
Jan. 25, 1966 L, HELLER ETAL 3,231,013 
CONTROLLING THE HEAT EXCHANGERS OF AIR CONDENSATION APPARATUS 

Filed Jan. 27, 196 4. Sheets-Sheet 

M INVENTORs 
AASZZO HAZAAA 4ASZLOFAGO, 

BY 2 Jaros aodas. 

2622. 
A 77 Oa MAFYS 

  



3,231,013 HELLER ETA Jan. 25, 1966 
CONTROLLING THE HEAT EXCHANGERS OF AIR CONDENSATION APPARATUS 

4. Sheets-Sheet 2 Fied Jan. 27, 96. 

INVENTORS 
AASZAOA/AZZA7, AASZAOA/26o 

by f 770s ao04. 
224 22. 

A770AMAYS 

766ers, 
22 

  



Jan. 25, 1966 L. HELLER ETAL 3,231,013 
CONTROLLING THE HEAT EXCHANGERS OF AIR CONDENSATION APPARATUS 

Filed Jan. 27, 196 4. Sheets-Sheet 3 

INVENTORS 
AASZAOA/AZAAAASZAOA/co 

f Jayas 3odas. 
Z3-4ert, 
7tea-la-1) f 

A77 Oa/Ya YS 

  



Jan. 25, 1966 HELLER ETAL 3,231,013 
CONTROLLING THE HEAT EXCHANGERS OF AIR CONDENSATION APPARATUS 

Fied Jan, 27, 196 4. Sheets-Sheet 4. 

S 

s 

22 Ža 

INVENTORS 
AASZAOAA4A72,44740 ft260, 

BY f 7/0, 20AAS 

A772a MAYS 

  

  



United States Patent Office 3,231,013 
Patented Jan. 25, 1966 
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sito Vallalat, Budapest, Hungary 

Filed Jan. 27, 1961, Ser. No. 85,339 
4 Claims. (C. 165-97) 

This invention relates to controlling the heat exchang 
ers of air condensation apparatus. 
As is known, in the so-called air condensation ap 

paratus of power plants the exhaust steam of turbines 
is condensed indirectly by means of atmospheric air. 
Such apparatus are used on sites where no sufficient 
quantities of cooling water is at disposal. Their charac 
teristic feature is that they operate without any loss of 
water, due to the water serving for cooling purposes 
being circulated in a closed system. Condensation of the 
exhausted steam of the steam turbine is effected in a 
jet condenser by cooling water, naturally with the re 
sult of the coolant being warmed-up. The hot cooling 
water is withdrawn from the condenser by means of a 
circulating pump and supplied into a heat exchanger ap 
paratus of large surface swept by a stream of atmospheric 
air. In such heat exchanger apparatus the cooling water 
is cooled down whereafter it is returned into the jet 
condenser for being mixed with exhaust steam as before. 
The cooling output of the heat exchangers of such 

apparatus is to be calculated so as to enable it to cool 
down the cooling water to an extent which is necessary for 
an economic operation of the steam turbine even if the 
latter is under maximum load and, consequently, a maxi 
mum amount of steam has to be condensed and, at the 
same time, the temperature of the atmospheric air reaches 
its upper limit. 

Thus, the output of the heat exchanger apparatus is 
too great whenever the amount of steam introduced into 
the jet condenser is less than the maximum value or else 
the temperature of the atmospheric air is inferior to the 
maximum temperature value taken as basis of dimension 
ing. In such cases, the cooling water would excessively 
be cooled down which, on the one hand, is disadvantageous 
as regards the economic operation of the steam turbine 
and, on the other hand, can entail a freezing of the 
cooling water in the heat exchangers and thereby a de 
struction thereof whenever the temperature of the atmos 
pheric air is below freezing point. 
. At present, two methods are known for controlling the 

thermal output of heat exchanger apparatus associated 
with air condensation systems. One of these methods 
consists in that the amount of cooling water circulated 
across heat exchanger elements is decreased whereby, 
however, the heat transfer coefficient of the heat exchang 
er apparatus and the mean temperature difference be 
tween air and water diminish so that also the thermal 
output of the heat exchanger apparatus decreases. How 
ever, by means of such type of control the tempera 
ture of the cooling water withdrawing from the heat 
exchanger constantly decreases with the diminishing 
amount thereof so that such a control may be applied 
only until the temperature of the cooling water with 
drawing from the heat exchanger apparatus approaches 
the freezing point. 

According to the other method suitable for controlling 
the output of heat exchanger apparatus of air condensa 
tion systems a part of the heat exchanger apparatus is 
disconnected with the circulation of the cooling water in 
which case the dicsonnected heat exchangers do not ex 
tract heat. Such system of control is, principally, ca 
pable to alter the output of the heat exchanger apparatus 
within any limits. However, an economic establish 

5 

IO 

20 

30 

45 

50 

55 

60 

65 

70 

2 
ment of heat exchanger apparatus requires the number 
of disconnectable parts to be restricted to a minimum. 
Viz., each individually disconnectable heat exchanger 
part requires a great number of expensive armatures or 
fittings associated with it so that an excessively great 
number of heat exchanger parts entail a considerable in 
crease in investment costs. Apart from such surplus 
expenses the aforesaid method of control unnecessarily 
increases the number of fillings which being delicate op 
erations are undesirable. Namely, if in the course of 
filling subsequent to a previous emptying air remains in 
one of the heat exchanger passages, it prevents there the 
setting-in of circulation of the cooling water with the 
result of a freezing-in of the respective heat exchanger 
element. 

Neither a simultaneous application of both aforesaid 
control methods gives the possibility of adjusting the 
temperature of the water withdrawing from the heat 
exchanger apparatus to an actually required optimum 
value at any quantities of steam to be condensed and at 
any temperatures of atmospheric air. 
The main object of the present invention is to propose a 

new apparatus for the control of the thermal output of 
heat exchanger apparatus the use of such control with 
known devices permitting the temperature of the cooling 
water supplied by the heat exchanger apparatus to al 
ways correspond to the desired optimum value. 
The new control method according to the invention is 

based on the idea of the possibility of running two-way 
cross-flow heat exchanger apparatus in cross counterflow 
connection as well as in cross parallel flow connection, 
respectively. 
As is known, heat exchangers used with air condensa 

tion systems are built up of a plurality of heat exchanger 
elements each of which receives the cooling water at 
its bottom portion and conducts it through a group of 
finned parallel tubes to a top portion. Here, a return 
chamber serves for reversing the flow direction of the 
cooling water which flows through a second group of 
tubes of the heat exchanger again to the bottom portion 
thereof where it withdraws through an outlet stub. In 
both groups of tubes or heat exchanger sections the air 
flow is of the cross-flow types. 

In case of Such heat exchanger elements, the con 
nection is labelled as cross parallel flow if the admitted 
cooling water contacts fresh air in the first one of the 
aforesaid groups of tubes or heat exchanger sections 
whereas in the second one it is the cooling water al 
ready cooled down and the warmed-up air which contact 
each other in a cross-flow type heat exchange (FIG. 1). 

Cross counterflow connection consists in an arrange 
ment wherein the cooling water introduced into the heat 
exchanger element first contacts air already warmed-up 
in the second section or group of tubes, a contact with 
fresh air taking place in the latter (FIG. 2). 

Furthermore, it is known that the thermal performance 
of heat exchangers is less in cross parallel flow connec 
tion than in cross counterflow connection under otherwise 
identical conditions. 
Such variety of possible heat exchanges offers a further 

possibility of adjusting the output of heat exchangers used 
with air condensation systems. Viz., besides both afore 
said methods of adjusting the thermal output also use 
is made of wholly or partly switching over a heat ex 
changer apparatus from cross counterflow to cross paral 
lel flow type of connection. 
The heat exchanger elements have to be constructed 

so as to discharge the water immediately upon stopping 
of its circulation. Namely, if circulation of the cooling 
water is stopped in the heat exchangers because of stop 
ping of its circulating pump and the temperature of the 
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cooling air happens to be below the zero point, the cool 
ing water quickly freezes in the tubes of the heat ex 
changers which will be destroyed thereby. Therefore, it 
is important that the cooling water be automatically 
drained off immediately upon stopping of the circulat 
ing pump of the heat exchanger apparatus. Obviously, 
the means serving for the aforesaid switching-over must 
not prevent an automatic drainage of the respective heat 
exchanger element and of the piping associated therewith. 
A further requirement in connection with heat ex 

changers of air condensation systems is that the pressure 
of water therein be anywhere superior to the atmospheric 
pressure since this is the only way to warrant that no 
air enter the heat exchanger at probably defective places. 
Moreover, such places should immediately be indicated 
by water spouting therefrom. Thus, a further object of 
the invention consists in the provision of a switching-over 
apparatus which prevents the pressure of the cooling water 
to drop below the atmospheric pressure anywhere in the 
heat exchanger apparatus. 

Finally, it is required with heat exchangers of the 
above described type that any switching-over thereof be 
quickly feasible so that circulation of the cooling water 
be interrupted only for a time period of at most one 
to two minutes. 
The invention will hereinafter be described in closer 

details by taking reference to the annexed drawings FG. 
3 of which shows, by way of example, an embodiment 
of a heat exchanger apparatus according to the invention 
capable of being switched over from cross counterflow 
to cross parallel flow connection and vice versa, FIGS. 1 
and 2 illustrating the already explained principles of Such 
connections. 

FIG. 4 shows an embodiment of the invention for 
operating a plurality of heat exchange elements. FIG. 5 
is a schematic diagram of a hydraulic system for Switch 
over of the heat exchange apparatus of the invention. 

FIG. 3 shows an element of a heat exchanger suitable 
for air condensation systems referred to above. It con 
sists of a pair of groups of tubes or sections 13 and 14 
serving for cooling down a coolant, i.e., water introduced 
via a supply pipe conduit 2 and returned to a not-repre 
sented jet condenser of the system via a return pipe con 
duit 3. Cooling down of the water is effected by atmos 
pheric air flowing, in the instant case, in the direction of 
arrows . The top portion of the represented heat ex 
changer element is formed by a return chamber 5 whereas 
at the bottom portion thereof an inlet stub 4 and an 
outlet stub 6 for introducing and withdrawing, respec 
tively, of the cooling water are provided. In operation of 
the heat exchanger element in a cross counterflow type 
of contact between cooling water and air the former fioWs 
from the pipe conduit 2 through the stub 6 and section 
14 of the heat exchanger into the return chamber 5 
wherefrom in the direction of arrow 1 it enters the heat 
exchanger section 13, reaches the stub 4 and withdraws 
through pipe conduit 3. 

In case of cross parallel connection the water flows 
through pipe conduit 2, stub 4 and section 13 in the direc 
tion of arrow 2 into the return chamber 5 wherefron 
it withdraws through section 4, stub 6 and pipe con 
duit 3. 
As shown in the drawing, both stubs 4 and 6 are con 

nected to both pipe conduits 2 and 3, respectively, for 
which purpose various valve means such as gate valves 
or sluices are provided. Viz., stub 4 is connected to pipe 
conduits 2 and 3 by means of valves 7 and 8, whereas 
stub 6 communicates with both pipe conduits 2 and 3 
through valves 10 and 9, respectively. 
A tank 15, serving for storing the water drained off 

from the heat exchanger element, is connected to the 
conduits of the cooling water by pipe conduits 16 and 17 
upstream the valves 8 and 10, respectively. The pipe con 
duits 16 and 17 comprise valves 18 and 19, respectively. 
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4. 
Switching-over of the above described apparatus from 

cross counterflow connection to cross parallel flow con 
nection is carried out in the following manner: 
As has been shown, in case of cross counterflow opera 

tion, the cooling water is introduced into the heat ex 
changer element through valve 10 and stub 6 whereas 
it withdraws therefrom through stub 4 and valve 7, valves 
8 and 9 as well as valves 18 and 19 then being closed. 
In order to switch over first valve 7 is to be closed 
whereafter valve 8 may be opened. This sequence of 
handling the valves prevents the pressure in the cooling 
element to drop below the normal operating pressure dur 
ing Switching-over. Then, valve 10 is closed and finally 
valve 9 opened whereby switching-over to cross parallel 
flow connection has been carried out. In this case, the 
cooling water flows from pipe conduits 2 through valve 
8 and stub 4 first into heat exchanger section 13 and 
then into heat exchanger section 14 wherefrom it with 
draws through stub 6 and valve 9 into the return pipe 
conduit 3. Valves 7 and 10 as well as valves 8 and 
19 are now closed. 
Switching over from cross parallel flow connection to 

cross counterflow connection, that is, from a lower heat 
output to a higher thermal output is effected by closin 
valve 9 and opening valve 0. Then, valve 8 is closed 
whereupon valve 7 is opened. 
FIG. 4 shows an exemplified embodiment of the inven 

tion wherein the group of valves 7, 8, 9 and 8 as well as 
of the valve means E5, 6, 7, 8, 19 serve for operating 
a plurality of heat exchanger elements rather than one 
of them, such elements being arranged in parallel con 
nection by means of pipe conduits 22 and 23, the stubs 
4 being connected to pipe conduit 22, whereas the stubs 6 
are connected to pipe conduit 23. The means serving to 
Switch over and drain off are likewise connected to the 
pipe conduits 22 and 23. In the instant case, by switching 
Over the group of valves 7, 8, 9 and 19 in the manner 
described in connection with FIG. 3 all heat exchanger 
elements connected to the pipe conduits 22 and 23 are 
switch over from one type of operation to the other type 
thereof. 

In FIG. 5, a structure is shown wherein the switchover 
is effected by hydraulic means. In this embodiment, 
valves 7, 8, 9 and 10 correspond to the valves of FIG. 3, 
and the heat exchanger element is not shown. The 
valves are illustratively shown in the condition in which 
valves 8 and 9 are closed and valves 7 and 10 are open 
(cross counterflow condition). 
A supply of oil is maintained in reservoir 34 and is 

pumped under pressure by pump 33 from reservoir 34 
through change-over valve 3 to work cylinder 35 on 
the right or left of piston 35a, depending upon the posi 
tion of valve 31. In the illustrated position 30 of switch 
32, the high pressure oil enters cylinder 35 on the right 
of piston 35a and drives cam member 36 coupled to pis 
ton 35a to the left (arrow 38). Cam member 36 is 
shown at the beginning of its stroke to the left. 
Cam member 36 controls slide valves 37a, 37b, 37c 

and 37d which respectively control valves 7, 8, 9 and 
10. In the illustrated right position of cam member 36, 
the pistons of slide valves 37b and 37d are depressed and 
the pistons of slide valves 37a and 37c are elevated. In 
the left position of cam member 36, the positions of the 
slide valves are reversed. 
The oil from pump 33 is also led through branch lines 

through the casings of the slide valves and back to res 
ervoir 34. The casings are connected by further branch 
lines to the casings of valves 7, 8, 9 and 10. In the 
illustrated arrangement, the oil flow is such as to main 
tain valves 8 and 9 closed and valves 7 and 10 open. It 
will be apparent that the various air flow circuits are 
reversed when member 36 is moved to the left so as to 
open valves. 8 and 9 and close valves 7 and 10. 
When valve 32 is moved to position 31, the valves are 

restored to their illustrated condition. 
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ft will be further noted that the cams on member 36 
are positioned so that on movement of member 36 to 
the left, the sequence of valve openings and closings is 
as follows: initially, valves 8 and 9 are closed and valves 
7 and 10 are open. Then valve 7 is closed. Next valve 
10 is closed. Finally, valve 9 is opened. On reverse 
movement of member 36, the desired sequence of valve 
operations will also be obtained. 
What we claim is: 
1. In a heat exchanger for cooling water with atmos 

pheric air, a pair of heat exchanger sections through 
which water to be cooled is adapted to flow, said sections 
being arranged beside each other with one of said Sections 
in advance of the other with respect to the direction of 
air flow so that said one section is contacted by atmos 
pheric air before the other section, said heat exchanger 
sections respectively having adjacent each other a pair of 
communicating ends through which said heat exchanger 
sections communicate directly with each other, and said 
heat exchanger sections also having adjacent each other 
a pair of non-communicating ends opposed to said com 
municating ends, respectively, a pair of tubular stubs re 
spectively communicating with said non-communicating 
ends of said heat exchanger sections, a supply conduit 
for supplying warm water to be cooled, a return conduit 
for withdrawing cooled water from the heat exchanger 
sections, a pair of inlet valves both communicating with 
said supply conduit and respectively communicating with 
said tubular stubs, and a pair of discharge valves both 
communicating with said return conduit and respectively 
communicating with said tubular stubs, whereby said 
valves may be moved between open and closed positions 
providing a flow of water from said supply conduit first 
through said one heat exchanger section and then through 
said other heat exchanger section, to provide a cross par 
allel flow, or first through said other heat exchanger Sec 
tion and then through said one heat exchanger section 
to provide a cross counterflow in order to increase the 
thermal performance as compared to the thermal per 
formance during cross parallel flow. 
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2. In a heat exchanger as recited in claim 1, a pair 

of discharge conduits respectively communicating with 
said tubular stubs, and a pair of additional valves respec 
tively connected operatively to said pair of discharge con 
duits for maintaining them closed during normal opera 
tion of said heat exchanger sections, said additional valves 
when open quickly discharging both of said sections 
through said discharge conduits. 

3. In a heat exchanger as recited in claim 1, said sec 
tions together with said tubular stubs and valves forming 
a unit which is connected to said supply and return con 
duits with all of said valves branching from said supply 
and return conduits and with said supply and return con 
duits extending uninterruptedly past said unit so that a 
plurality of units may be served by said supply and return 
conduits even if all of said valves are closed to take said 
unit out of operation. 

4. In a heat exchanger as recited in claim 1, means 
cooperating with said valves for opening an inlet valve 
connected to one stub and a discharge valve connected 
to the other stub while closing the other two valves, said 
latter means first closing a previously opened discharge 
valve, then opening a previously closed inlet valve, then 
closing a previously open inlet valve, and finally opening 
a previously closed discharge valve in order to change 
the direction of flow of water through said heat eXchanger 
sections. 

References Cited by the Examiner 
UNITED STATES PATENTS 

2,844,319 7/1958 McGrath ------------- 236-1 
3,008,695 11/1961 Van Melle ----------- 165-50 

FOREIGN PATENTS 
809,510 2/1959 Great Britain. 

ROBERTA. O'LEARY, Primary Examiner. 
HERBERT L. MARTIN, CHARLES SUKALO, 

Examiners. 


