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A DECAY HEAT REMOVAL SYSTEM REQUIRING NO EXTERNAL ENERGY 

0. COSTES. J. FERMANOJIAN 

I. INTRODUCTION. 

A new Decay Heat Removal System is described 
for PUR's with dry containment, i .e . a contain
ment building which encloses no permanent reserve 
of cooling water. This new system is intended to 
provide a high level of safety since i t uses no 
external energy, but only the thermodynamic energy 
of the air-steam-liquid water mixture generated in 
the containment after the fai lure of the primary 
circuit ( LOCA") or of the secondary c ircui t . 

The issue of the presence of liquid water in 
the mixture, in form of a mist of suspended drop
le ts , wi l l be addressed in $4.6; only the satura
tion condition is assumed in the f i rs t part of 
this study. 

The proposed system comprises: 
- a turbine expandi*q t !-e nrfxt:ire from the contain
ment pressure ( for instance 3 or 4.105 Pa) to the 
reduced pressure of the condenser, 
- a condenser cooled by a water c i rcu i t , providing 
saturated air at low temperature ( for instance, 
50°C). 
- a compressor driven by the turbine, repressurl-
zing the air and releasing i t into the containment. 

The net mechanical power which is obtained is 
used for driving the condenser cooling circuit and 
the core cooling systems. 

Thermodynamics of the system will be evaluated 
f i rs t ; after some design considerations, the use 
of the system for protecting actual PWR's will be 
addressed. 

A schematic drawing of the system is given by 
1. Flg. l 

2. THERMODYNAMICS OF THE SYSTEM. 

A computer code has been written for evaluating 
the mechanical energy wnich can be extracted from 
each cubic meter of mixture entering the system. 
I t covers the following steps: 

2 . 1 . In i t ia l state in the containment building. 

Liquid drops contained in the mixture are ne
glected ( see § 4.6) . The assumption of homogenei
ty is made: each cubic meter of the mixture con
tains the same air mass Ma as the internal atmos
phere before the accident. Calculations are made 
«1th Ma*1.204 *g wnicn corresponds to 101300 Pa, 
20°C, or to 108200 Pa, 40"C. Steam saturation is 
assumed. In the range of 80°C to 140"C, the steam 
partial pressure may be given by the relationship: 

p «" l°5 ( " T O D 2 1 ^ ' 5 <Pa> (1) 

The steam specific T-SS is obtained through the 
ideal gas law, for the even volume V (here,lm3): 

Ms« 0.002166 P s V T (2) 

The air partial près ure is given,for Ma,by: 

M; 
P*" T?Z5T x 171 * 

. .013 10' 

P a- 287 Ma T / V 

The total pressure i 5 : 

P- P a • P s 

(3) 

(*) 
Then,the i n i t i a l sta:e is found once T\ 

(containment temperature is given. 

2.2. Turbine 

Let us f i r s t cons i de • an adiabatic expansion 
of the above mixture. See condensation occurs at 
each expansion step and ay be evaluated using the 
above equations: 

dMs dP. , d V dT 
HT PT + 7 " " T -

dMs . ; 3.6 I , ,T „ dV 
(5) 

During the expuns-or, the variation or internal 
energy is given by the s.m of quantities m c dT 
( c is a specific heat >.: constant volume) for a i r , 
steam and condensed wate -, and by the condensation 
heat H dM$. Then, 

P dV *(Mj c s +M1 ci+r-, ca) dT +H dM$«0 (6) 

Taking M$ in eq. (5) . dT is obtained for a given 
dV and the evolution car be computed numerically. 

The energy which ma> oe produced by the expan
sion is: 

W » / p l P dV + P ^ j - F V 2

 ( 7 > 

In the present case 'he integral prevails and 
the efficiency may be té en into account at each 
step, writing RENO x P ; stead of P in expression 
(6). 

The step by step cor utatlon of the expansion 
may be stopped when a g- en pressure P2is reached. 

If water droplets t> st in the entartng 
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f ixture they would, on the one hand .provide a brake, 
effect due to mechanical shocks, on the other hand, 
provide more heat and more steam during the expan
sion, thus increasing the energy output, ffoth ef
fects are neglected here. 

2.3. Condenser. 

Condensation performance was cjmputea separate
ly ( §4.2) and the code parametrizes the condenser 
pressure P ( 75000 to 160000 Pa ) and exit mixture 
temperature T3 ( 40° to 70'C). Pressure drops in 
ducts and condenser are assumed to be 2000 Pa. The 
above equations are used for obtaining the conoen-
ser exit state, where most of the water is conden
sed. The. thermal energy to be extracted by the con
denser is also obtained. 

2.4. Compressor. 

Considering the adiabatic compression of the 
ideal gas with y * C/c, the work of compression 
and transfer from PQ to Pi 1s given by: 

nM 

or 

w- Wo Tri L( ro>~ -1] 

M- Wo-&• I iT7r a• " c â T 

(8) 

(•9) r-T V 
The real compression work is obtained after 

multiplying by 1/n , r) being the mechanical e f f i 
ciency. This increase corresponds for each incre
ment of pressure to constant pressure conditions 
and the same factor 1/rj applies for the elevation 
of temperature. One obtains f inal ly: 

y-i 
w-~ Wo frrC(?j)"7"-i3 (1C) 

and 

fo-fcCcftV-iM (ii) n c v Po' 
These relationships are used in the computer 

code for describina the compressor work, efficiency 
is taken to be 0.8. The final pressure is taken as 
the containment pressure increased by 1000 Pa. 

The compression work could be reduced however 
by mixing a mist of water with a i r at the compres
sor inlet ; the beneficial effect of cooling obtained 
by vaporization is dominant relative to the effect 
of adding steam to be compressed. Separate calcula
tions show that the power economy is practically 
independent of the water content once saturation 
is obtained, and reaches about 20*. This economy 
wi l l appear in Table 1. 

I t wi l l be seen In §4.7. that this solution 
excludes the possibility of recombinlng hydrogen 
generated in some accidents; then dry compression 
wi l l be taken as the basic solution for following 
results. 

3. THERMODYNAMIC CALCULATIONS RESULTS. 

Fig.2 gives the net mechanical energy received 
from one cubic meter of the in i t ia l mixture, for 
given in i t i a l temperature t i ( 100° to 140*0 , 
condenser pressure ( 50000 to 160000 Pa) and final 
condenser temperature t 3 ( 40* to 70*C). The 
optimal condenser pressure, to be obtained by 
appropriate design, increases when t\ decreases or 

t., decreases. Table 1 gives the main results rela
ted to the real ist ic value t3« SO°C. 

This table makes i t possible to adapt the sys
tem for given requirements in terms of containment 
cooling power and mechanical power for emergency 
water injection into the primary circuit (see §5). 
Technological aspects below were investigated on 
the basis of moduli driven by a flow of about 
3.5 m3/s of air-steam mixture. 

4. TECHNOLOGICAL ASPECTS. 

4 . 1 . Turbine and compressor. 

Adapted turbines and compressors may be easily 
derived from available technology for industrial 
compressed a i r , or from aeronautical turboengines. 
For example, the 300 kH Turbomeca "Bastan VI C" 
turboengine runs at 33500 rpm and compresses an air 
flow of 4.5 kg/s from 105 to 5.8 105 Pa in its 
compressor, the diameter of which is 265 mm. Adap
ted turbines wi l l be much more easily bui l t than 
for aeronautics since they remain cold. 

The compressor will be directly driven by a 
main turbine; the mechanical power for other recep
tors may be extracted on their common shaft, or on 
the shaft of another turbine, preferably mounted 
In parallel with the f i rs t one and discharging a 
second flow of mixture from the containment to the 
condenser. The main turbine could drive the water 
pumps which art necessary for cooling the condenser 
while the second turbine would drive the emergency 
core cooling system. The exhaust tube from the se
cond turbine to the condenser may be quite long and 
this faci l i tates the installation of the system. 

Another advantage of the two parallel shaft 
system, is to make independent regulation possible. 
For example, the second turbine driving the core 
cooling system could be regulated by an inlet valve 
which would open automatically only when enough 
pressure difference existed between containment and 
condenser for the pump to reach the primary c i r 
cuit pressure. This may be obtained using a quite 
robust hydropneumatlc device using no external ener
gy. A further improvement consists in using two or 
more injection turbopumps, each adapted to given 
containment and core conditions in order to produce 
in any case the maximum core injection flow. 

4.2- Condenser 

4 . 2 . 1 . Tube condenser. 

Condensers for air-steam mixtures are not com
mon; they must be designed using a step by step 
evaluation of the dlffusivity of steam In air,along 
the cooling surfaces. A counterflow,, spiral tubes 
condenser has been evaluated for a flow of 3.Sm3/s 
of i.:1xture at 130*C, expanded to 90000 Pa, 35*C 
and then cooled to 50*C. Main results of the calcu
lations are given by Table 2. A preliminary design 
has been set up. 

4.2.2. Contact condenser ( Fig 3 ) . 

An ascending flow of an a1r-steam mixture can 
be cooled by contact with a descending flow of cold 
water which is progressively heated, ver t ica l , pa
ral lel asbestos'cement plates may be used u 
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contact surfices, the cooling water being sprayed 
above the bundle of plates. This system makes i t 
possible to mix water droplets directly with 
the air which enters the compressor, with a cor
responding advantage of reducing the compression 
work ; however, as i t wi l l be seen in § 4 .7 , this 
nay be a disadvantage if hydrogen recombination 
at the compressor exit is envisaged.In this sys
tem, the cooling water is polluted and cannot be 
recirculated in the outside atmosphere;it is d r i 
ven by a pump into an exchanger cooled by external 
water.This exchanger nay be of the parallel plates 
type, such as the exchangers commonly used between 
the raw cooling water for the plant and the inter
mediary cooling circuit(see § 5.1).They may cool 
water from 53°C to 40°C, using raw water heated from 
27'C to 40*C, with a power density of 10 MW/m3 in 
the plate bundle and quite low pressure drops. 

4.3. Starting device. 

I t is necessary to obtain an effective star
ting of the turbocompressor set in a l l cases of 
pressure increase in the containment, even i f this 
increase 1s slow. For this purpose, several star
ting systems using external or stored energy could 
be cons1dered;but.for the sake of coherency 4 star
ting device using only the pressure increase wil l 
be described. In this device, a buffer vessel and a 
one-way valve are installed at the compressor 
outlet and an automate valve is installed on the 
turbine duct to the condenser. This automatic 
valve opens suddenly when the difference of pressu
re between the containment and the condenser rea-
cnes a certain threshold, and closes suddenly when 
this difference fal ls below a second, lower thres
hold, using a classical "tumbler"system. Then the 
circuit is open only when the turbocompressor may 
effectively run. In order to allow the system to 
start several times, the condenser is vented to 
atmosphere through a f i l t e r and a small-diameter 
pipe equipped with a one-way valve and possibly a 
inan-operated closing valve. This venting system 
allows the condenser pressure to decrease progres
sively i f the turbine has stopped, creating the 
conditions of automatic restart. 

4.4. Availability of external cooling water. 

Large quantities of raw water are available in 
any case near the plant where the accident has oc
curred ( sea, r iver , cooling tower pond, or any of 
various supplies required by safety authorities ) . 
The only problem is to make sure that raw water is 
pumped through the exchangers. For coherency's 
sake, let us assume that no mechanical energy is 
available save the one which is produced by the 
proposed system. 

I t w i l l oe seen in §5.2that in classical PWR's, 
about 20 MW of heat may need to be evacuated. 
This corresponds to a flow of 480 kg/s of water 
heated 10"C. With a reasonable pressure drop of 
10 Pa the needed pumping power is theoretically 
48 kW and practically about 100 kW; however, the 
pumping power nay be reduced when full cooling 
power is not reoulred. 

Depending on the location of the condenser,the 
corresponding pump could be driven directly by the 
main turbine through a reductor, or by another 
secondary, parallel turbine, or driven through an 
electrical transmission which should se independent 

of the other electric circuits since the., are assu
med out of order. 

4.5. Dynamic stabi l i ty . 

A stable rotation speed is necessary i f the 
system is to operate satisfactori ly. The curves of 
F1g.2 giving the available energy per m3 of in i t ia l 
mixture could be qualitatively related to the 
torque since the flow may vary with the rotating 
speed, up to the sonic l imi t . When the flow increa
ses, the condenser pressure goes up and this shows 
that the torque finds a maximum and decreases. On 
the other hand, receptor torques increase with 
speed; then single-shaft systems should display a 
gpod stabi l i ty . Problems may appear i f double-shaft 
systems are used; this point has not yet been exa
mined at this stage. 

4.5. Effects of saturation or supersaturation in 
the containment atmosphere. 

K.K.Almenas and J.M.marchello I\l show that 
supersaturation (saturation plus suspended droplets) 
should exist after a large L0CA in the main part of 
the containment. A specific study should be perfor
med on the effect of such droplets on the turbine 
behaviour. I t seems at this stage that or the one 
hand,droplets may absorb mechanical energy due to 
impacts on the turbine blades but on the other hand 
they* should produce mechanical energy since they 
provide heat to the expanding f lu id , which i tse l f 
part ial ly condenses. 80th phenomena have been igno
red at this stage; anyway droplet arresters flay 
be installed at the turbine in let . Érosion of tur
bine blades by droplets is not to be accounted for 
since only short periods of running are concerned. 

For the case of middle-size or small-size 
LOCA's, potential drying of the internal atmosphere 
could be feared. J . Fermandjian et al .72/ show 
that in accidents "S2C0" and"U3" { WASH 1400 ter
minology) where complete loss of external energy is 
assumed, saturation is maintained up to the time 
( about 3 hours) where molten corium has fallen 
through the vessel lower head and begun to attack 
the concrete; then large amounts of incondensible 
gas would be produced, preventing the proposed sys
tem from working. 

Such a stage of accident should not be reached 
since the proposed system should provide earl ier core 
cooling; however,* supplementary precaution makes i t 
poss-fcleto maintain saturation conditions even after 
core meIt-through. For this purpose, a layer of 
granular, non reactive material ( for instance a 
heavy oxide like depleted U02 ) may be spread 
beneath the core vessel according to published 
propositions, and this layer could communicate by 
pipes with the water sumps in the containment in 
order to become part ial ly f i l l ed by water once the 
primary water has dicharged. Steam explosions on 
contact between hot coMum and water could not 
occur inside the granular layer. The effect of core 
melt-down would then be to produce more steam, 
whereas the corlum progression would be stopped. 

4.7. Recombination of Hydrogen. 

Xith the proposed system core damage and hydrogen 
production through netal -water reactions should be 
avoided ; however, should hydrogen appear, the system 
could be used as a circulator for passing the 
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internal atmosphere through a catalytic bed where 
hydrogen is recombined with the oxygen present.Clas
sical catalytic beds use porous alumina pellets,the 
large specific surface of which is covered by a 
very fine layer of Palladium; the gaseous flow 
passing through such beds must be pure, dry, and 
preferably hot. Such conditions may be met in 
the system at the exit of the compressor, if mist 
cooling of the compressor is not used. 

This leads us to consider several options for air release into the containment: 
- if no hydrogen is present, to use mist cooling 
in the compressor and release air directly, 
• if hydrogen is present, to avoid mist cooling, 
pass hot air through a catalytic bed,where a com
plete reaction is not necessary, and release hot 
air into the containment, 
• to eliminate hydrogen as above, but to saturate 
air afterwards In order to avoid drying the con
tainment atmosphere, 
• to eliminate hydrogen as above, but use exit hot 
air as heating fluid in a boiler delivering pure 
steam at the turbine inlet, providing more mecha
nical power, 
- if only containment cooling Is required and not 
mechanical power ( as may happen if external 
energy is available), to pass hot air in an exchan
ger cooled by warm raw water exiting from the 
condenser. However, only a small increase of 
overall cooling power may be obtained this way 
( see Table I). 

A technical problem then arises, which is to 
be able to select the best option once the accident 
has occurred, and to have effective means for im
plementing i t . I t could be decided that compressor 
mist cooling be automatically used, unless the 
staff takes action to suppress mist and connect 
the stand-by recombiner at the compressor outlet. 

4.3. Installation and testing. 

The system may be installed inside the contain
ment as schematically shown by P ig .1 , or in an ad
jacent building as 1s usual made for emergency coo
ling systems. 

Transmission of the power to the pumps may be 
mechanical or e lectr ical , preserving Independence 
with respect to other electrical lines. Using two-
shaft systems, low speed turbines may be selected 
for direct driving of the pumps. 

Periodic testing of the device may be performed 
according to two methods : 
- driving the turbocompressor by an electrical mo
tor and measuring relevant parameters, 
- or creating a closed-loop configuration with a 
by-pass betwcr compressor exit and turbine in le t , 
and mixing live steam In the turbine inlet flow in 
obtain a true thermodynamic run. 

Preseice of an electrical motor may widen the 
range of possibilities of the device; on the other 
hand, the true thermodynamic test has a better 
demonstration vaiue. Soth mtthods may be taken Into 
consideration. 

5. QUANTITATIVE ASPECTS . 

5.1 The existing emergency cooling system. 

The existing core and containment emergency 
cooling system wi l l be summarily described in the 
case of French 900 MWe PWR's. In each plant, a l l 
the functional circuits are duplicated and the 
following description applies for one single chain, 
which is sufficient to perform the safety function. 

The raw water "SEC" circuit cools an interme
diary "RRI" circuit through a plate-type 37 MH 
exchanger in which the pressures remain below 
5.103 Pa; the RRI cools the containment spray 
"EAS" circuit through a tube-type 37,MW exchanger 
where the EAS pressure reaches 12.10' Pa( 5 for 
containment pressure, 4 for water column, 3 for 
spraying pressure ) . The injection system "IS" 
f i r s t uses a reserve of borated water, then recir
culates the EAS water. According to the core pres
sure, a high pressure "HPIS"pump, or a low pressu
re "8PIS" pump, or the HPIS pump fed by the 3PIS 
pump, 1s used. The requirements of each pump In 
#l*ctr1cal sower are as follows: 300 kW for RRI, 
450 kW for EAS, 650 kU for HPIS, 400 kU for 3PIS. 
Each chain may be directly powered by a Diesel ge
nerator. 

As these amounts of power are very high, i n 
dependent circuits wil l be taken into account for 
a preliminary design of the new system. 

5.2. Preliminary design. 

In order to save power, the principle of using 
an intermediary circuit between raw water and pol
luted water could be dropped, with the following 
arguments: maximum pressure of the polluted water 
reaches only a few 10* Pa since no containment 
aspersion is used, and prevention of leaks is easily 
achieved for infrequently used systems. The 
system must f inal ly supply power to a raw water 
pump, to the water pump of the system I t s e l f , and 
to one or more core injection pumos, to be selected 
1n view of the available power and of the primary 
pressure. 

An in i t i a l design will be proposed taking 
into account the overall cooling requirements. In 
a l l evaluations which have been performed for lOCAs 
not followed by normal emergency core cooling, the 
design containment pressure corresponding to 
t i» 140*C, is not reached before about three hours 
and the residual power is then 22 MW This pressure 
would not be reached had the proposed system oro-
vlded cooling earl ier on. For these design condi
tions,an extraction of 20 MW is certainly s u f f i 
cient. Table 1 shows that the system may extract 
3700 kW for a flow of I m3/s; Then the required 
flow is 5.4 m3/i , and the available mechanical 
power is 242.9 x 5.4 » 1311 kW. Assuming that the 
flow 1s controlled by sonic limitations at the 
turbine i n l e t , 5.4 m3/s would remain in other 
conditions and could theoretically produce: 

- 5.4 x 27* 145 kW for t,«lOO'C (assuming t,«50"C) 
- 5.4 x 55» 297 kW for tSllO'C ) . A.. 
- 5.4 x 110-594 kW for tJ«120'C V e o c 

- 5.4 x 195-1053 kW for t^UO'C 'mist cooling 

For large LOCA's one may assume that a 550 kw 
pump, equivalent to a HPIS pump, plus a raw water 
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pump of 100 kW, plus an Internal circulation pump 
of 25 kW, must be driven, giving a total of 775 kw, 
which shows that the system Is sufficient i f the 
containment temperature reaches about 125"C. A 
special discussion is needed about accidents where 
the containment temperature remains lower. 

5.3. Accidents with small available power. 

For accidents l ike "S2CD" (middle size LOCA 
without external power) or "TL8" ( loss of external 
power and auxiliary feedwater system) as described 
by J. Fermandjian et al III the containment rea
ches about 100°C and 2.3 10 5 Pa during the f i r s t 
hour and core melting begins only later*, as the 
residual power is about 29 MW at I hour, core melt 
could be prevented by the complete vaporization of 
12 kg/s of liquid water, to be introduced Into the 
primary circuit where the pressure may have been 
wrongly maintained at about 80.10 5 Pa.Due to some 
losses of liquid droplets in the evacuated steam, 
the necessary flow may reach about 20 kg/s and the 
necessary power is about 200 kW. The proposed 
system as designed cannot produce this power. For 
affective use of the available power which may be 
less than 100 kW, i t is necessary to have a special 
turbopump delivering a lower flow of water under 
the required pressure. This flow does not insure com
plete protection of the core, but could prevent 
extensive damage and vessel fai lure. 

However, hypotheses concerning the above acci
dents must be stated : 

-the operator has not taken necessary actions to 
lower the primary pressure, 
- one hour or more after the accident, no external 
power has became available. 

As the probability of hypotheses appears remote, 
the incomplete protection of the core in such cases 
could probably be accepted at the stage of the op
timization of the proposed system. 

The possibility that a low external power would 
become available at a later time should also 
be taken into account. I t has to be decided whe
ther this power is to be used for driving inde
pendent injection pumps, or to reinforce the turbo-
pumps through pony motors. 

5.4. Reliabil ity assessment. 

Containment leaktightness is a necessity for 
the proposed system to perform its safety function. 
The WASH-1400 study evaluated at 10*3 the probabi
l i ty of independent loss of leaktightness when 
called upon -, this places a Mm i t on the r e l i a 
b i l i t y of the proposed system ; other types of 
core protection wi l l s t i l l be required. 

The inherent re l i ab i l i t y of the system must be 
also taken into account. As detailed studies havenot 
yet been performed, only qualitative arguments may 
be given here: the system uses only available 
teenniques, relatively simole components, and may 
3e tested. However, problems of regulation and of 
adaptation to different conditions wil l require 
extensive studies. 

In order to Increa 
system, and to render 
easier, several lower-
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TABLE 1. RESULTS FOR OUTLET COMKNSER TEMPERATURE t ,» 60°C 
( related to 1 m3 of In i t ia l mixture ) 

Containment temperature, t j •c 100 110 120 130 140 
Containment pressure 105Pa 2.289 2.733 3.286 3.964 4.785 
In i t i a l steam contained kg 0.588 0.807 1.076 1.400 1.784 
Near-optimal condenser pressure 105Pa 1.5 1.35 1.2 • 1.05 1.05 
Turbine mechanical ouput.Wl kJ 81 160.6 267.3 418.7 567.7 
Steam at turbine outlet kg 0.569 0.770 1.015 1.307 1.562 
Steam at condenser outlet kg 0.091 0.103 0.117 0.138 0.137 
Volume at condenser outlet «3 0.866 0.900 1.12 1.316 1.308 
Heat extracted by condenser.H kJ 1261 1747 2340 3033 3952 
Compressor mechanical input,W2 kJ 74.4 131.7 196.0 278.5 324.8 
Net energy obtained,W- Ml- U2 kJ 6.6 28.9 71.3 140.2 242.9 
Pseudo-efficiency. W / H S 0.52 1.65 3.05 3.46 6.15 
Compressor outlet temperature "C US 155 200 254 287 
Heat extracted afttrcoollng to 100'C kJ 17 57 124 197 239 
Net energy obtained in case of mist 
cooling 

§ 27 kJ I f 

U 21 . 5§ 

t 3 . 50'C 

55.2 110 195.5 304 

TABLE 2. PRELIMINARY OESIGN OF A SPIRAL-TUBES CONOENSER FOR AIR-STEAM MIXTURES 

Construction: spiral brass tubes inside a cylindrical, vertical casing. Cooling water 
circulates downwards inside the tubes, air-steam mixture circulates upwards 
along the casing. The turbocompressor is mounted on the top. 

Inlet mixture: 
Outlet mixture: 
Tubes diameter: 
Length of tubes: 
Number of tubes: 

35'C, 900OO Pa. 13.125 m3/s, 
50*C, 89500 Pa, 6.23 m3/s, 
20/22 m 
39 m 
150 

0.714 kg/m3 
0.356 kg/m3 

outlet 55"C 

Mesh of the tubes layers: 55 mn x 33 urn 
Mixture vertical velocity: 10 to 5 m/s 
Mater velocity in tubes: 2 m/s 
Cooling water temperature: inlet 25°C, 
Mater pressure drop: 110OOO ?j 
Flow of water: 95 kg/s 
Theoretical pump power : 10.45 kW 
Exchange surface 400 ml 
Exchange volume : 12.5 m3 
Overall dimensions diameter 1.8m, height 6 m 
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FIGURE 3 - THE PROPOSED SYSTEM WITH A PLATE-
TYPE .CONTACT CONOENSER. 
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