Example 6.1. Double Pipe Benzene-Toluene Exchanger. It is desired to heat
9820 1b /hr of cold benzene from 80 to 120°F using hot toluene which is cooled from
160 to 100°F. The specific gravities at 68°F are 0.88 and 0.87, respectively. The
other fluid properties will be found in thé Appendix. A fouling factor of 0.001 should
be provided for each stream, and the allowable pressure drop on each stream is 10.0 psi.

A number of 20-ft hairpins of 2- by 1}4-in. IPS pipe are available. How many
hairpins are required? '

Solution:
(1) Heat balance:

‘Benzene, fyy = ﬁ'ﬁ;ﬁ —100°F ¢ = 0.425 Btu/(b)(°F) (Fig. 2)
Q = 9820 X 0.425(120 — 80) = 167,000 Btu/hr
160 + 100 . . .
Toluene, Tay = 0T 1% 3300 & = 0.44 Bou/(b)(F) (Fig. 2)
167,000 __ _ 6330 Ib/br

W = 5320160 — 100)

(2) LMTD, (see the method of Chap. 3):

Hot fluid Cold fiuid Diff.
160 Higher temp 120 40 Aty
100 Lower temp 80 20 Aty
‘ ' 20 Aty — Aty
LMTD = Al — 44 20 28.8°F (5.14)

= 33Tog Alz/Al 2.3 log ¥94o

(8) Caloric temperatures: A check of both streams will show that neither.is viscous
at the cold terminal (the viseosities less than 1 centipoise) and the temperature
ranges and temperature difference are moderate. The coefficients may accord-
ingly be evaluated from properties at the arithmetic mean, and the value of
(1/pw)®** may be assumed equal to 1.0.

Tavr = 14(160 + 100) = 130°F  tfay = 14(120 + 80) = 100°F

Proceed now to the inner pipe. A check of Table 6.2 indicates that the flow area
of the inner pipe is greater than that of the annulus. Place the larger stream, benzene
in the inner pipe. '

. Hot fluid: annulus, toluene Cold flurd: inner pipe, benzene
(4") Flow ares, ' (4) D = 1.38/12 = 0.115 ft
D, = 2.067/12 = 0.1725 ft Flow area, ap, = wD?*/4
D, = 1.66/12 = 0.138 ft = X 0.1152/4 = 0.0104 ft*

as = =(D} — D} /4 |
= x(0.1725¢ — 0.1382)/4 = 0.00826 ft?
Equiv diam, D, = (D! — D3/D, ft
[Eq (6.3)]

D, = (0.1725? — 0.138)/0.138
= 0.0762 ft
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Hot fluid: annulus, loliene
(6’) Mass vel, Go = W/aa
= 6330/0.00826 = 767,000 Ib/(hr)(ft?)
(6" At 130°F, p = 0.41 cp [Fig. 14]
= 0.41 X 2.42 = 0.99 ib/(ft) (hr)

Reynolds no., Re, = D°GG
= 0.0762 )(737000;’099 = 59,000

(1) Ju = 167 [Fig. 24]

(8" At 130°F, ¢ = 0.44 Btu/(1b)(°F)
[Fig. 2]

k = 0.085 Btu/(hr)(ft?) ("F/f’fr)

[Table 4]
cu\¥ (044 X 0.99 _
( ) et

e (2 ()
[Eq. (6.150)1

0.085 1725 X 1.0

= 167 X 50762 0.0762

= 323 Btu/(hr) ({t3) °F)

Cold fluid: inner pipe, benzene
(6) Mass vel, G5 = w/a,
= 9820/0.0104 = 943,000 Ib/(hr)(ft?)
(6) At 100°F, x = 0.50 cp [Fig. 14]
= 0.50 X 2.42 = 1.21 Ib/(ft) (hr)

-—_.’

Reynolds no., Rep, = p
= 0,115 X 943,000/1.21 = 89,500

T jur = 236 [Fig. 24)
(8) At 100°F, ¢ = 0.425 Btu/(b)(°F) -

[Fig. 2]
k = 0.091 Btu/(hr) {t2)(°F/it} [Table 4]

c\¥% (0425 X 121\ _
‘E) ‘( —ooor ) 178

@ hi‘ = jg'ﬁk (%)% (f; 0.14
(Eq. (6.150)]

0.091 X178 X 1.0

= 236 X g'rps 015

= 333 Btu/(hr)(ft3) (°F)
(10) Correct k; to the surface at the 0D

1D
hin = he X oD [Eq. (6.5)]
1.38
= 333 X —— 166 = 276
, Now proeeed to the annulus.
(11) Clean overall coeflicient, Ue: ' ‘
_ hwh, 276 X 323 _ .
Ue = oAk~ 376 1393 149 Btu/(hr) (ft3) (°F) (6.7)
(12) Design overa.ll coefficient, Up: '
Rg = 0 002 (requi.red by problem)
1 1
T — 110 -+ 0.002
Up = 115 Btu/ (hr)(ft*)(“F)
Summary
323 |houtside| 276
Ue 149
Up 115
(13) Required surface:
_ __9
Q. UDA Al 11. m
_ 167,000 .,
Surface = m 50.5 ft2
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From Table 11 for 1}4-in. IPS standard pipe there are 0.435 ft2 of externsl surface

per foot length.

Required length =

50.6
0438 = 116 Lin ft

This may be fulfilled by connecting three 20-ft hairpins in series.

(14) The surface supplied will actually be

120 X 0.435 = 52.2 ft%, The dirt factor

will accordingly be greater than required. The actual design coefficient is

167,000 o
Ur = ggz 288 = 111 Biw/(BnEHCE)
_Uec—Up 149 —111 _ o
R = ~TeUp ~ 149 X iil 0.0023 (hr) ({2 {°F)/Btu (6.13)

Pressure Drop

(1) D! for pressure drop differs from D,
fm: heat transfer.

= (D - Dy) [Eq. (6.4)
= (01‘2’25 — 0.138) = 0.0345 ft

DG,
Re, = .G ,
= 0.0345 X 767,000/0.99 = 26,800

7 = 0.0085 +%°8fg§“ = 0.0071

[Eq. (3476)1
s = 0.87, p = 62.5 X 0.87 = 54.3
[Table 6]
, 4621
@) aF. = 2255
| 4 X 0.0071 X 767,0002 X 120
T2 X418 X 108 ><543= % 0.0345
= 23.5 1t :

G 767,000

F
BV = 3500, = 3600 5 543
3.02°

5
Fi = 3(5;:‘) =3 X533
(285 + 00543 _ o,

= 3.92fps

= 0.7 ft

(1) For Re, = 89,500 in (6) above

- 0.264
f -- 0.0035 4 W [Eq. (3.‘175)]
0.264 :
= 0.0035 4 £9,5000-© = 0.0057
s = 0.88, p = 62.5 X 0.88 = 55.0
{Table 6]
_ 4G
@ aFy = 25

4 X 0.0057 X 943,0002 X 120
2)(418)(103)(5503)(0115
= B3 ft

8.3 X b5.0
AP ==y

Allowable AP, = 10.0 psi

= 3.2psi

AP 144
Allowable AP, = 10.0 psi

A check of Uy and U, gives 161 and
Fig. 17 for Ato/Aty = 294, = 0.5, F, = 0.4

metic mean temperatures were used. The arithmetic mean assumes F, =

138, respectively, and K, = 0,17. From
3, whereas in the solution ebove the arith-
0.50.

However, since the ranges are small for both fluids, the error is too small to be sig-

nificant.
considerable for F. = 0.43.

If the ranges of the fluids or their viscosities were large, the error n:ught be
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Example 11.3. Calculation of a Caustic Solution Cooler. 100,000 Ib/hr of 15°Bé
caustic solution (11 per cent sodium hydroxide, s = 1.115) leaves a dissolver at
190°F and is to be cooled to 120°F using water at 80°F. Use a combined dirt factor
of 0.002 and pressure drops of 10 psi.

The viscosity of the 11 per cent sodium hydroxide may be approximated by the
methods of Chap. 7, but is sirupy, and actual data should be used if possible. The
viscosity at 100°F is 1.4 centipoises and at 210°F is 0.43 centipoises. For the specific
heat assume the dry salt to have a value of 0.25 Btu/Ib, giving a specific heat for the
solution at the mean of 0.88.

Plant practice permits the use of triangular pitch with 1in, OD tubes for solutions

in which the scale may be boiled out.

Solution:

(1) Heat balance:
Caaustic, Q = 100,000 X 0.88(190 — 120} = 6,160,000 Btu/br

Water, Q = 154,000 X 1(120 — 80) = 6,160,000 Btu/hr
1 An eight-pass exchanger would give a pressure drop of 10.8 psi.

@) at:
Hot Fluid Cold Fluid Diff.
190 Higher Temp 120 70
120 Lower Temp 80 40
70 Differences 40 30
LMTD = 53.3°F Eq. (5.14)
0 - 40 _
R=E_ 1.79% 8§ 190—-80"0‘364
Fr = 0815 {Fig. 18)
A 1-2 exchanger will be satisfactory.
At = 0.815 X 53.3 = 43.5°F Eq. {7.42)

(8) 7. and t.: The average temperatures T and ¢, will be satisfactory because of the
closeness of the ranges and the low viscosities.
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Triad:

(@) Assume Up = 250. From Table 8 this value is about the minimum for a
0.001 dirt factor and should be suitable for & trial when the required dirt factor is

0.0020.

4 = 5:160,000

250 X 43.5
a" = 0.2618 ft2/lin ft

= 567 ft?

567

(Table 10)

Number of tubes, §¥; = 6707 7 09618 = 136

(b) Assume four tube pesses: For two tube passes a; = 0.258 and G, = 598,000

corresponding to a water velocity of only 2.65 fps.
From the tube counts (Table 9): 136 tubes, 4 passes, 1 in. OD on 134-in. triangular

pitch

Nearest count: 140 tubes in a 1934£” ID shell

{c}) Corrected coeflicient Up:
A = 140 X 16'0’" X 0.2618 = 586 ft?
_ @ _ 6160,000 _
Up= 15 ~ 586 X 135 ~ 212
Hot fluid: shell side, caustic
6") G, = W/a. [Eq. (7.2)]
= 100,000/0.1875
= 533,000 lb/(hr)(ft?)

(6") At T. = 155°F,
u = 0.76 X 2.42 = 1.84 1b/(ft) (hr)

D, = 0.72/12 = 0.06 ft [Fig. 28]
Re, = DG./n [Eq. (7.3)]
= 0.08 X 533,000/1.84 = 17,400
(7 ju =75 [Fig. 28]
(8) At 155°T, % = 0.9 (kwawer) [Table 4]

= 0.9 X 0.38

— 0.342 Btu/(hr)(t?) (°F/ft)
(en/B)¥% = (0.88 X 1.84/0.342)% = 1,68
@ ho=gup (2) 6 [Ba @150
ho _ 75 % 0.342 X 1.68/0.06 = 717

'

Cold fluid: tube side, water
(5) G; = w/a,

= 154,000/0.133

= 1,160,000 Ib/ (br)(it*)
Vel, V = G/3600p
= 1,160,000/3600 X 62.5 = 5.16 fps

(8) At {, = 100°F,
p = 0.72 X 242 = 1.74 Ib/(ft) (br)

[Fig. 14]
D = 0.834/12 = 0.0695 it [Table 0]
(Re: is for pressure drop only)
Re: = DGi/n

= 0,0695 X 1,160,000/1.74 = 46,300

(9) he = 1240 X 0.94 = 1165  [Fig. 25]

(10) i, = ki X ID/OD [Eq. (6.5)]
= 1165 X 0.834/1.0

= 972 Btu/(hr)({t%)(°F)
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(10) (11') (12) ¢, = 1 (low viscosity)

ho %- = 717 Btu/(hr) () (°F)

¥

Pressure Drop

(1) For Re, = 17,400,

JF = 0.0019 if2/in.2 [Fig. 29]
(2") No. of crosses, N + 1 = 12L/B
[Eq. (7.43)]

= 12 X 16/7 = 28
D, = 19.25/12 = 1.60 ft

(1) For Re; = 46,300,
£ = 0.00018 ft/in.? (Fig. 26]
JGiLn
@) APt = o iDeg, T4 (748
_0.00018 X 1,160,000* X 16 X 4
E22 % 10% X 0.0605 % 1.0 X 1.0
= 43psi [Hq. (7.46)

(3') AP, = 5%2%,;;3@ [Eq. (744)]| (38) AP, = i‘-f";-};f {Fig. 27]
= 5?2'.2,0;913}(“5 ?’m Z iﬁ}sizf.o =252 %018 = 2.0
= 7.0 psi
(4) APy = AP; + AP, [Eq. (7.47)]
=43 + 2.9 = 7.2 psi
Now proceed to the shell side.
{13) Clean overall coefficient Uc:
o - ity - ST - s /om0
(14) Dirt factor Ra: Up from (c) is 242. |
Ra= U002 o P8 2 = 00017 () ()CF)/Bu (613)
Summary
7 h outside 972
Ue 413
Up 242
Ra Caleulated 0.0017
R; Required  0.0020
7.0 | Celeulated AP | 7.2
10.0 | Allowable AP | 10.0

Discussion. Adjustment of the baffle space to use the full 10 psi will still not permit
the exchanger to make the 0.002 dirt factor. The value of Up Las been assumed too

high, Try the next size shell,
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Trial 2:
Try a 213£ in. ID shell with four tube passes and a 6-in. baffle'space. This corre-
gponds to 170 tubes.

Summary
720 h outside 840
Ue 390
Up 200

R4 Calculated 0.0024

ReRequired  0.002

9.8 Caleulated AP 4.9

10.0 | Allowsble AP | 10.0

The use of six tube passes exceeds the allowable tube side pressure drop.
The final exchanger will be

Shell side Tube side
ID = 2114 in. Number and length = 170, 16'0"”
Bafle space = 6 in. 0D, BWG, pitch = 1in., 14 BWG, 1}4-in. tri.
Pagges =1 Pasgses = 4
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