CH2407 Process Equipment Design Il

Heat Exchanger Design

Dr. M. Subramanian

Associate Professor
Department of Chemical Engineering
Sri Sivasubramaniya Nadar College of Engineering
Kalavakkam - 603 110, Kanchipuram (Dist)
Tamil Nadu, India

msubbu.in[AT]gmail.com m



Contents

e Single pass and multi-pass exchangers

e Heat transfer rate

e Temperature difference between two streams
e Heat transfer coefficient ¢stimations

e Allocation of fluid in shell and tube exchangers
e Baffle spacing

e Pressure drop calculation

e Design codes

14-July-2011 M Subramanian



Shell and Tube Heat Exchanger
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Pass Arrangements

438

1,1 — co-current flow ‘ ‘

s 3

2,2 shell and tube exchanger
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Heat Transfer Rate

Q = UAAT,,

where  @Q — hear transferred per unit time, W,
{/ = the overall heat transfer coefficient. W/m=°C,
heat-transfer area, m”,
the mean lemperature dilierence, the (emperature dnving force, °C.

A
AT

n

From first law of thermodynamics,

QQ = mC,dT
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Temperature profile

A/’/ T Counter-current flow
Tl'i.' //T‘:F'_Tu

Co-current flow
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Co-current and counter-current flows
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One fluid at constant temperature
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Temperature profile of condenser with
de-superheating
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Temperature Difference

k (T = 12) = (T2 — 1)
— .f"'LT]m = {Tl —
Ta f—
(T2 —11)

Fluid temperature
N

AT, = F.AT I
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Overall Heat Transfer Coefficient

L1 1 Mg ) a4,
= + -+ + X +

Un hn hmﬁ ka d i h id

X

d, |
di h

where [/, = the overall coefficient based on the outside area of the tube, Whin’°C.

h, — outside tluid film coetficient, W/m*°C,
h; = inside fluid film coefficient, W/m=°C,

h,q — outside dirt coefficiant (fouling factor), W/m=°C,

hi:; = inside dirt coefficient, W/m™°C,

k. — thermal conductivity ot the tube wall material, W/m"C,

d; = tube inside diameter, m,

d, = bz oulside diameler, m.
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Table 12.1. Typical overall cozfficients

shell and tube exchangers

Hot fluid Cold fluid L (Wim**C,
Heat exchangers
Water Water SO0 - 1500
Chiganic sulvents Organic sulvenls 100 =300
Light cils Light oils 100—-400
Heavy nils Heavy oils S0 — 3000
Gaszs Sases 10=50
Coders
Organic solvents Water 250-750
Light oils Water 350900
Heavy oils Water G0 —300
Gaszs Water 20300
Organic solvents Brine 150500
Water Brine GO0 —1 200
Gaszs 2rine 15-250
Heaters
Stezm Water 1500 - 4000
Stesm Urgamc solvents SU0- 1000
Steam Light oils 300- 900
Stcam Heavy oils a0 450
Stezm Gases 0300
Diovwrtherm Heavy ails S0-300
Dowtherm Cases 20-200
Flue gases Steam 30-100
Flue Hydrocarbon vapours 30-100
Condensers
Aqueous vapours Water 1000 - 1 500
g.%l;\l:?(;] Sicn Vol.6 Organic vapours Water TO0- 1000
' Orrganics {some non-condensables) Water S00-T00
ed.4 Vacuum condensers Water 200- 500
Vaporizers
Steam Aquecas solutions 1000 - 1500
Steam Light organics Q00— 1200
Stegm Heavy organics GO0 = S0




lable 121.2.  Fouling factors {(coetticients ), typical values

Fluid Coefficient (W/m="C) Factor (resistance) (m=" C/W)
River wauler 3000-12,000 (L0003 = 0,000 1
Sea water 1 O00=3000 0.001-0.0003
Cooling watcr (towers) 3000-6000 00003 -0.00017
Towns walar (soll) RIS (LN — (00K ?
Towns watzar (hard) 1 ODO—= 2000 0.001-0.0005
Steam condensate [ 5005000 0.00067 -0.0002
Steam (oil free) 4000- 10 006 0.0025-0.0001
Steam (o1l traces) 2000 5000 0.0005 0.0002
Relrigerated brine J000- 5000 0.0003-0.0002
Air and industrial gases SOO0— 10,040%) 0.0002 - 0.0001
[lue zases 2000-5000 0.0005-0.0002
Organic vapours 5000 0.0002
Organic hquids SO00 (.00
Light hydrocarbons SO00 0.0002
Heavy hydrocarbons 2000 0.0003
Boiling organics 2300 0.0004
Condensing organics SO0 (0.000)2

Heat transter fluids 2000 0.0002
Aqueous salt soluticns J000= 5000 0.0003-0.0002

Coulson & Richardson Vol.6 ed.4
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Tube dimensions

e Length (ft): 6,8, 12, 16, 20, 24

e The optimum tube length to shell diameter: 5 to 10

Table 12.3. Standard dimensions for steel tubes

Outside diameter {mm)

Wall thickness (mm)

16 1.2
20 —
25 —
30 —
38 —
50 —

1.6
1.5
1.6
1.6

2.0
2.0
2.0
2.0
2.0
2.0

b2 b2 bd b b2

[ o o e S

T T Tid Tad

Fod Fod Fod Fod

Coulson & Richardson Vol.6 ed.4
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Tube Patterns
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Tube side passes

e Practical construction limits the number of tube-side passes
to 8—10, although a larger number of passes may be used
on special designs

e Even number of passes aiz preferred

e The higher the number of passes, the more expensive the
unit
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Tube Side
Passes
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Front Heod Return Head Front Head Return Head
Pass Partition Fass Portition Pass Portition Pass Partition
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Shell Diameter

D, =a (N "
h = dyg K]

where N; = number of tubes,
Dy, = bundle diameter. mm.
d, = tube outside diameter. mm.

Trangular pitch, p, = 1.25d,

No. passes 1 2 4 6 8
K, 0.319 0.249 0.175 0.0743 0.0365
"y 2.142 2.207 2.285 2.499 2.675

Square pitch, p, = 1.254,

No. passes 1 2 4 6 8
K 0215 0.156 0.158 0.0402 0.0331
ny 2.207 2.291 2.263 2617 2.643
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Baffles
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Tubes

Types of baffle used in shell and tube heat exchangers. (@) Segmental (b) Segmental and strip
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Baffles

Vertical cut segmental baffles
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Fluid Allocation

e Corrosion: Fewer costly alloy components are needed if
the corrosive fluid is inside the tubes. Corrosive fluid cannot
be sent in the shell side, since the shell side fluid will affect

both shell and tubes.

e Fouling: Placing the fouling fluid inside the tubes allow
better velocity control; increased velocities tend to reduce
fouling. Straight tubes alicw mechanical cleaning without
removing the tube bundile.

e Temperature & Pressure: For high temperature /
pressure services requiring special or expensive alloy
materials, fewer alloy components are needed when hot
fluid is placed within the tubes

e Flow rate: Placing the fluid with the lower flow rate on the
shell side usually results in a more economical design.
Turbulence exists on the shell side at much lower velocities

than within the tubes.
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Fluid Velocities

e Liquids:
— Tube side: 1 - 2 m/s; maximum 4 m/s if required to
reduce fouling

— Shellside: 0.3 - 1 m/s

e (Gases:
— Atmospheric pressure: 10 - 30 m/s

14-July-2011 M Subramanian E !



Tube side heat transfer coefficient

(turbulent flow)

(. 14
Nu = CRe"3ps43 ’—")
s
where C = 0.021 for gases.
= (L.023 for non-viscous liquids,
= (L.027 for viscous liquids.

where Nu = Nusselt number = [hd, /K ),
Re = Reynolds number = (g, Sy = (G, ).
Pr — Prandtl number — (O e/ k)
and: ki, = mside cocthicient. Wim= (.
de. = cquivalent (or hydranlic mean ) diameter, m
A s cross-sectional area for flow

d, = - = d; tor tubes,
welled perimeter

e = fuid velocity, m/s,
ke = MNuid therrmal conductivity, Wim=C,
y
G, = mass velocity . mass low per unil area ke/mss,
' . i . 2
pro= luwid viscosity at Lthe bulk Quid lemperature, Ns/m,
phoy = Huid viseosity at the wall
C , = Huid specific heat, heat capacity, J/kg C.

14-July-201 ‘



Tube side heat transfer coefficient

(laminar flow)

0.33 .14
Nu = 1.86(Repr™® [ % L
L [y
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Shell side

e Cross flow area (A.)
{}Uf — 'dﬂjﬂ.‘ffﬂ
Pt

A, =

where p, = tube pitch,

d, = tube outside diameter.
D, = shell inside diameter. m.
[ g = ballle spacing. m.

e Shell side mass velocity and linear velocity

W,
Gy, = —
A
Glil.
Uy = —
P

14-July-2011 M Subramanian




Shell side equivalent diameter

e Square pitch A
'l'\-\-' II-"
4 (ﬁ’f — Hffﬁ) 7
- 127 ,o d] L
d, = 4 = (p? — 0.785d7) “’I‘\w
wd, d,

e Triangular pitch

P : d’
4 5 X 0.87p; — _EFTI 110
dy = —° = ——(p> = 0.917d?)

d o d . “ g
> :
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Shell side heat transfer coefficient

(5., o,
pe = 2 _ Ugll o

H M

h.d. p 0,14
Nu = == — j,RePr'/> (i)
ﬁ'_f oy
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Pressure drop calculations

f = 0.079Re 02

e Tube side:

417 pu?
AP, =N A4 2.5 —
S [ D ] 2
e Shell side:
4fL D, pv?
AP, = ' i
s ! 'ﬂft.'- -'TH 2
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Allowable Pressure Drop

e Liquids: 35 - 70 kN/m?

e Gases and vapors:
- High vacuum: 0.4 - 0.8 kN/m?
- Medium vacuum: 0.1 x absolute pressure
- 1to 2 bar: 0.5 x system gatige pressure
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Design Codes

e Standards developed by Tubular Exchanger Manufacturers
Association, USA (TEMA) are universally used for design of
shell and tube heat exchangers.

e EquivalentIndian code is IS: 4503

e These codes specify the standard sizes of shell, tubes, etc.,
and also maximum allowable baffle spacing, minimum tube
sheet thickness, baffle thickness, nhumber of tie-rods
required, etc.
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Design Procedure

I. Define the duty: heat-transfer rate, fluid flow-rates, temperatures.

2. Collect together the fluid physical properties required: density, viscosity, thermal
conductivity.

3. Decide on the type of exchanger to be used.

4. Select a trial value for the overall coefficient, U.

5. Calculate the mean temperature difference, AT ,.

6. Calculate the area required from eguation 1.

7. Decide the exchanger layout.

8. Calculate the individual coefficients.

9. Calculate the overall coefficient and compare with the trial value. If the calculated

value differs significantly from the estimated value, substitute the calculated for
the estimated value and return to step 6.

10. Calculate the exchanger pressure drop; if unsatisfactory return to steps 7 or 4 or
3, in that order of preference.

[1. Optimise the design: repeat steps 4 to 10, as necessary, to determine the cheapest
exchanger that will satisfy the duty. Usually this will be the one with the
smallest area.
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Nomenclature for
Heat Exchanger
Components

TEMA
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Typical Parts of a Heat Exchanger

1 Stationary Head-Channal
2 Stationary Head-Bonnet
3. Stationary Head Flange-Channe or Bonnet
4 Channel Cover
5 Stationary Head Nozzle
6 Stationary Tubeshest
7 Tubes
8. Shell
9 Shell Cover
10. Shell Flange-Stationary Head End
11. Ehell Flange-Rear Head End
12 Ehell Nozzle
13 Shell Cover Flange
14 Expansion Joint
|5 Floating Tubesheet
16. Floating Head Cover
17. Floating Head Cover Flange
18. Floating Head Backing Device
19. Split Shear Hing
20. Slip-on Backing Flange
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21. Fioating Head Cover-External
22. Floating Tubesheet Skirt

23. Packing Box

24. Packing

25. Packing Gland

26. Lantern Ring

27. Tierods and Spacers

28. Transverse Balfles or Supporl Plales
29, Impingement Plate

30. Longitudinal Eaffle

31. Pass Partition

32_Vent Conneaction

33. Drain Connection

34. Instrument Connection

35. Support Saddle

J6. Lifting Lug

37. Suppor Bracket

38. Weir

39. Liquid Level Connection

40. Floating Head Support

SS1?
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HEAT EXCHANGER SPECIFICATION SHEET
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