure drop, AP, = N, (ftILDt + 4) (%pt‘/?)
Shell-side

Dhy — TODy
P

2V/3P%
©OD; ODt

4P2 .
_4A —L — OD; : square pitch
. triangular pitch
e 04D, < B <0.6D;, B = baffle spacing, Number of baffles, N, = £ — 1

D;CB
Pr

o Nu= 0.36R€2'55PT1/3 , Res =VDhy/v,
o f, = exp[0.576 — 0.19In(Re,)]
o AP = fo(Ny + 1) 3=(3p5V7)

e Bundle cross-flow area, A; =

Dr. M. Zahurul Haq



ME 307: Heat Transfer Equipment Design

Plate & Frame Heat Exchanger

I: b ;I i
AX
Gasket H? ) i t P

NTU = Hedele = 4, = p]

 (mCp)min’

Effective NTU = Foory NTU, Feorr =1—0.0166 NTU

AX
ULD:h—thrh%Jr kp+Rdi+Rdo

21
Flow velocity, V = p‘g’,%N sF1) i
psbNs " psb(Ns+2)

: odd number of plates

: even number of plates

4(cross—sectional area sb sb VD
Dh = ( wetted perimeter ) = 2;1+2b = 42_b = 257 Re = v .
0.14
Laminar flow: Nu = 1.86(G2)"/? (::‘—Z) ; Gz= Ize/g Re < 100
Turbulent flow: Nu = 0.374Re%-668 pyl/3. Re > 100
20 : 1< Re< 10
Friction factor, f = % : 10 < Re < 100
% : Re > 100
Pressure drop, AP = g—i(%pVQ) +1.3(3pV2) ~ g—i(%pVQ)

Condensation Correlations

Condensation on vertical surfaces

1/4
gpi(pt — po)hygk }
h,, = 1.2x0.943
|: :ul(TU - Tw)L

Condensation on inclined surfaces

1/4
goulpr = po)hsoki 4 !

ho, = 0.943
[ NZ(TU - Tw)L

Condensation on horizontal tube

1/4
gpi(p1 — pv)hfgk?] /

hoy, = 0.725
[ Nl(Tv - Tw)D

Condensation on horizontal tube banks

1
hm|N tubes — Whmh tube

Condensation inside horizontal tube

hm = 0.555

1/4
gpi(pr — po)s i}
Ml (Tv - Tw)D
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