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SIMPLIFIED CALCULATION FOR COOLER CONDENSERS
FOR GAS-MULTICOMPONENT VAPOUR MIXTURES
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Abstract—*Three points method”, a simplified calculation for cooler condensers is applied to the
system of gas-multicomponent vapour, It is shown that the results of calculation are in agreement
with the experimental values with a satisfactory accuracy.
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NOMENCLATURE

area of transfer surface, [m?];

specific heat, [kcal/kg degCj;

mass velocity of gas vapour

mixture, [kg/m?2 h];

coefficient of heat transfer,
[kcal/m? h degC};

combined conductance other

than the gas film [kcal/m® h

degCl;

j factor in heat transfer;

thermal conductivity, [kcal/m h

degCl;

mass-transfer coefficient, [kg-

mole/m? hj;

molecular weight;

total pressure in condenser,

fmm Hg];

partial vapour pressure, [mm

Hegl;

heat transferred, [kcal/h];

temperature, [°C];

[degCl;

latent heat of vaporization,

fkcal/kg-mole];
Prandtl number;
Schmidt number.

inlet of gas;
outlet of gas;
average value;

* Present address: Kawasaki Dockyard Co. Ltd.
T Present address: Mitsui Chemical Co. Ltd.
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c, condensate film;

g, gas main stream or gas film;
i, interface;

1, cooling water;

m, middle point.

INTRODUCTION

Smce Colburn and Hougen [l] published a
stepwise calculation method for the thermal
design of cooler condensers, a large number of
methods have been proposed by various investi-
gators [2-7]. Recently Mizushina et al. proposed
“Three points method”, a simplified calculation
which takes a short time to perform and gives
fairly accurate results.

All of these methods are applicable to gas
mixtures which contain only one kind of vapour.
Though the graphical method may be extended
to multicomponent systems as suggested by
Mizushina et ¢l. [8] and Porter and Jeffreys [9],
it is erroneous and terribly tedious.

In this paper “Three points method” will be
extended to multicomponent systems.

1. PROCESS OF CALCULATION

(a) The gas rate, the vapour concentrations
and the gas temperature at inlet, the percentage
of moles of vapour to be condensed and the
temperature of cooling water available may be
given.

(b) Assuming that the outlet gas mixtures are
in equilibrium with the liquid of the concentra-
tion of the vapour component ratio in the inlet gas
mixture, and calculating the total vapour pres-
sure there from the values in (a), the temperature
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ond the partial pressure of each vapour com-

gent e determined. Since this is not the
actua! case, the values thus determined may be
errcneous. The discrepancies of the calculated
values from the measured ones are shown in the
example calculation. These, however, do not
cause the serious error in the final results on the
heat transfer surface area.

(c) From the total heat balance, the total heat
transferred and the rate and the outlet tempera-
ture of the cooling water are determined. In
this balance, the temperature of the condensate
is assumed to go down to that of cooling water
for the sake of conservative calculation.

(d) A fictitious middle point where the gas
temperature, the rate of each component of
vapour, and the cooling water temperature are
the arithmetic mean of those at gas inlet and
outlet is assumed.

(¢) The heat balances of Colburn-Hougen
type as shown below are applied to the three
points, i.e. inlet, middle and outlet to calculate
the temperatures at the interface between con-
densate film and gas at those points.

P — X pi
Bo(ti — 11) = hg (tg — 1)) + Mg In Pw%ﬁq
(M

The average value of the combined con-
ductance /s, can be calculated from the heat-
transfer coefficient of cooling water and the
vapour film coefficient computed from Nusselt’s
equation. This average value is used for the all
three points.

The gas film coefficient of heat transfer, A,
and that of mass transfer, k,, are calculated
from the following equations:

o Y Cg G ®

l?y = (Pr)l/z (2)
. JG .

Ko =, (scy )

In these equations the average values of Pr and
Sc are used for all the three points.

(f) As shown in Fig. | the relation of At = £; —
t; and Q is assumed to be represented by two
straight lines—the dotted lines—between the

'*'Evth'é' case of éas syStem [10], the power to Prar;dtl
and Schmidt modulus is 1/2 rather than 2/3.
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Fig. 1. (1 — 1) vs. Q.

inlet and the middle point and between the
middle and the outlet point respectively, though
the actual temperature difference is supposed to
be as the solid line curve. Hence, the heat-transfer
surface area can be calculated by

R & o
ho {{(m)l — (Am] / [2‘3 log ({At))‘”
: _onr

3 4)

e

e e T -

] _( 310g B0)m

o {180 — a0l [23108 5"

On the other hand, assuming that the curve

of 1/Ar vs. Q is parabolic, so called Simpson’s

method was applied to calculate the surface
area, but the error was larger than that of (4).

2. EXPERIMENTS

The experimental apparatus is a vertical single
tube cooler condenser the same as described in a
previous paper [7]. In the inside copper tube of
219 mm id., 286 mm o.d. and 0-128 m? in
effective area, the gas mixture flows, and in the
annular space between the inside tube and
outside polyvinyl chloride tube of 51-5 mm i.d.,
the cooling water flows countercurrently to gas
flow. The systems studied are, air-methanol-
water, air—methanol-benzene, air-benzene-
water, air-toluene—water, and air-acetone-—
methanol-water. The data are listed in Tables |
and 2.
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3. EXAMPLE OF CALCULATION
Run No. 17 of the experiments will be taken
as an example.

(a) Problem
Gas and vapour rate at inlet:

air; 3-89 kg/h pa = 263-2mm Hg
methanol; 4-95 kg/h pm = 304-4mm Hg
benzene; 7-66 kg/h pp = 192-4mm Hg
total; 16-50 kg/h P =760 mmHg

Gas temperature at inlet: #,, = 75-5°C.

Vapour to be condensed: 75-3 mole 9.

Cooling water rate: 2010 kg/h.

Cooling water temperature: #;, = 8-8°C.
(b) Gas outlet condition

Assumed concentration of liquid contacting
the gas at outlet

. 304-4
3044 - 1924

The vapour pressure in equilibrium with the
liquid:

= 0-612 methanol.

methanol; pae = 161-4mm Hg

benzene; ppz = 80-3mm Hg.
Hence,

air; 3-89 kg/h

methanol;  1-34 kg/h

benzene; 1-62 kg/h.

The temperature of gas: £y, = 38-:0°C.

For comparison, the measured values at
outlet will be shown:

pumz = 1353 mm Hg
ppz = 105-4mm Hg
tg, = 43-8°C.

These discrepancies will not cause serious error
in the final result on the heat-transfer surface
area.

(¢) Total heat balance
(3-89) (0-24) (755 — 38:0) =
35 keal/h

air;

methanol; (1-34) (0-4) (75-5 — 38-:0) 4 (495
— 1-34) x [(0-4) (755 — 647)
+ 260 + (0-612) (647 — 8-8)]
= 1099 kcal/h.

(1-62) (0-28) (75-5 — 38-0) + (7-66
— 1-62) x [(0-28)(75-5 — 8-8)
-+ 106-2] = 768 kcal/h

.0 =354 1099 + 768 =

1902 kcal/h.

benzene;

Cooling water outlet temperature;

1902

ty = m + 88 = 9-7°C.

(d) Condition at the middle point

75:5 4 38:0
=TTy

Rate of air = 3-89 kg/h.

= 56-8°C.

495 4 1-34
Rate of methanol = ———{2_*— = 3-15kg/h
66 - 1-6
Rate of benzene = 7—6—:“;—2 = 4-64kg/h
. (760)(389/29)
Pam =389 315 464 4159 mm Hg
2% T3t R
_ (760)(3-15/32) .
PMm = 3789 3_1§ 464 = 2143 mm Hg
9 T3 TR
(760 (464/718) |y

P T3y 315 464
39 T3 TR

_ 88+97

) 5 =93°C.

4

(e) Interface temperature

Combined conductance /,:
water film coefficient was obtained from the
preliminary experiment. In a design calculation,
this value should be obtained from one of heat
transfer equations:

h; = 1580 kcal/m? h degC.
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Vapour film coefficient can be calculated with
Nusselt’s equation from the following values:
pem = 843 kg/m3
pem = 0:530 c.p. = 191 kg/m h
kem = 0-144 kcal/m h degC
(495 + 7-66) — (1-34 + 1-62)

r (0-0219) (3-14)

=140kg/mh
S he =950 kecal/m? h degC

L1, 00219/ 1
=950 T 0-0286 \ 1580
= 650 kcal/m2 h degC.

*

Gas film coefficients h, and kg: at middle
point

Cy,. = 0-299 kcal/kg degC, M, = 40.
Hence, from Eucken’s equation

0-299

2-48
0-299 - a0

(Pr)a,v = = 0-83.

The binary diffusion coefficients for air—
methanol and air-benzene can be calculated
from one of the equations for estimation of them
as

(Par)m = 0:190 cm?/s = 0-0684 m2/h
(Z48)m = 0-116 cm?/s = 0-0418 m?3/h.

Approximately (2 4m)n may be computed from

(@arin = seagrs=+ (1 = xe) g
where x¢ =: mole fraction of methanol of the
condensate at outlet = 0-595
(Zam)m = 0-0544 m2/h.
Again, at middle point
Py, = 1-478 kg/m?
tg,, = 0-0459 kg/m h.

Hence

0-0459
(Sc)av =

aar8y0-054dy — 071

Then, at inlet point

16-50
(=/2)(0-0219)2

ng = 00486 kg/m h

o (0:0219)(43830)
€= 77700486

The preliminary experiment gives

J = 0-0248 (Re)—02 S j =0-00343.
And Cy; = 0-317 kcal/kg degC, M, = 42-6
Putting these values into (2) and (3)

G = — 43830 kg/m? h

= 19750.

. (0:00343) (0:317) (43830)
g = (0.83)1/2
= 52-5 kcal/m? h degC
0-00343) (438
L — (0-00343) (43830) _ 4-68 kg-mole/m? h.

‘T @) 05T

Average value of molal heat of vaporization:
Mgy = 7930 kcal/kg-mole.

Thus, (1) becomes

650 (t; — 9-7) = 52-5(755 — 1) +

760 — 3 o
7930 x 468 X 23 log 10— P!

760 — 4968
t; = 43-3°C
s (A); =43-3 — 9-7 = 33-6 degC.
Applying the same process of calculation as

shown above to the middle and outlet point, the
following results are obtained.

At middle point
Re = 14800
hy = 37-1 kcal/m? h degC
kg = 374 kg-mole/m? h
= 32-9°C
(ADm = 329 — 9-3 = 23-6 degC.
At outlet point
Re = 9230
hg = 21-9 kcal/m? h degC

kg = 2-77 kg-mole/m? h
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t; = 18-1°C
(Af),=18-1 — 88 = 93 degC.

(f) Heat-transfer surface area

From (4)
_(1902) (2-3) [log(33-6/23-6)
T (2)(650) | 336 — 236
log(23-6/9-3)] .
"ﬁ%ﬁ@?]—OM““
0-146 — 0-128
error = (——mz—S——) (100) = 4 [4-1 percent.

On the other hand, Simpson’s calculation gives

Ao {192y my L 4]
4m'aﬁﬁﬁﬁﬁ
= 0-149 m?

0-149 — 0-128

error = ( 0-128

)(100) = -} 16-4 per cent.

4. RESULTS OF CALCULATION
The results of calculation for the transfer
surface area are listed in Tables 1 and 2, which
are in fairly good agreement with the experi-
mental value. And the results of (4) seem to be
better than those of Simpson’s method.

5. CONCLUSION
The simplified method, i.e. “Three points
method” can be applied to the calculation of
cooler condensers for gas-multicomponent
vapour system and gives a satisfactory accuracy,
not so high as the case of one vapour component
(error for which is within 10 per cent) but still

good enough for the design purpose in a short
time computation. Instead of the middle point,
1/3 and 2/3 point may be assumed. This “Four
points method” may be better than ‘“Three
points method”.
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Résumé—“La méthode des trois points” qui simplifie le calcul des condenseurs refroidisseurs est
appliquée aux systémes de vapeur a plusieurs composants gazeux. On montre que les résultats du
calcul sont en accord avec les valeurs expérimentales suivant une précision satisfaisante.

Zusammenfassung—Die ,,Drei-Punkt-Methode*, ein vereinfachtes Verfahren zur Berechnung von
Kiihler-Kondensatoren, wird auf das System Gas-Mehrkomponentendampf angewendet. Die Ergeb-
nisse der Rechnung stimmen befriedigend mit den Versuchsresultaten iiberein.

Angoranua—MeTo TpEX TOUEK ——yHIPOIMEHHE cII0cO0 pacuyéra KOHJEHCATOPOB IPUMEHSe-
TCA IUIA CHCTeM Ta3-MHOTOKOMIOHEHTHHI map. Ilokasano, 4To pesynbTaThl BEYMCIEHHA C
ZOCTATOYHOM TOYHOCTHIO COTJIACYIOTCA ¢ OKCNEPUMEHTAJBHBIMM BeJIMYMHAMH.



