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Abstract-In the present work a mathematical model of the vapor distribution in single-pass, multiple- 
row, cross-flow condensers is proposed. An analysis of the performances of such condensers is carried out 
by varying both the row number and the effectiveness of each row. Some convenient configurations, which 
reduce the pressure drop between inlet and outlet plena or avoid the accumulation of noncondensable 

gases, are finally distinguished. 0 1997 Elsevier Science Ltd. 

1. INTRODUCTION 

Tubular heat exchangers are applied in many engin- 
eering fields [l, 21. The single-pass, multiple-row, 
cross-flow structure is most commonly used for air- 
cooled condensers. Nevertheless, in such application, 
if the inlet and outlet plena are common for all tube 
rows, problems with noncondensable contaminant 
accumulation and vapor back flow from one row to 
another often occur. Taking these problems into 
account complicates the tube condenser planning, 
mainly when the number of rows is high. For this 
reason, the planning is frequently carried out through 
simplifications of the problem on the basis of empirical 
experience. Therefore, many tube condensers used in 
practical applications are quite far from being the best 
solution with regard to the effectiveness and the costs 
for installation and working. 

An accurate stu,dy of the vapor back flow and of 
noncondensable contaminant accumulation phenom- 
ena has been performed by Berg and Berg [3] for 
single-pass, cross-flow, air-cooled condensers with at 
most four tube rows. They investigated, at first, the 
case of a condenser composed of tube rows with ident- 
ical effectiveness, supplied by vapor free from non- 
condensable contaminants, which was entirely con- 
densed inside the apparatus. By varying the row 
effectiveness they determined for each row if the vapor 
coming from the inlet plenum was entirely condensed 
in the same row or was circulated back through the 
outlet plenum into other rows. For the rows in which 
the vapor entered from both ends, they distinguished 
the point where the flux of vapor became zero. After- 
wards, taking the presence of noncondensable con- 
taminants into acc,ount, they calculated the portion of 

*Correspondence to : D.I.E.N.C.A., Via Zannoni 4S2, 
40 134 Bologna, Italy. 

each row in which these accumulated, for the limit 
case of row effectivenesses equal to 1. 

The analysis of the noncondensable contaminant 
accumulation in the condenser tubes was extended by 
Breber et al. [4]. These authors determined the vapor 
distribution and the noncondensable contaminant 
accumulation by varying the row effectiveness (equal 
for all the rows) for condensers with at most four 
rows. Recently, Breber’s analysis was extended [5] to 
the case of a condenser with up to 10 rows with differ- 
ent effectiveness. 

The vapor back flow in condensers with more than 
four rows and with different row effectiveness was not 
studied so far. In this work, we therefore present a 
mathematical model of a single-pass, cross-flow, air- 
cooled condenser with different row effectiveness and 
friction factors and with as many rows as desired, 
supplied by vapor free from noncondensable con- 
taminants. A calculation algorithm is presented, 
which allows a simple and fast solution of the model 
equations. With this model vapor back flow phenom- 
ena in condensers with up to 10 rows are studied (a 
higher number of rows is not of practical interest, as 
discussed in the next sections). The advantages com- 
ing from increasing the row number in cor- 
respondence with different values of the row effec- 
tiveness are evaluated. Moreover, some effectiveness 
value combinations for the different rows are analy- 
zed, paying particular attention to the improvements 
which can be obtained with regard to the global effec- 
tiveness and with regard to the production and work- 
ing costs of the condenser. 

2. THE MATHEMATICAL MODEL 

Let us consider a single-pass, cross-flow, air-cooled 
condenser, composed of N rows of horizontal tubes, 
with common inlet and outlet plena (Fig. 1). Let the 
pressure drops at both the tube ends be assumed neg- 
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NOMENCLATURE 

length of forward flow segment in the 
nth row (m) 
latent heat of vaporization (J kgg’) 
specific heat of the air (J kgg’“C-‘) 
global effectiveness of the condenser 
effectiveness of the nth row 
length of the tubes (m) 
mass flow rate of the air (kg s-‘) 
number of rows of the condenser 
air temperature before crossing the nth 
row (“C) 
vapor saturation temperature (“C) 
vapor flow rate across the outlet end 
of the nth row (kg SK’) 
vapor condensation rate per unit of 
tube length in the nth row (kg m-’ s-‘) 
reference vapor condensation rate per 
unit of tube length (kg m-’ s-l) 

W” vapor flow rate in the nth row (kg SK’). 

Greek symbols 
a” normalized length of the forward flow 

segment of the nth row 
Pll normalized vapor flow rate across the 

outlet end of the nth row 
6 normalized pressure drop between 

inlet and outlet end 
6* attempt value for the normalized 

pressure drop in the solution 
algorithm 

6, normalized pressure drop in the nth 
row 

ApPn pressure drop in the nth row (Pa) 
i, normalized vapor condensed in the nth 

row 
P density of the air (kg mm3). 

VAPOR AIR 

AIR LIQUID 
Fig. 1. Vapor back flow in a multiple-row, single-pass, cross- 

flow condenser. 

ligible, as well as the pressure changes induced by 
deceleration. Moreover, let us suppose that all the 
vapor, which flows into the apparatus, condenses 
completely inside, without accumulation of non- 
condensable contaminants. Since the inlet and outlet 
plena are common, the vapor which enters in some 
rows and does not condense recirculates into the other 
rows, entering from the outlet end. The condensate 
flows out along the bottom of the tubes by gravity. 

Let En be the nth row effectiveness. By definition it 
is : 

En = 
T ;+L-TTn 

s ” 

Tn and T,+ 1 being the temperatures of the air before 
and after crossing the nth row, T, the saturation tem- 
perature of vapor. If T, does not change very much 
with the pressure inside the tubes, the condenser can 
be assumed isothermal and T, constant for every row 
and along the row tubes. 

If the amount of condensate which flows along the 
bottom of the tubes slightly affects the heat transfer, 
the vapor condensation rate per unit of tube length 
can be assumed constant along each tube. For the nth 
row it can be calculated as : 

ti being the mass flow rate of the air which crosses 
the rows, L the length of the tubes, cp the specific heat 
of the air and il the latent heat of vaporization. It is 
possible to write : 

W, = $E.(T,--T,). 

Dividing w, by w,_ , , it is possible to obtain : 

w =$(I--E,_,)v._, fern> 1. n (4) 
n I 

Let us now consider the rows of the condenser in 
which vapor enters from both the ends. The vapor 
flow in the nth row, as a function of the longitudinal 
coordinate x, can be written as : 

W” = W&-X) (5) 

a,, being the length of the row segment in which vapor 
flows in the forward direction. The sign of W, indi- 
cates the direction in which the vapor flows. The flow 
of vapor crossing the outlet end can be calculated as : 
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q, = -w,(L-a,) (6) reduced to a dimensionless form by introducing the 

the negative sign indicate that the vapor crosses the 
following dimensionless entities : 

outlet end in the backward direction. 
Inside the tubes the pressure decreases for x varying P, =s (13) 

II 
from 0 to a, and increases from u, to L. Assuming the 
longitudinal pressure variation to be proportional to 
the square of the vapor flow [l], the pressure drop 
between 0 and a, is : 

Y” + (14) 
0 

6” =& 
0 0 

(15) s 0 

APT, =PO-P., = -kn W,’ dx 
=, 

k w2a3 =- nun 
3 (7) k, being a reference value and : 

(16) 

k, being a constant which can assume a different value 
for each row, on the basis of the kind of the tubes ; 

wg = %(T,- T,). (17) 

for example: smooth, corrugated or finned [6, 71. 
Moreover, the pressure drop between L and a, is : It must be noticed that [,, depend only on the row 

effectiveness : 

s L 

ApPn2 =pr-pa, = k W,’ dx 
Q” 

k,w;(L-u,J3 = 3 (8) 

El for n = 1 

I, = n--l 
E, n(l-EJ forn > 1’ (18) 

i= 1 
J 

For the rows in which vapor enters from both the 
The pressure drop between the inlet and the outlet ends (/I, < 0) we can then write : 
end of the nth row is then : 

ApPn = PO -pr = ApPn, - ApPn2 

k,wij[a: -(L-u,)~] For the other rows (fin > 0) : 
=- 

3 
6” = Yn(3P +35,B+6). (20) 

= 5$(2a: - 3La.Z + 3L2a, - L3). (9) For any value of a,,, equation (19) admits one and 
only one real value for #I,,, while equation (20) admits 

From equation (6) Apn can be written as a function of one and only one positive value for /In when 

u,: 6, 2 Y,i.‘. 
Since the inlet and the outlet plena are common, 

App. =F[2($)i+3L($y+3L2%+L3]. 
the pressure drop between one end and the other one 
in each row must be the same (6). By solving equations 
(19) and (20) it is then possible to write /In as a function 

(10) ofh: 

For the rows of the condenser in which no back 
flow occurs W,, C~I-I be written as : k [$(j~~ 

wn = w,(L-x)+ U,. (11) 

U, being the vapor flow which does not condense in 
the row and exits across the outlet end. The pressure Bfl@) = 4 

-Jm)- ;] 

drop between the inlet and the outlet end of the nth for 6 < yn[f 
row can then be calculated as : 

6 c in 
0 wz dx = kn[(wnL+ W3 - El 

----- 

&Pn=-k n 
s 

$_ 3y, 12 2 

L 3W” for 6 2 Y,C 

= ~(3LLI,z+3w.LW.+w;L3). (12) 
(21) 

Moreover, since the vapor which exits from the 
Both equations (10) and (12) are valid for the limit rows without back flow is equal to that flowing back 

case in which U, is zero. Moreover, they can be into the other ones, it must be : 
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By differentiating equations (19) and (20) or equation 
(21) it is possible to observe that for any row Bn is an 
increasing function of 6. That means that also C$ is an 
increasing function of 6 and only one value of the 
normalized pressure drop satisfies equation (22). 
Therefore, only one vapor distribution is consistent 
with the parameters of equation (21), which are deter- 
mined only by k, and E,,. 

Equation (22) can easily be solved with an iterative 
algorithm, such as the following, which is derivative 
based : 

&cd*) 
‘=‘*- /d4\ 

\ I iG 6* 

6* being the attempt value for 6 at each iteration. At 
the first iteration 6* can be assumed to be zero. Less 
than eight iterations are needed to reduce changes in 
6 to a negligible value. In order to make the algorithm 
faster it is convenient to calculate : 

(24) 

In the following sections we will utilize this solution 
algorithm to determine the vapor distribution in sin- 
gle-pass, air-cooled condensers with up to 10 rows, 
in correspondence with different values of the row 
effectiveness. Particular attention will be paid to the 
configurations which allow to increase the global 
effectiveness of the condensers or to reduce the pres- 
sure drop between inlet and outlet plena and the pro- 
duction and working costs. 

3. RESULTS 

3.1. Condensers with rows of the same effectiveness 
Assigning the same values kO and E,, to k, and E,, 

for any row, the solution algorithm proposed can be 
utilized to extend Berg and Berg’s analysis to the case 
of a condenser with as high a number of rows as 
desired. In Fig. 2 the normalized forward flow lengths 
CI, = an/L are shown vs EO varying between 0 and 1, 
for condensers with a number of rows from three to 
10. In the first case (N = 3) back flow occurs only 
in the first row and tends to reduce when the row 
effectiveness E, decreases. In the second case in cor- 
respondence with low values of E, back flow occurs 
also in the second row, whose normalized forward 
flow segment reaches a minimum value when E,, is 
equal to 0.3 1. In general, back flow appears in an 
additional row for every two rows added to the con- 
denser, in correspondence with ever lower values of 
E,. In every row higher than the first the forward flow 

segment, as a function of the common row effec- 
tiveness, presents a minimum value. 

In Fig. 3 the normalized vapor flow at the outlet 
end of each row vs EO is illustrated for condensers with 
three, four, five and 10 rows. When the common row 
effectiveness tends to 1 the flows in the rows other 
than the first converge at the same positive value, 
equal to - l/(N- 1) times the flow at the outlet end 
of the first row. In the limit case of E, equal to 1 in 
fact, the rows from the second to the last are identical 
because no condensation occurs in them. The vapor 
only flows through them and condenses in the first 
row entering from the outlet end. 

The normalized pressure drop between the inlet and 
outlet plena vs E,, are shown in Fig. 4(a) for con- 
densers with two to 10 rows. The higher values are 
obviously reached by the pressure drop of the con- 
denser with the lowest number of rows. By adding 
some more rows, the resistance to the vapor flow is, 
in fact, reduced. But the higher the number of rows 
is, the less the pressure drop decreases by adding one 
more row. Moreover, in condensers with more than 
four rows the normalized pressure drop presents a 
maximum value in correspondence with a value of EO, 
which becomes ever lower when N increases. 

In order to investigate the convenience of increasing 
the number or the effectiveness of the rows of single- 
pass, air-cooled condensers in presence of back flow 
phenomena, it is also important to analyze the global 
effectiveness, defined as : 

(25) 

TI and TN+, being identical to the input and output 
temperature of the air. The difference between this 
temperatures can be written as a function of the row 
effectivenesses : 

n-l 

T n+l -T, = E, ~(~-E~)(T~-T,) (26) 
i= I 

T Nfl -T, = $ Ennz(I-E,)(T,-T,). (27) 
n=l i= I 

We then obtain : 

(28) 

The global effectiveness Eg vs the common row 
effectiveness EO for different numbers of rows is shown 
in Fig. 4(b). We can observe that in a condenser with 
at least three rows, for &, greater than 0.7 ES hardly 
grows, while it presents an evident increase when E,, 
is low. Therefore, it is not useful to bring the row 
effectiveness beyond the quoted value, if this setting 
causes a noticeable increase of the costs relative to the 
production, the installation and the maintenance of 
the tubes. Moreover, an evident improvement in the 
global effectiveness is not always obtainable by 
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Fig. 2. Normalized lengths of vapor forward flow vs row effectiveness in condensers with three to 10 rows, 
which have the same effectiveness. 

increasing the number of the rows when the row effec- values of Es, while the biggest reductions of the pres- 
tiveness is high. sure drop are obtainable when E,, is high. 

In Fig. 5 the percentage changes in the pressure 
drop obtainable by increasing the number of the rows 3.2. Condensers with rows of different effectiveness 
are compared with those in the global effectiveness. When high values for the row effectiveness cause 
It is evident that the biggest changes in the global excessive costs for the installation and the functioning 
effectiveness occur in correspondence with the lowest of the condenser, it can be convenient to reduce the 
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Fig. 3. Normalized vaoor flows at the outlet end vs row effectiveness in condensers with N rows. which 
have the same effectiveness. 
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N=lO 
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Fig. 4. Normalized pressure drops between inlet and outlet plena (a) and global effectiveness (b) vs row 
effectiveness in condensers with two to 10 rows, which have the same effectiveness. 
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a b 

row effectiveness row effectiveness 
Fig. 5. Percentage changes in pressure drops between inlet and outlet plena (a) and in global effectiveness 
(b) vs row effectiveness, which are obtainable by adding a row to the condensers with two to nine rows, 

which have the same effectiveness. 

effectiveness of some of the rows, aiming to not notice- 
ably damage the global effectiveness. Therefore, it is 
interesting to take a condenser composed of rows with 
the same effectiveness as a reference and to evaluate 
how the global effectiveness changes as a result of the 
variation of the different row effectiveness. 

Let us vary the effectiveness of only one row at a 
time. It must be observed that the changes in the 
global effectiveness are independent from the row in 
which the effectiveness is varied. For condensers with 
two to 10 rows the percentage changes in the global 
effectiveness induced by the variation of the effec- 
tiveness of one row at a time, are shown in Fig. 6. In 
the previous section it has been noticed that for a 
condenser with rows of the same effectiveness E,, the 
global effectiveness is more sensitive to change in the 
row number and in E, when this last is low than 
when it is high. As references two different cases have 
therefore been chosen. In the first case [Fig. 6(a)] the 
effectiveness of all the rows is equal to 0.4 (low), and 
in the second case: [Fig. 6(b)] it is equal to 0.7 (high). 
It is evident in the: figures that the global effectiveness 
changes induced by the variation of the effectiveness 
of one row are still more noticeable when the row 
effectivenesses, which do not vary, are equal to 0.4 
than when they are equal to 0.7. In both cases the 
biggest changes in E, are obtainable in the condensers 
with the lowest number of rows. 

It must be noticed that by reducing the effectiveness 
of one row and k.eeping that of the other ones at an 
higher value, a lower global effectiveness is obtained. 
If the only constraint in setting the row effectiveness 
is the technology, in order to optimize the global 
effectiveness there is no use in assigning a row an 
effectiveness lower than the maximum available. In 
such a situation, the optimum global effectiveness is 
obtained when all, the rows have an effectiveness equal 
to the maximum made available by the technology. 
But if the planning of the condenser is constrained by 
the production and maintenance costs, as in most 
practical applications, by reducing the effectiveness of 
a row to the value obtainable with less expensive or 
more resistant materials it becomes possible to utilize 

more sophisticated technologies to increase the effec- 
tiveness of the other rows. 

It is therefore interesting to compare the global 
effectiveness obtained by varying the effectiveness of 
one row and keeping that of the other ones at the 
reference values quoted above, with that of a con- 
denser of the same production or maintenance costs. 
If we assume that the cost of a row is ideally pro- 
portional to its effectiveness we can compare the glo- 
bal effectiveness obtained with that of a condenser 
with the same average row effectiveness and with equal 
rows. In Fig. 6(c) the percentage changes between 
the global effectiveness obtainable in a condenser by 
varying the effectiveness of one row and keeping that 
of the other one equal to 0.4, and the global effec- 
tiveness of another condenser with the same number 
of rows and with the same effectiveness value for each 
rows equal to the average of the row effectiveness of 
the first condenser are reported for different values of 
N. Similar percentage changes relative to a reference 
common row effectiveness equal to 0.7 are shown in 
Fig. 6(d). From this point of view we can observe that 
the configuration in which all the rows have the same 
effectiveness is the least convenient. In any case the 
more the effectiveness of one row is different from 
the common value of the other ones the bigger the 
percentage changes in the global effectiveness are. 
Moreover, the greatest percentage variations are 
obtained in condensers with the lowest number of 
rows. 

By utilizing the proposed mathematical model we 
can now observe how the pressure drop between the 
inlet and the outlet plena varies in the same situations 
analysed above. It must be noticed that on the con- 
trary of the global effectiveness the pressure drop 
changes depend on the row in which the effectiveness 
is changed. In Fig. 7 the percentage variations between 
the pressure drop obtainable in a condenser by varying 
the effectiveness of one row and keeping that of the 
other ones equal to 0.4, and the pressure drop in 
another condenser with the same average row effec- 
tiveness but equal rows are reported for different 
values of N. Similar patterns, relative to a reference 
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a b 

0 0.5 1 
one row efi ectiveness 

0 0.5 1 
one row effectiveness 

cl 

one row effectiveness one row effectiveness 
Fig. 6. Percentage changes between the global effectiveness of a condenser in which the effectiveness of one 
row is varied while that of the other ones is kept at the same value [0.4 in (a) and in (c), 0.7 in (b) and (d)], 
and the global effectiveness of a condensers with rows of the same effectiveness, which is equal to the 

maximal [(a) and (b)] or to the average row effectiveness of the first condenser. 

common row effectiveness value equal to 0.7, are 
shown in Fig. 8. In both the figures the pattern relative 
to the variations in the effectiveness of the first row 
noticeably changes shape by increasing N. This is 
more evident in Fig. 8. Similar changes also appear 
for the variations of the effectiveness of the second 
row for high values of N in Fig. 7. We can observe 
that, by reducing the effectiveness of the first rows, it 
is also possible to reduce the pressure drop between 
inlet and outlet plena without altering the costs of the 
condenser. When the reference effectiveness is equal 
to 0.7 and N is high (greater than 5), this is possible 
by reducing the effectiveness of all the rows with 
exception of the first. 

We must notice that in the practice reductions in 
the pressure drop between inlet and outlet plena gre- 
ater than those shown in Figs. 7 and 8 can be obtained 
by reducing the effectiveness of one row. In order to 
increase the row effectiveness, in condensers cor- 
rugated or finned tubes are often used [8-121. These 
tubes oppose a higher resistance to the vapor flow. 
By avoiding such expedients for one row, the global 
resistance of the condenser to the vapor flow can be 
reduced. 

3.3. Designs which avoid backjlow 
At the beginning of the condenser functioning, as a 

consequence of back flow, if the vapor is not com- 
pletely free from noncondensable contaminants, these 

accumulate in the rows at those points where the pres- 
sure is lower. The accumulation of noncondensable 
contaminants noticeably reduces the global effec- 
tiveness of the condensers. 

With the same approach as in Section 2, by letting 
the row effectiveness be zero in the segment in which 
contaminants accumulate, it is possible to determine 
the vapor flow patterns and the global effectiveness 
for a multiple-row, single-pass, cross-flow, air-cooled 
condenser supplied by vapor containing non- 
condensable contaminants [4, 51. In Fig. 9 the global 
effectiveness of such a condenser with rows of the 
same effectiveness is reported and compared with that 
of a condenser supplied by vapor free from con- 
taminants. It is possible to observe that the accumu- 
lation of contaminants causes reduction in the global 
effectiveness which are greater when the number of 
rows is high and the row effectiveness is low. 

To prevent noncondensable gas accumulation some 
condenser designs have been studied [3]. One of them 
consists in avoiding back flow by reducing the effec- 
tiveness of the first rows. This solution causes an 
unavoidable decrease of the global effectiveness 
regarding that of a condenser with all the rows of the 
highest effectiveness, but can be very convenient, as 
discussed above, when the costs are constrained. 

By using the proposed mathematical model we can 
now evaluate the convenience of a condenser in which 
vapor flows only in the forward direction in com- 
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Fig. 7. Percentage changes between the pressure drop in a 
condenser, in which the effectiveness of one row is varied 
while that of the other ones is kept at the same value (0.4), 
and the pressure drop of a condenser with rows of the same 
effectiveness, which is equal to the average row effectiveness 
of the first condenser. Changes induced by the variation of 
the effectiveness of the first (thick dots), the second (thin 
dots), the third (dashes and dots), the fourth (dashes) row 

and of each of the others (solid). 

parison with another with the same average row effec- 
tiveness of the first one but with all rows having the 
same effectiveness. In absence of back flow, in the first 
condenser /I,, must be zero and the product y,<,’ must 
be the same in every row. If the friction factor is the 
same in every row, the vapor flow must also be the 
same. From equation (4) it then follows : 

E ?I+1 E,, = ~ 
1 +&+I . 

By assigning an arbitrary value to the effectiveness of 

N=3 

g 3oy 

??

F3 
& 
Q-10 

0 0.5 1 
one row effectiveness 

5 
2 
E-5’ 

0 0.5 1 
one row effectiveness 

N=lO 

one row effectiveness 
Fig. 8. Percentage changes in the pressure drop as in Fig. 8, 
but with a common row effectiveness reference value equal 

to 0.7. 

the last row we iteratively obtain the effectiveness of 
the other rows for the first condenser. It must be 
noticed that only the effectiveness of the last row in 
such a configuration can assume an arbitrary value 
between 0 and 1, while the maximum values of the 
effectiveness of the other rows are constrained, 
depending on the order. Therefore, the following 
analysis is carried out by referring to Ew 

In Fig. 10 the percentage changes between the glo- 
bal effectiveness (a) or the pressure drop (b) of the first 
condenser and those of the second one are reported for 
EN varying between 0 and 1 and N between 3 and 10. 
We can observe that the percentage changes in the 
global effectiveness are always positive, while those in 
the pressure drop are always negative when N is high. 
The first condenser performs therefore better from the 
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Fig. 9. (a) Global effectiveness vs row effectiveness in condensers with two to 10 rows, which have the same 
effectiveness, supplied by vapor containing noncondensable contaminants. (b) Percentage reduction in the 

global effectiveness due to the contaminant accumulation. 

E N-10 
is-4 

0 0.5 1 
N-th effectiveness N-th effectiveness 

Fig. 10. Percentage changes in (a) the global effectiveness ; or (b) in the pressure drop of a condenser, in 
which no back flow occurs, referring to a condenser with rows of the same effectiveness, which is equal to 

the average row effectiveness of the first condenser. 

point of view of the global effectiveness and, for a large 
range of EN, which increases with the row number, it 
is also expedient from the point of view of the pressure 
drop between the inlet and outlet plena. 

The behavior of the changes in the pressure drop 
depend on the following reason. For a given w, the 
pressure drop in the row is lower when back flow 
occurs. Moreover, the pressure drop is proportional 
to the square of w,, which grows proportionally to the 
row effectiveness. As seen in Section 3, in condensers 
with many rows with the same effectiveness, back flow 
does not occur in most of the rows, and in some others 
appears just for a short length. The advantages of the 

reduction in the pressure drop due to the back flow 
are therefore smaller when the condenser has many 
rows, and do not overcome the disadvantages con- 
nected with the higher effectiveness of the first rows. 

4. CONCLUSIONS 

The proposed mathematical model is useful to 
determine the vapor distribution in single-pass, mul- 
tiple-row, cross-flow, air-cooled condensers, supplied 
by vapor free from noncondensable contaminants. 
The solution of the model equations requires very 
short computing times (a few tenths of second on 



computer PC 486 11X loo), for great numbers of rows progressively reduce the effectiveness of the rows from 
as well. The results provided by the model are inter- the penultimate to the first. In such a manner it is in 
esting also for the planning of those condensers which fact, possible to let vapor flow only in the forward 
operate in presence of noncondensable contaminants, direction. Also if no contaminant is present a higher 
as in many cases of common practice. At the beginning global effectiveness and a lower pressure drop are 
of the functioning the contaminants accumulate, in obtainable with this design at the same costs. 
fact, inside the rows as a consequence of the back 
flow. The knowledge of the vapor flow patterns during 
this initial phase could be useful in order to develop 
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