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The calculation procedure consists simply of computing h, and h; to obtain Uc. Up is
obtained taking into account fouling resistances. Knowing Up, the surface area can be found with
the help of the following equation

Q = Uy A ATIm

In the stepwise procedure of calculation given below, the hot and cold fluid temperatures are

represented by the upper and lower case letters respectively. All the fluid properties are indicated
by the lower case letters.

Process conditions required :

Hot fluid : Ty, To, my, Cp, 1, k, AP, Ry, or Ry;

- Cold fluid : t;, t, Mg, Cp, W, k, AP, Ry; or Ryo

The diameter of each pipe must be given or assumed. A convenient order of the calculation is
as given below :

L.

Check the heat balance, Q, from T}, T,, t,, t, using Cp at Tnean (Tm) and tyean (tm)-
Calculate Q using the following equation : :
Q=my Cph (T;-Ty) = m Cpc (tz— tll)

T] > TZ and t2> t-l
Ty = T1+T2/2 tm = 1 +6/2

2. Calculate the log mean temperature difference LMTD (ATlm) for a countcrﬂow

3.

‘and T, and ¢, and t,. For non-viscous fluids, (H

arrangement. _
. T, — T,

t, «—— { :
AT, = Ti-t, AT, =T, -t
AT, - AT, |
__, K

AT,

N AT,

Evaluate the physwal properties of the hot and cold fluid at the arithmetic mean of T,

L 0. 14
may be taken as 1.0 (as assumed
W,

LMTD. = ATlm =

below).
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[B] Calculation of Shell and Tube Heat Exchanger : .
1.  Shell side coefficient :
The shell side coefficient is given by the following equation :

hol?e g (De Gs)o.ss (Cp u)m ( ‘E‘TM
| AN k w

where D is the shell equivalent diameter and Gg is the shell side mass velocity.

All properties of the shell side fluid are evaluated at an average/mean bulk temperature which
is the average of inlet and outlet temperatures of the shell side fluid.

Above equation is valid for Ng. in the range‘c’)f 2000 to 1000000.

2.  Shell side mass velocity : :
The shell side or bundle cross flow area 'ag' is calculated as

_ID.XC'XB~ Shell LD. x Clearance x Baffle spacing ;
L% et T T ~ Pitch - B
- Mass velocity Gy s given as ' |

Gy = m/a;, kg/(m?- s)
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Heat Transfer = : 5.22
3.  Shell side equivalent diame_ter, ,De ]

D, =4 X Free area/Wetted perimeter, m?

le— C'—>

Square pitch

te— Pr—>
Fig. 5.19 : Equivalent diameter

~4x(P§—7tdf,/4)
Tdy

For a square pitch : D, =

_ ~ 1
4x G P;x 0.86 Pr—5 df,/4)
12x7md,

For a triangular pitch: ~ De =

where, d, — outer diameter of the tube and Pp = Pitch of the tube
4. Tube side coefficient :
It can be evaluated either by using Sieder-Tate equation or Dittus-Boelter equation.

-5, For the remaining part, the procedure as outlined for the double pipe heat exchanger can
be used. W

Area of heat transfer, A, = nxaxL

where n is number of tubes, L is. length of tube and 'a' is the outside area (external surface) in
m? per linear m of tube ['a' is given in m*m].

A, can also be given by
A= midg I
where, n is number of tubes, d, is outside diameter of the tube, and L is length of the tube.

6. Check for suitability of heat exchanger :

Uc=Up ~
Ry = g, g, MK/W

If Ry4 calculated from the above. equation is equal to or greater than Ry required/providcd

(given in the problem statement) then the exchanger of a given specifications (e.g., i.d. of shell
o.d. of tube, length of tube and number of tubes, etc.) is suitable.
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5 ‘ ' ) Heat Ex%
Example 5.8 : 14500 kg/h of nitrobenzene are to be cooled from 400 K (127°C) .,

317 K (44°C) by heating up 40000 kg/h of benzene from 305 K (32°C) to 345 K (72°C). They,
“are two heat exchangers available and these are to be operated in parallel, each with q she
diameter of 45 cm 1.D. fitted with 166 tubes of 19 mm O.D. and 15 mm I.D. and 5 m long. T,

exchangers are of 2-2 shell and tube type. The tubes are arranged on a 25 mm square pitch vwi),

15 cm of baffle spacing. There are two passes on the shell side. Counter-current operation s
used. Assuming that benzene is flowing through tubes and heat transfer coefficient on the tube

side to be 1050 W/(m? -K), find the order of scale resistance that could be allowed if the heq;
exchangers are used ? ;

Data : For nitrobenzene ;

Cp

2.387 kJ/(kg-K)

L = 7.0x 104Pa-s, k = 0.151 W/(m-K)’

Use the following correlation for calculatin g the shell side heat transfer coefficient -
o Go\o.ss 5
Nnu = 036 T (Cp Wk

Solution : As the heat exchangers are in parallel, each of the h-ea-t‘exchangers will handle
20000 kg/h of benzene through tubes and 7250 kg/h of nitrobenzene in shell.

For counter-current flow - .

nitrobenzene

400 K — 317K

benzene
345K 305 K

AT, = 400-345 = 55K
AT, = 317-305 = 12K

5512
ATlm = G5 = 2824K

For nit_r_obenzene !

Q = m Cp (Ty~Ty)
= 7250 x 2.387 x (400 - 317)
= 1436377 ki/h = 398994 W
= Number of tubes = 166
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HoaLTronatee .83 HeatExchangors

L = Lengthof tube = 5 m

§

o
i

O.D. olf'tube = 19 mm = 0.019 m

P
[H

Area of heat transfer

it

N wD L= 166 XTx0.019%5 = 49,54 m?
Q = Uy AyATIm
= Q/(Ay ATIm)

_ 308004 :
T 49.54x 2824 = 2852 WimtK)

=
I

This is a design (Uy) or an actual overall heat transfer coefficient,

Shell side heat transfer coefficient

Fig. 5.20 : Square pitch of tubes
Py = 25mm = 0.025 m

a
It

PT - (% O.D. +‘% O.D.) = PT - O.D.

25 = 19 =6 mm = 0.006 m

Shell side cross flow area :

I D (shell) x C' x B
b = P,

15cm = 0.15m

where B

LD. (shell) = 45cm = 0.45 m

0.45 x 0.006 X 0.15 ;
ay = 0.025 = =0,0162 m?

As there are two shell passes, the flow area per pass is

o = 001622 = 0.0081 m?

S
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Equivalent diameter of shell ¢

D, =

i

Mass velocity on shell side
Gy =

u=70x10"%Pas, C;=

- 2
ax (Pr »;)n/d Dy) where Dy is O.D. of tube,
Ty

4 x [(().()25)2“ Tt/“(o-(“())ﬂ = 0.0229 m
% 0.019

m/ i

7250 " 2.h) = 7
0.008T = 895062 kg/(m?-h) = 248.63 kg/(m*:s)

2.387 x 10° J/(kg-K), k = 0.151 W/(m-K)

Calculation of h, :
DeG;s -
NRe = —
Re M
0.0229 x 248.63
=T gox10+ - 8137
Npr = Cle/k
2.387 x 103x 7.0 x 10~
= 0.151 = 1106
Nnu = 0.36 (NRe)*%3 (Npp)'?
= 0.36 x (8133.7)%55 x (11.06)!3 = 113.5
= —k——ll 5 .0'151—7484W/ 2.K
ho -— 113.5)( De' -— 3. X 0-0229 — s (m N )
Calculation of U, :
Neglecting the thermal resistance of the pipe wall,
1 1 1 Do
Up =ho ™ b ™ D
a1 1__ 0019
U, = 7484 * 1050 * 0.015
U, = 393.3 W/(m2K) '

This is a clean overall heat transfer coefficient (Uc) for the heat exchanger.

Calculation of Ry:
Ry

Uc-Up

UcUp

393.3 -285.2
= 9.637 x 10~ (m*K)/W

T 393.3x285.2

~ Fouling factor =

Scale resistance = 9.637 x 10~ (m>K)/W .. Ans.
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e 545 ) __Heat Exchangers

Example 5.9 : W(.” er at 303 K (30°C) enters a 25 mm 1.D. tube at a rate of 1200 Ih. Steam
condenses on the outside surface of tube (28 mm 0.D.) at a temperature of 393 K (120°C) and its

film heat transfer coefficient may be taken as 6000 W/Am2.K). Determine the length of the tube
required to heat water to 343 K (700C) , '

Data : Thermal conductivity of tube wall material = 348.9 W/(m-K).

Properties of water at mean temperature of 323 K (500C) are :

k = 0628 W/(m'K), p = 980kg/m? and p= 6x 10<kg/(m-s), Cp = 4.187 Ki(kg-K)
Solution : Basis : 1200 /h of water flow. | '

Mass flow rate of water

Il

1200 x 10-3% 980 = 1176 kg/h
0.3267 kg/s

Inside area of tube = /4 D; = 7 X (0.025)2 = 4.9087 x 10~m?

. m, 0.3267
M 1 == -
ass velocity of water = G A 4.9087 % 10~

L = 6x10*kg/(m-s)
p = 980kgm?, D; =25mm =0.025m
D; G 0.025 x 665.55

= 665.55 kg/(m?-s)

NrRe = )7 = " 60x104 - 27731
Since Ng. > 10000, the flow is turbulent.
k for water = 0.628 W/(m-K)
u for water = 6.0 x 10~*kg/(m-s)

Cp for water = 4.187 kl/(kg'K) = 4.187 x 10° J/(kg-K)

Cop  4.187x103x6.0x 10+
Npe= 7 0.628 =

4.0

Inside heat transfer coefficient :

" Since water is getting heated, the Dittus-Boelter equation for heating is :
Nnu = 0.023 (Nge)®* (Npo)®

0.023 x (27731)°8 x (4.0)%4

= 143.52

_ k 143.52 X 0.628
h; = 143.52 X D; ~ 0025

e .k = 3605 W/(m2K)
 hq (steam side coefficient) = 6000 W/(m*K)
et D, = 28mm = 0.028 m
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Neat e
\ _ Dy
X
K Ror wetad
Calontation of U2

Catoatation of Q3

Calenlation of ATim @

v l‘§
L
J',\Tl
Allm
Q

Caleulation of A and L.}
No

Area of heat transfer = A
oL

A
AR}

_ Length of tube requited = 4.40 m

R s

At . Heat g)('J'llc,mu.,,.

i)‘\', 0 nv
= o, ﬁ)hﬂm):\) 0, “-’““ m

Dy = DY = (0028 = 0.028)/2 = 0.0015
MBY Wi R)

TR ALY \ Dy
l\‘ TRtk X Dy

1 00N 00015 0,028
mxm + 5008 X 0023 MR X0,0208

2073 W K)

‘i‘\\' (‘p\\* (h=1)
1176 X A 187 X (343 = 303)
19695648 kI = $4710,13 W

Temperature of condensing steam = 393 K
MIK  and L= JOAK

303 =303 = QOK, ATy = 303 -343 = 50K
(V0 = 50WIn (Y0/50) = 68,05 K

UAATIm = U, Ay ATim

. BTy

Uy -+ ATIm

S4710.13
2075 X 08,03 rr

0,3874 w?

Ll

A/ (e Dy)

03874/ (10X 0, 0“‘8)
440 m

‘ '\"\‘.
B O R e R AN A R R e : ‘ .
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Heat Transfer 5.47 _Heat Exchangers

Example 5.10 : 1-2 shell and tube heat exchanger is to be used to cool nitrobenzene from
40 K (127°C) t0 317 K (44°C) with the help of benzene, entering at 300 K (270C) and leaving af
333 K (60°C). Benzene is flowing at a rate of 20000 kg/h through tubes and the tube side
coefficient is 1050 W/(m*K). Nitrobenzene is flowing through the shell at a rate of 7250 kg/h.
The shell inside diameter is 450 mm and is fitted with 170 tubes of 19 mm o.d. and 15 mm i.d.

and 5 m long. The tubes are arranged on a 25 mm square pztch Baffle spacing is 150 mm.
Fouling factor to be provided is 9 x 10~ m?-K/W.

Check the suitability of this exchanger.
Data : For nitrobenzene :
Cp = 2.387K/(kg:K), p = 7.0 x 10 kg/(m's), k = 0.151 W/(m-K).

~ Viscosity correction factor = 1.0 and LMTD correction factor = 0.90 for the calculation
purpose.

Solution : Basis : 7250 kg/h of nitrobenzene flowing through the shell.

For counter-current flow :

nitrobenzene :
400 K : > 317K

: benzene
333K« - 3001_(

AT, = 400-333 = 67K
AT, = 317-300 = 17K
ATlm = (67-17)/1In(67/17) = 3646 K
For nitrobenzene : -

Q = m Cp (T, - Tz) )
Q = 7250 x2.387 (400 - 317)
= 1436377 kl/h = 398994 W
Number of tubes=n = 170
Length of tubes =L Sm ‘
od.ofthetube = Dy = 19 mm = 0.019m
i.d.ofthetube = D; = 15mm = 0.015m
Area of heat transfer = A, = nTt DL
170 x ©x0.019% 5
= 50.74 m?
Q = UgA,FrATIm
U, = Q/(AoFrATIm)
398994 / (50.74 x 0.90 x 36.46)
239.64 W/(m*K)
Up = 239.64 W/(m>K)

Uo
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Shell side heat transfer coefficient :
Baffle spacing = B = 150 mm = 0.15m
Tube pitch = Py = 25mm = 0.025m

For square pitch of tubes :

Fig. 5.21

1 1
Clearance = C' = Py -2 % 5 OD. = 25-2x5 x19

= 6 mm = 0.006 m

Shell inside diameter = LD. = 450 mm = 0.45 m

Shell side flow area :

ag

ID.xC'xB  0.45x0.006 x 0.15 . ,
= PT == 0.025 = 0.0162 m?

Equivalent diameter of shell :

De

De

—_—

4x (Pi—mw4Dy)
D,

4 .025)2— . 2
x[(0.025'~ w4 Q01907 _  1r39 1

% 0.019

Mass velocity on shell side :

Gs

] n

il

m/ ag
7250

501e7 = 447531 kg/(m-h)

0.0162 =
124.3 kg/(m?.s)

7.0 X 104 kg/(m:s), Cp = 2.387 x 103 J/(kg-K)

0.151 W/(m-K)
D: G,
4
0.0229 x 124.3
7.0x 104
Cp Wk
2.387 x 103x 7.0 x 10+

0.151

= 4066.4

=011.06
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_Heat Transfer

The empirical e
-P al equation for the c.uk.ululmn of huu i mmlu coelficient is

Nnu = 0.36 (Nj,.)0.53
Re)" (Np) S (/L Y014
Lt (“/uw)(xl‘; By ¢ (Npy) (W lw)
. Nnu = 0.36 (NRe)™5 (Npy) 173
= 0.36 (4066.4)"-55><(l‘ 1.06)18 = 77.5
hy D,
k=715
0.151

h; (given) = 1050 W/(m2K)
Neglecting the thermal resistance of the pipé wall :
1 _ 1.1 D
U, ~ hy T h; X

i i

o

1 1 1 0019
U, = 511 * 1050 *0.015

U, = 316.1' W/(m2K)

. O

This is a clean overall heat transfer coefficient.
Up = 239.64 W/(m?-K)
Uc = 316.10 W/(m2K)
Suitability of the heat exchanger : '
If the Rq calculated is equal to or more than the Ry given, then the heat exchanger is suitable.
Ry glven = 9.0%x 10+ W/(m2 K) ’

Letus calculate Rg. It is given by

1 .
1 = 7 + Ry

Up ~ Uc
Uc-Up

Re = 0. Uy
316.1 — 239.64

Ra = 316.1 % 239.64
~ 1.01 x 10°? W/(m>K)
Ry calculated is the maximum allowable scale fesistanqe.
~ Rgcalculated = 1. 01 x 10‘3 W/(mZ-K)

As Rd calculated is more than Rd glven or provnded the given heat exchanger is

smtable. , .. Ans.
\
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Heat Transfer 5.50 Heat Exchange,, |
Example 5.11 : A heat exchanger is to be designed to heat 1720 kg/h of water from ‘l
293 K (20°C) to 318 K (45°C) with saturated steam condensing on the outside surface of ,,
brass tubes of 25 mm O.D. and 22.5 mm I.D. Tube length is 4 m. Assuming water velocir, ;, |
being constant at 1.2 m/s, determine the number of tubes required in the heat exchanger.
Data : Thermal conductivity of brass = 460 kJ/(h-m-K)
Latent heat of vaporisation of steam = 2230 kJ/kg
Steam side coefficient = 19200 kl/(h-m?-K) _
Physical properties of water at mean fluid temperature are as follows :
Density = 995.7 kg/m?, Specific heat = 4.28 kJ/(kg-K)
Thermal conductivity = 2.54 kJ/(h-m-K)
Kinematic viscosity = 0.659 x 10-°m?/s
Solution : Basis : 1720 kg/h of water flow rate
Inlet temperature of water= t,=293 K
Outlet temperature of water =t, = 318K
Specific heat of water = Cpw =4.28 KJ/(kg-K)

Calculation of Q :
Q = my Cow X (tb—t)
= 1720 4.28 x (318 —293)
= 184040kJ/h = 511222 W
Calculation of ATIm :

Latent heat of vaporisation of steam = A = 2230 kl/kg
Saturation temperature of condensing steam corresponding to the latent heat from steam table
is 383 K (110°C). _
AT, 383-293 = 90K
AT, = 383-318 = 65K
AT, - AT, 90 - 65
In (AT/AT,) ~ In(90/65) = 7' K
Calculation of inside heat transfer coefficient :

D; = LD.oftube = 22.5mm = 0.0225 m

ATlm =LMTD =

u o= 12mis
p = 995.7 kg/m®
v = 0.659 x 10-5m/s
; 1= vxp = 0.659% 106X 9957 = 6.56 x 10~ kg/(m-)
Ne, = DL | 00235 x12x995.7 A
‘ €

T R 68610 L o]

)
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5.5 ) ____Heat Exchangers,

Since Nge > 10000, the flow is turbulent,

' Cp = 428 KI(kg K) = 4,28 x 10" 1(kg K)
n 6.56 x 10+ kg/(ms)
K 254 kI/(hmK) = 0.706 W/Im-K)

ol 428 % 10" 6,56 x 104
Np, = —b8 _ £28 X 10'x 6,56 x 10
Tk 0.706 = 398

1

i

The Dittus-Boelter equation for heating (as water is heated) is

Nnu = 0.023 (NRe)™® (Np)0t
0.023 X (4098 1)08 x (3,98)04

= 195.77
h; Dy
k = ]95.77
706
hy = 195.77 x 80225 = 6143 W/(m*K)

Steam side coefficient = h,

= 19200 kJ/(h-m2.K)

= 5333 W/(m?2.K) ,
Do, = 25mm = 0.025m, D; = 22.5mm = 0.0225m
Dy = log mean diameter = ]r? (%232—52)%222255) = 0.0237 m

Thickness of tube, x =(0.025-0.0225)/2 = 0.00125 m
| k for tube wall material = 460 kI/(h-m'K) = 127.8 W/(m-K)
Calculation of U, :
1 1 1 Do X Dd
U, “he "0 *Dj "k XDy
R I 1 0.025 000125 0.025
‘U, = 5333 * 6143 *0.0225 * 1278 *0.0237
. U, = 2640.6. W/(m*K) |
Calculation of Aandn: =
-+ Q = UyA,ATIm
Ay = Q/(U,- ATlm)
511222

= 26a0.6% 77 " o l4mt
. A R nnD, L
n = AJ(DGL) = 02514/ X 0,025 X 4) = 0.8 = 1.0
\Iﬁlgbér of tubes required = 1.0 : : ... Ans.
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Example 3,12 : A shell-and-tube heat exchanger is used as a \\jirz‘quf? pasy f‘Qltdc'?N.\‘f'r. There |,
" a condensation of benzene vapour in ity shell at 350 K (77°C). The (‘0:1:{0::&@:' CONNixTy of
120 tubes of 22 mm internal diameter and length 2500 mm each. Through the tubes, Cooliy,
water flows with a velocity of 75 envs, ensuring a condensation rate of benzene vapours equal g,
144 tih initially when there ix no scaling. But after a long-standing operation, a seale resistan,,
of 2.5 x 10~ (m*K¥W develops on the water side-on the tube surfaces. ’I‘n' w}m{ extent ),
velocity of water must be increased so ay to regain the initial rate of condensation of benzene o,
the assumption that the heat tzi:m;fer coefficient on the water side is proportional to the floy,
velocity raised to 0.8 in the power. ‘
Data : Inlet temperature of cooling water = 290 K (17°C)
Heat transfer coefficient for condensing vapour based on inside area = 2250 W/(m*K)
Latent heat of vaporisation of benzene = 400 kJ/kg.
Solution : Basis : 14.4 t/h condensation rate of benzene vapour.
1. With no scale:

mp X A
= 144 x103x 400

= 5760000 kI/h = 16.0x 10°W

\ Shell and tube heat exchanger is used as a surface condenser. The condenser consists of
:é tubes with :

D; = ID. of tube = 22 m = 0.022 m

Heat duty of condenser =Q

L = Length of each tube =2500 mm = 2.5 m
Number of tubes = 120

Area for heat transfer based on ID. per 1 mlength= 7D; L =7 x 0.022 x 1 =0.0691 m¥m
Total area of heat transfer

nxXnD;L

| | = 120X 0.0691 X 2.5 = 20.74 m2 |
Cross-sectional area of each tube = /4 D?

A; = mw4(0.022)2 = 0.00038 m?

Total area of flow for single pass = Number of tubes X Area of each tube for flow

= 120 % 0.00038 = 0.0456 m2

Velocity of water = 75 cm/s = 0.75 m/s

Volumetric flow of water = Velocity x Area of flow

= 0.75 x 0.0456

e = 0.0342 m¥/s
Density of water = 1000 kg/m?

|
¥
5
&
§
]
§
8
i
I
{

Mass flow rate of water = my = 0.0342 x 1000 = 34.2 kg/é
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Heat Exchangers

: l_Heat balance :

Q =
16 X105 =

t, =

lilw Cow (t2—t))
34.2 X 4,187 x 103X (t,— 290)
301.2 K (28.2°C)

~ Condensing benzene temperature = 350 K

AT, = 350-290 =60K
AT, = 350-301.2 = 488K
_ (60-48.8)
ATim = 3 760488y = 542K
Q = UAATIm
U = Q/(A-ATlm)
16 X 10°
- —— _ 2.
2074x542 = 142 W)
Neglecting the wall resistance, we have
' -l - oA 1
U “he Ty
‘where hy = hej = 2250 W/(m*K)
RN 1
1423 = 2250 *
h; = 3871.5 W/(m2K)
Given : h; is proportional to u®®. |
hy = C(u)°?
3871.5 = C(0.75)°%
- C = 48734
Il. With scale : \
hl = 4873.4 u0'8
Ry = 2.5x10%* m>K/W
s imedis
. -ﬁ = hl * h hO +Rd
B | 1 .
1. -Zg7—314’_5§ +6.944 % 10~
4873.4 08 5
‘ U = [T +3.38 0%’ W/(m?-K)
Mass flow of water = P U Aj "

1000 X u X 0.0456 = 45.6u- kgISi
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Let 'ty be the outlet temperature of water in the second case,

Q = My Cpw (=1
16X 108 = 456 ux 4,187 x 10 (1~ 200)
ty = 290+ (8.373/u)
AT, 350 - 290 = 60 K
ATy = 350 = (290 + 8.373/u) = 60) ~ (8,373/u)

- 6() = [6() ~ (8.373/0)]
ATIM = 560/(60) - (8.373/u)]
" (8.373)
I T60/(60) — (8.373/0)]
8,373

60 u :I
u-In| g0 —8.373

UA ATIm
4873 4 u08 8.373
[T+ 338 oA] X 20.74 % [ 60 :l
uln| 60w -8.373

jid

i

B

i

o
u

16 x 10°

u02 1
189 = 175338 w0 X 60 u
» ! [60 u- 8.373]
To find u, we have to adopt a trial and error procedure. '
Assume a value of u more than 0.75 m/s and see whether LHS of the above equation is

equal to RHS or not. If not, assume a new value of u. Repeat the procedure till we do not get
LHS = RHS.

For u = 2mfs, RHS = 1.748
u =25mfs, ~ RHS =18
u = 3mfs, RHS = 1.84 .
u =4mls  RHS = 1.8976
u = 3.8 m/s, RHS = 1.888 = LHS (= 1.89)
. Water velocity must be 3.88 m/s o Ans.

Example 5.13 : A condenser consists of a number of metal pipes of outer diameter 25 mm
and thickness 2.5 mm. Water flowing at 0.6 m/s, enters the pipe at 290 K (17°C) and it is not
permissible that it should be discharged at a temperature higher than 310 K (37°C). 1.25 kg/s of
hydrocarbon vapour is 10 be condensed at 345 K (720C) on the outside of the pipes. Determine
the length of each pipe and the number of pipes required. Take the heat transfer coefficient on
the water side as 2.5 kW/(m?-K ) and on the vapour side as 0.8 kW/Am?-K) and assume that the |
overall heat transfer coefficient, from vapour to water, based on these figures, is reduced to 20 |
% by the effects of pipe walls, dirt, and scale. | |

Latent heat of hydrocarbon at 345 K (72°C) = 315 ki/kg

Heat capacity of water = 4,187 ki/(kg-K) (Pune University, Dec. 97 |
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: ~Solutlon : lhmlﬁ: 1,25 kw'ﬂ vite of condensition of hydocarhon vagonr,
A for hydrocarbon vapour = 35 kg

Sy Rate of heat transfer from vipour

£

’i’h’ 7\,/

O = 1252315

O = 39375kifs = 39375 2100 W
Temperature of condensing vapour = 345 K

H

Inlet temperature of water = 290 K
Outlet temperature of water = 310 K
ATy = 345290 = 55K, AT,= M5-310= 35K

i = A=A, 5535
ATim © In (ATJAT) * i (5535 = M3k

~ Heat removed from vapour = " Heat gained by water

Q = my, Cpyy, (t,-1))
v

393,75 x 10%

my, %4187 % 10° % (310 ~ 290)

my = 4.7 kg/s
Mass flow rate of water = 4,7 kg/s
Inside heat transfer coefficient = h; 25 kWImzK) = 2500 YW/t K)
Dy=25mm= 0.025m, Dj=25-2x25 =20 mm = 0,020 m
hj, = Inside coefficient referred to outside diameter

D; 0.02
hio = hi % [ = 2500 %5 = 2000 Wimi-K)

i

~ Outside heat transfer coefficient = hy=0.8 kW/(m2K) = 800 W/im%K)

11,1
UO . h() hiﬂ

1 ]
= %00 * 2000

U, = 572 Wiim*K)

. = Clean overall coefficient

=P
u
=
&
\

BY prowdmg allowance for the effects of the scale, dirt and Wd” we have

Uu is 80% of U (given).

100 = 20

Uu = Dirty overall coefficient ""'(&10() %572 = 457 Wi K)
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Q = Uy AgATIm
A, = QAU, ATIm)
I‘\“ w

1945 w?
Qutside area of pipe per m length of pipe

el
Ry

Total length of piping required
Mass flow

Velocity of water (given)

rate of water
Density of water
Volumetric flow rate of water

reren
pasey

fi

A L o A T DY NSRSz

_‘..M.M:::.'\'SQ[;

303,75 X 103/ (457 x 44.3)

rt D, L
nx0.025x 1
19.45/0.0785
4.7 kg/s
1000 kg/m?
4.7/1000 =
0.6 m/s

0.0785 m¥/m
247.6 m

—
—

o
o

0.0047 m¥/s

Cross-sectional area for flow per pass to give a velocity of 0.6 m/s is calculated as :
= 0.007833 m?

{As Velocity = Volumetric flow rate/Cross-sectional area of flow)

a = 0.0047/0.60
Cross-sectional area of single tube

Total cross-sectional area of tube per pass
No. of tbes x C.S. area of single tube
No. of tubes per pass

For single pass on tube side fluid (water) :
: Total length of tubes
' Number of tubes
Length of each tube

For two passes on water side/tube side :

Total number of tubes
Total length of all tubes
Length of each tube
For four passes on water side / tube slde
Total number of tubes
Total length of all tubes
Length of each tube

Out of these three proposals the last one seems to be most realistic.

‘No. of tubes = 100, Length of tube

u‘

/4 - Dy

/4 (0.02)? = 0.000314 m?
a = 0.00783 m?

C.S. area of all tubes
0.00783/0.000314 = 24.94 = 25

247.6 m
25

247.6/25 = 9.90 m

2%x25 =50
2476 m
247.6/50= 495 m

4x25= 100

= .247.6 m

—
—

s
—

247.6/100 |
2476 m =~ 2,48 m

2.48 m

Scanned with CamScanner



S ' Exchangers.
CpestTvenster . 880 .. Heat EXGATR

” J E.\‘Rmple Sa4 2 1.2 shell and be heat exchanger is to be used 1o heat a erude oil ‘f"'Um"
295 K (220C) 10 330 K (S7°C) with the help of the bottom product of a distillation unit that is 10 |
; (W,Iﬁiﬁwn 420 K (147°C) to 380 K (107°C). Crude oil flows through the tubes at a rate of‘
135000 ke/h and the bottom product flows through the shell at a rate of 10600 kg/h. The shell of
an inside diameter 600 mm, consists of 324 tubes of 19 mm o.d., of wall thickness 2.1 mm, each
488 m long arranged on a 25 mm square pitch and supported by the segmental baffles spaced
0.23 m apart. A combined dirt factor of 0.001 m2-K/W is to be provided. Is this heat exchanger is
suitable (i.e., what is the dirt factor) ?

Assume viscosity correction factor to be one and LMTD correction factor to be one for the
calculation purpose. Use Dittus-Boelter equation for the tube side fluid.
Data : Properties of crude oil :
G = 1.986 kJ/(kg: K), M

_ 2.9 x 103 N-s/m?
k = 0.136 W/(m-K) , and p = 824 kg/m?
Properties of bottom product :
Cp = 2202 kJ/(kg-K),
B = 52 10'3N-s/m'—’, k
Basis : 135000 kg/h Qf crude oil flow rate.

Counter-current flow :

867 kg/m?
0.119 W/(m2-K)

o Crude oil
295K —— 330K

Bottom product
380K ¢ 420K

420 -330 = 90K, AT, = 380- 205 = 85K
(90 — 85) / In (90/85) = 87.5K '

AT,
ATIm

Heat load of exchanger = Q = m, Cpe (—t))

]

135000 x 1.986 % (330 —295)

. = 938385 kJ/h = 2607 X108 W
. Shell side calculation :

i P, = 25 mm = 0.025m

B =023m

C'= Clearance = Pp-d, (for square pitch)
ST = 25-19 =6 mm = 0.006 m
- !Doof shell = 600 mm = 0.6m

ILD.xC'x B 0.6 X 0.006 x 0.23 S
dg = PT = 0.025 = (0.0353 m?
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Heat Transfer _ m

Cross flow area of shell = a5

Shell Side mass velocity = Gs

Equivalent diameter of shell = D

Tube side heat transfer coefficient :

Tube side fluid = Crude oil
No. of tubes = 324

Hea

= 0.0353m?

-
—

n

1

No. of tubes per pass = 324/2 = 162
Dy = od. oftube= 19 mm= 0.019 m

Thickness = 2.1 mm

ﬁvas
106000
0.0353

3002833 kg/(m*h)
834.1 kg/(m*s)
4 [Pr-mA do]

T do

7t x0.019

D, Gs

0.023 x 834.1 _ 3689

p'=

Gr 2202 x 103 x5.2x 107 — 9622

52x103

r =

0.119

0.36 (NRe)®S’ (Npp)# (W/py)*™

1.0

0.36 (NRe)™ (Npp)'°
036 (3689)°55 (96.22)!7

151.1

151.1 X k/D,
151.1 X 0.119/0.023 = 782 W/(m>K)

D; = id.oftube =19-2x%2.1 = 14.8 mm =

Cross-sectional area of one tube =

Mass velocity through tube = G =

0.0148 m
4 X D;

t Exe

. = W4 x(0.0148)2 = 1.72 x 10~ m?
Total cross-sectional area for flow per pass =

162 x 1.72 x 10~ = 0.02786 m?

135000/0.02786
4845657 kg/(m>-h)

1346 kg/(m?-s)
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Heat Exchangers,

Heat transfer surface = A,

Heat Transfer 5.59
' DiG  0.0148 x 1346 -
NRe = — = = X ¥
) H 29x102 6869 ,
Nnu = 0.023 (Nge)°8 (Np,)04
Cpl  1.986x 103% 2.9 x 10-2
N — - — Xz29X _
SETn 0.136 o CEh
Nnu = 0.023 x (6869)08 x (42.35)04
hiD; e
x = 120.8
k ... 0136 ‘
hj = 1208 x5 = = 2K
D; 0.0148
h' = h ——t - = 2,
io i XD, 1110 X 5519 865 W/(m*K)
Neglecting the wall and scale resistance, the clean overall coefficient based on outside area is
1 1 1
U, ~ hg * hjo
| _ il 1
= 782 * 865
U, = 411 W/(m?K)
Uc=U, = 411 W/(m*K)

nntDyL
324 x T x 0.019 x4.88 = 94.4 m?
Up Ap ATIm

2607 x 103

'Q=U, A ATIm
_ Q

Ub = A ATIm

Uc—Up

— ' 2,
04.4x815 = 3156 W/(m*K)

411-315.6

We have : Rq = UcUp

411 x 315.6
735 x 104 m>-K/W ... Ans.

As Ry calculated is less than R4 provided, this heat exchanger if installed, will not give the

required terminal temperatures without frequent cleaning.

.. Ans.

Example 5.15 : A shell and tube heat exchanger is used to heat a liquid of specific heat
4.0 kif(kg-K) and specific gravity of 1.10 by steam coﬁdehsing at 395 K (122°C) on the outside of
tubes. The exchanger heats the liquid from 295 K (22°C) to 375 K (102°C) when a flow rate is
175 x 10~ m3/s and to 370 K (97°C) when the flow rate of the liquid is 3.25 x 10~ m%/s.
Estimate the heat transfer area’ and overall heat transfer coefficient when the flow rate is

1.75 x 104 m3/s. Neglect the thermal resistance of tube wall and scale and assume that the heat

Iransfer coefficient on the tube side/liquid side is proportional to the 0.8 power of the velocity.
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i W s W/(m?*K)
G e o ; PSR me
L sfer TR kL m = 3400
o or coefficient for condensing stea .
Data : Heat transier ¢

4

Solution : da 1775 % 10-4 mY/s

Case-I : Volumetric flow rate of liqui e
Sp. gr. of the liquid = l.lox i g s

Density of the liquid e B A
Mass flow rate of the liquid 1.75 X

i

. —t )
: er=Q=mCp(=l
Hest bl or Dy ofthe Do nCESE8TE 1925 4 100 x (375 =299

= 61600 W

T = Temperature of condensing steam = 395 K e
205K and t,= 375K...temperatures of liquid
tl = :
Calculation of ATIm : |
AT, = 395-295 = 100K
AT, = 395-375 =20 K
ATlm = (100-20)/1In (100/20) = 49.7K
The rate of heat transfer is given by, -
Q = U, AATIm
U,;A = Q/ATIm

"U,A = 61600/49.7 = 1239 W/K
Case-II : Volumetric flow rate of the liquid = 3.25 x 10~ m’/s

Mass flow rate of the liquid = m" = 3.25x 10~ x 1100 = 0.3575 kg/s

Heat load of the heat exchanger = Q = 0.3575 x 4.0 x 103 x(370 - 295)

Q = 107250 W
Calculation of ATIm :

AT, = 395-295 = 100K
AT, = 395-370 = 25K

~ ATlm = (100- 25) /1In (100/25) = 54 ‘l
The rate of heat transfer is given by : e
Q = U,AATIm

UA = Q/ATIm _
- LA = 1072500541 - 1982
50 : Ji= W
The velocity in the tubes is propo -

rtional to the volumetric f]
‘ . OW rate,
% [As Velocity = Volumetric flow rate / Area for flow] . s
P - ,u‘oc'V i

e S S iy A e T e A e A S R e e
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© qpis given that : hyec ud
.b.'v ]" o v”."
h,i = (0N
i UA = 1239
S iand, | U,A = 1982
e UU, = 1982/1239 = .60
Uy = 160U,
_ ho = 3400 W/(m?K)
Neglecting the scale and wall resistances, U is given by
‘- L1 1
U = h, *h
U = h, h; _ 3400 x C . y0#
_ ~ hi+hy T 3400 + C . y048
. When v=v, = L75X 104 mY/s
| U, = 3400 xCx (1.75 x 10-4)08
' T 3400 + C % (1,75 X 10-4)08
U = 3.357C
Ch T 3400 +9.87 x 104 C
- When V=V, = 3.25% 10+ m¥s
U, = 3400 X C % (3.25 x 10-4)04
2 7 3400 + C X (3.25 x 10-4)04
U, = 5.508 C
| 27 34004 1,62 % 103 C
~ Wehave, U, = 1.60 U,

- Substituting the values of U, and U,, the above equation becomes

5.508 C

1.6 X3.357 C

3400+ 1.62x103C
3308 (3400 + 9.87 x 104C)
-~ Solving, we get C

U

.. UA
- Heat transfer area = A

3400 +9.87 x 104 C
5.371 X (3400 + 1.62 X 103 C)

142497
3.357 x 142497

3400 +9.87 % 104 % 142497 = 1331 Wim*K)

*9‘(@311 heat transfer coefficient when v=1.75x 104 m¥s = 135.1 W/(m*K)

1239
1239/U, = 1239/135.1 = 9,17 m?

e ADS,

’ l ’ A"“. :
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8, 62' Heat Exchangﬂi

60 g/s of hot oil enters a thin metal pipe of diameter 25 m,
annular space between the pipe and a large
ection to each other. The oil entey,

' Heat Transfer
| 4Example 5.16 : In an oil cooler,
An equal mass of cooling water flows through the

) ; ] ater Towing i ite dir
concentric pipe, the oil and water are flowing in oppost | !
at 420 K (147°C) and is to be cooled to 320 K (47°C). If water enters at 290 K (17°C), find th,

length of the pipe required. The heat transfer coefficient of 1.6 kW/(m KZ{ fhﬂ tthe oil .wd'e
and 3.6 kW/(m>K) on the water side. Specific heat of oil is 2.0 ki/(kg-K) and that of water i

4.18 kI/(kg'K).
Solution : Basis : 60 g/s oil flow rate. |
me - Mass flow rate of oil = 60 g/s = 6.0 X 10-2kg/s
The heat load of the coo}er is. |
Q = M Cpo(Ti—Ty) |
= 6.0% 102x 2.0 X 107 (420 — 320)
12000 J/s = 12000 W

Calculation of t, (the outlet ‘water temperature) i

The heat balance is : ,
- Heat given out by oil = Heat gained by water
12000 = 6.0x 102x 4.18 x 103 x (t,— 290)
L = 338K (65°C) | |
Calculation of ATIm - |
420K —— Pk 320K
-water

338K 290k
AT, = 420-338 = §2K

| AT, =320-290 = 30K

Calculation of U : : ’
‘ ATl_r.n = (82-30)/In (82/30) =517 K -
hiforoil = 1.6 kW/(m2.K) = 1600 W/(m2-K)

h, for water
As the pipe being thin, we have

U = —

‘ l/U = 1/3600 + 1/1600
U =1108 W/(m2K)

3.6 kW/(m2. K) = 3600 W/(m2.K)
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s 5.63 Heat Exchangers
g _j._frl,’calculatlons of AandL ; Ene
T Q = UAATIm

A = Q/(UATIm)

12000
1108 x 517 = 0:210m?

Tube diameter = D = 25mm= 0.025m

- We have : A = DL

L = ArmD = 0.210/(t % 0.025) = 2.67 m
_ - Tube length required = 2.67 m |

Example 5.17 : A czunter-current flow heat exchanger is to be installed to cool 1.25 kg/s of
 benzene from 350 K (77°C) to 300 K (27°C) using water which is available at 290 K (17°C). The

exchanger employs tubes of 25 mm O.D. and 22 mm I.D. through which water flows. Neglecting

a scale resistance,. determine the total length of the tubing required if the minimum quantity of
water is used and its temperature is not 1o be permitted to rise above 320 K (47°C).
Data : k for tube material = 45 W/(m-K)

h on water side =850 W/(m*-K)
h on benzene side = 1700 W/(m*-K)
C, for benzene = 1.9 kl/(kg-K)

... Ans,

~ Solution : Basis : 1.25 kg/s of benzene flow.

Q = 'i‘b Cpb (T,-Ty
Q = 1.25x%1.9x10°(350 - 300)
= 118750J/s = 118750 W

benzene
350 K —— 300K

water
320K «— 290K

AT, = 350-320 = 30K
AT, = 300-290 = 10K
ATIm = (30-10)/1n (30/10)=18.2K

The heat balance is

i . Heat gained by water = Heat removed from benzene

- My Cpu (1—t;) .= 1187500
m, = 1187500/[4.187 x 10°(320 -290)] = 0.945 kg/s

Scanned with CamScanner



; ‘ Heat E
64 o= XChangs,

“Heat Transfer

Therefore, : |
" Minimum flow rate of water = 0.945 kg/s gt 30K |

It is assumed to keep minimum flow rate of water SO W ) |
h h on water side = 850 W/(m*

h, = hon benzene side = 1700 W/(m*K)

D, 25 mm = 0.025 m

D; = 22mm = 0.022m
Thickness of the tube = x = (25 - 22)/2 = ; 25 mm =
Di 0.0 '
hio = hi 5—' = 850 §pp5 = 748 W/(m*K)
0

i

1]

0.0015m

D, = (0.025-0.022) /1n (0.025/0.022) = 0.0235 m
k for the tube material = 45 W/(m-K)
I s _l_ X Do
Uy =ho " hio "k Dy
1 1 1 0.0015 o 0.025"
U, = 1700 T748 © 45 70.0235
U, = 510 W/(m*K) X
We have : ‘Q = Uy Ay, ATIm
3 A, = Q/(U,ATIm)
1 18750
= — 2
Outside surface area of tube per 1. O m length T d, L =71 x0.025x 1.0 =0.0785 m2/m
Total 1 f the tubi d = Total heat transfer area 12.79 63
otal length of the tubing required = pc, transfer area per m length — 0.0785 ~ =163m

.. Ans.

v Example 5.18 : Benzene is to be condensed at a rate of 4500 kg/h in a vertical shell and tube

heat exchanger on outside of the tubes. The heat exchanger is fitted with tubes of 25 mm outside
diameter, 1.6 mm thick and 2.5 m long. Cooling water passes through the tubes at 1.05 m/s. |
Estimate the number of tubes requlred if the heat exchanger is arranged for a single pass on the

water side.
Data : Heat capacity of water = 4.18 kJ/(kg: K)

Benzene condenses at 353 K (80°C) at 101.325‘ kPa
Latent heat of condensation of benzene = 394 kJ/kg
Inlet water temperature = 295 K (220°C)
Water outlet temperature =300 K (27°C)
Thermal conductivity of tube material = '45 W/(m- K)

~ Properties of benzene at film temperature of 339 K are :

k =0.15 W/(m-K), | P = 880 kg/m?, u =035 x 10-3 N.s/m2.
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o m z Meass Sow rate of benzene condensation =

Heat duty of the condenser — Q

. e ST -

Q
1773000

- Dy
Voimmemic flow rztz of water=v
(zsp = miv

585

—
—_

—
-_

Heat Exchangers

m= 4500 kg/h

-

m/
4500 x 394
1773000 kJ/h = 492500 W

My, Cp (- 1)
my X 4.18 X (300 — 295)

84832 5ke/h = 23.60 ks
23.60/1000 = 0.0236 m?/s

and p= 1000 ke/m3)
Velocky of water throngh twbes = 1.05 m/s

Cosssecrionz] flow area regnired for the velocity of 1.05 m/s = v/u

No. of tubes required

Outlet temperature of water

0.0236/1.05 = 0.0225 m?

25mm = 0.025m -
25-2x1.6= 21.8mm= 0.0218 m
24 D;

774 % (0.0218)

0.000373 m*
Total cross-sectional area of tubes

Cross-sectional area of one tube
0.022570.000373

60

nx DL

60 xwx0.025%x25 = 11.78 m?
353K

295K

300K

— 353-295 = 58K, AT, = 353-300= 53K
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ATl = (38 =33l (3353 = S5 K
Q = UpdoATim
Up = QUAGATIV

= 402500/(11.78 X 33.5)

= 754 W/ K)

ST A

This is a design overall heat transfer coefTicient,
Uy, = 754 W/(m*K)
Overall heat transfer coefficient :
Inside/water side :
For water in the tube, h can be calculated from
b = 1063% (1 +0.00293 T)u/ Dy

where u = 1.05nvs, D; = 00218m
and T = (300+295)2 = 297.5K
hy = 1063 (1 +0.00293 x 297.5) x (1.05)"%(0.0218)"*
= 4450 W/(m*-K)
hj, = Iy XB
10 1 DO

0.0218 -
4450 X025 = 3880 W/(m?*K)

X = Thickness of tube wall = 1.6 mm = 0.0016 m
Dy = (0.025 - 0.0218)/1n (0.025/0.0218) = 0.0234 m
k for the tube wall material = 45 W/(m-K)
Qutside of tube :

For condensation on vertical tubes :
hy (B3P )R = 147 (AM/p)-12

. For vertical tubes, M = m/nD,
where, R m' = Mass flow rate of benzene per tube, kg/s
m' = 125/60 = 0.0208kgls

M = m'/zD, =0.0208/(x X 0.025) = 0,265 kg/(m-S)
= 0.15 W/(m-K), p= 880 kg/m’
= 035X 10 N- s/m2

, T:‘_'[?r-
TR T
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\_&“;-Mter M Heat Exchangers
hm [(0.35 X 10-%)2/(0.15)3 x (880)2 x 9.81118 = 147 [4 % 0.0208 |12
0 [0.35%.10°3

bm = 1409 W/(m2.K)

Bo = hy = 1409 W/m2.K)
The overall heat transfer coefficient neglecting the scale resistance is :

1 _1 1 xD,
Uo = hy "hyp Yk D,
L __L 1 . 0006 0025
Uo ~ 1409 " 3880 * ~ 45 * 0.0234

. Uo = 994.6 W/(m2K)
This is a clean overall heat transfer coefficient.
Uc = 994.6 W/(m2-K)
Up = 754 W/(m2-K)
Uc is in excess of Up and therefore we would allow for a reasonable scale resistance.
Maximum allowable scale resistance = Ry
Ry = léc—gn _ 994.6-754
c'Up  994.6 X754
Number of tubes required = 60 , ... Ans,

= 3.2x 10*#m%K/W

Example 5.19 : A counter-current double pipe heat exchanger has oil in the tube and is
being cboledfrom 413 K (140°C) to 373 K (100°C) with the help of water at 303 K (30°C).
- Because of this, water gets heated to 343 K (70°C). If the water side coefficient is 2.5 kW/(m?-K),
oil side is 1.0 kW/(m?K), and the fouling coefficient is 0.714 kW/(m>K), calculate the heat
transfer area for water flow rate of 5 kg/s, C,of water is 4.18 kJ/(kgK).

Solution : Basis : Mass flow rate of water = m,, = 10 kg/s

Q = rilprw (tz—tl)
= 5x4.18 x (343 -303)

= 836klJ/s = 836x 10°)/s = 836 X 103W
4 oil

413K 373K

\ water
343K «— 303K ‘

AT, = 413-343 = 10K
AT, 373-303 =70K
In this case, AT, = AT,
A Therefore, the logarithmic mean temperature difference becomes indeterminate [since
AT-AT,=0), | Rd S '
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Heat Transfer

For such a case,

ATIm = AT, =AT, =AT
ATIm = 70K :

hy = 1.0 kW/(m*K) = 1000 W/(m2K)
= 2.5 kW/(m*K) = 2500 W/(m*K)

1/Rqg = 0.714 W/(m*K)
1/Rg = 714 kW/(m*K)

Ry = 1.4x107% (m2K)y/W

1

= hil + 1-1; + Ry
o1
= 1000
= 357.14 W/(m*K)
= UA ATIm
= Q/(U ATIm)

836 x 10° ’
= 357.14x 70 = >344m

1 -3
+3500 + 1.4x10

>0 C
|

.. Ans,

Example 5.20 : A heat exchanger is used to heat an oil in tubes from 288 K (15°C) 1o

358 K (850C). Steam is blown continuously across the outside of tubes. It enters a
403 K (130°C) and leaves at 383 K (110°C) with a mass flow rate of 5.2 kg/s. Calculate the

surface area of the heat exchanger.
Data : Cp foroil = 1.9 kJ/(kg-K), Cp for steam = 1.86 kJ/(kg:K)

Overall heat transfer coefficient = 275 W/(m?-K)
LMTD correction factor = 0.97

Solution :

Mass flow rate of steam = mg = 5.2 kg/s

Q = myCps(T,-T)
= 5.2x1.86x (403 -383) = 193.44 kJ/s

T, = 403K, T,=383K, t;=298K, t, =358 K

- LMTD for cross flow = Fr LMTD from counter flow

-, For counter-current flow :

AT, = 403-358 = 45K, AT, = 383 -288

=95K

= 193440 W

ATIm = LMTD = (95 -45)/In (95/45) = 66.91 K

U = 275 W/(m%K)
Q = UA ATIm (cross flow)

- = UAF;ATIm (counter flow)
A = Q/[UF;ATIm (counter flow)]

193440 :
275 % N Q7 % AA 01 —1084“‘

sy A"S'
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aass ———— 8,69
Cecample 821 2 Warer is ‘ _
- pample 82l Wateris heated from 37
o and tube heat ex \ : 38°C) 10 32 :
hell and tube heat exchanger, ( 0 328 K (55°C) at a rate of 3.783 ke/s in
o shf" ‘mf;‘ht,- . wi’":t:t‘*l. On the shey Side, one pass is uied wz?th hot wate):' asa heiting
mﬂ‘"‘_"'* i 1 €rs the shell ar ¢ rate of 1.892 keg/s and at 367 K (94°C), and the
e ‘:;, ‘:'1 \; ‘n‘(:r t . ’”W 19 mm diameter tube is 0.366 m/s. Due to space limita;‘ions the
. Jength must not be T § 0.3 ) ’
lif”"bi‘:"‘:f:“'m‘ per pass ‘::::1\; ' .than 244 m. Calculate the number of tube side passes, the
umber &f HDES per pass, 1€ length of the tubes, consistent with this restriction
Data : Take Cp for hot and cold water = 4,18 k1/k :
e overall heat transfer coefficions ; ' /(kg-K) and LMTD correction factor = 0.88.
The overall heat transter coefficient is 1450 W/(m2.K)
Solution : Cold water flow rate =

Heat Exchangers:

3.783 kg/s, hot water flow rate = 1.892 kg/s

‘ Q= meCpe (ta-1,) = my Cpp (T, - T)
ATIXAISX (328 -311) = 1.892 % 4.18 x (367 - T

R T, = 333K (60°C)

Q 3783 x 4.18 (328 - 311) = 269 kI/s =269 x 10°'W
For counter-flow heat exchanger : :

H.W.
367K —— 333K

C.W.
328K «&— 311K

AT, = 367-328 =39K, AT, = 333-321 = 17K
ATIm = LMTD = (39-17)/In (39/17) = 26.50 K
Q = UAATIm

b A = Q/U-: ATlm =269 x 10%/(1450 % 26.50) =7 m?
_ Velocity through tubes = 0.366 nvs '

Cold water : Mass flow rate = p Aju
Ay 3.783/1000 x 0.366

0.01034 m?
Total flow area on the tube side = A; =0.01034 m?

. : ‘This area is the product of the number of tubes and the flow area per tube.
‘ T T
A; = 0.01034 =njy D?=n-% (0.019) 2

o : n = 36.47 tubes
o i n = 36 tubes
0 The surface area per tube per 1 mlength = nDL
e = tx0.019x1
= 0.0597 m*/m llength
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Heat Transter 5.70 _Heat Exchan,,,

Area for heat transfer = A = nnDL

L =A/mrD = 7/36x0.0597 = 3.257m

Heat transfer area of all tubes 7
Heat transfer areaof one =~ 36 x 0.0597 ~ 3257 m

~ tube X No. of tubes

Length of tubes

This length is more than the allowable 2.44 m length, so we must use more than one b
side pass.

For 2 passes on the tube side :
Q = UAF;LMTD
269 x 103 .
A = QMUELMTD) = T4er= 088 x 26.50 = 1955 '

For two passes on the tube side with 36 tubes per pass, the total heat transfer area is now
related to length by

A = 2[nnDL]

L = A/(2nmD)
= 7.955/(2 x 36 x  x 0.019)
= 1.85m

This length is within the 2.44 m requirement, so the design choice is :
Type of heat exchanger : 1-2 shell-and-tube heat exchanger
Number of tubes per pass = 36
Length of tube per pass = 1.85m AW

Scanned with CamScanner



