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Abstract

Using ion-implanted metallic surfaces to induce a dropwise condensation improves the convective heat transfer coefficient
significantly. The process of thermal desalination process, especially mechanical vapor compression (MVC) could be more effective by
applying ion-implantation technology. This paper points to a possible reduction of heat transfer area of the main heat exchanger, using
the specific MVC process. We showed in a selected MVC plant simulation model (mathematical model and developed software), that
replacing filmwise by dropwise condensation could improve both main convective heat transfer processes (condensation and
evaporation) by increasing the condensation heat transfer coefficient as well as the heat flux. For assumed improvement factor of
dropwise condensation, comparing with filmwise condensation with the same MVC plant capacity, the reduction of main heat exchanger
area is between 40% and 45%. The best improvement effect shows about a 10°C condensation-evaporation temperature difference.

Key words:  desalination, mechanical vapor compression, dropwise condensation

1. Introduction

Although we are surrounded by huge amount of water, a drinking water shortage becomes the world problem. Whence the biggest
part of this amount is saline water, one of logical solution is desalination. There are two main desalination techniques: membrane and
evaporation. In other words, we can use non-thermal or thermal process to obtain drinking water. Membrane technique as reverse
osmosis (RO) is generally a low energy and low price but also low product quality desalination method.

Point of our interest is evaporation technique. Depends on desalination plant capacity, availability of steam sources, electrical
energy prices and specific demands, different thermal process can be used. Those are mainly: Multi-Stage Flash distillation (MSF), Multi
Effect Distillation (MED), Thermal and Mechanical Vapor Compression (TVC and MVC) [1]. Thermal techniques that require an
external steam source (MSF, MED, TVC) can be improved by cogeneration process [5]. Because an evaporation of saline (sea) water is
obligatory for defined techniques, a problem of energy efficiency is dominant. In other words the condensation latent heat of product
water should be used to provoke evaporation of saline water in condition when the temperature level of produced vapor is not enough to
enable stabile evaporation of saline water. Recovering energy ratio of mechanical vapor compression (MVC) technique (vapor is
pressurized by compressor) can be very high but a spent energy is very expensive electrical energy. This is one stage desalination method
for smaller product capacities (up to 3000 m’/day). In MVC plants, rang of the specific energy consumption is mostly 7-12 kWh/m®.
Higher energy efficiency means a smaller evaporation-condensation side temperature difference and bigger demanded heat transfer area.
There is chance for scientists to achieve an optimum thermal desalination scenario.

Many approaches to mentioned scenario are recorded. In [2], the realized MVC desalination plants have given a good production
results but because small evaporation-condensation side temperature difference (dt=3-4°C) the used plate one-phase and tube
evaporation-condensation heat exchangers are huge (heat transfer area of he,=2598 m?). In [3] the classic MVC model was considered
by simple LMTD calculation method for heat transfer phenomena. In Vapor compression plant (VC), a dominant centrifugal compressor
and its significant consumption of electrical energy can be replaced by classic heat pump cycle [7], [4], [6], absorption heat pump cycle
[4], thermal vapor compression (TVC), using ejector and external steam source [4].

Farther, in heat pump cycle energy consumption can be reduced using solar energy for working fluid evaporation (delimited from
water cycle) [6]. All mentioned desalination plant model or installation decrease specific energy consumption (exception is TVC) very
effective but problem is its limited production capacity often on insufficient level. On other side a centrifugal compressor can be driven
by wind energy [8], [9] but beside small production capacity, a stabile plant functioning is basic problem of this concept. The aim of all
presented methods is energy efficiency increasing by reduction of MVC demanded driving electrical energy.

Other (our) approach is based on improvement of MVC plant heat transfer coefficient. Plate heat exchanger (PHE) concept provides
high heat transfer coefficient (very low turbulent transition Re number) and relative small pressure drop for any heat transfer scenario
(one-phase, evaporation, condensation) [10]. On other side filmwise condensation (FWC) can be converted to more effective dropwise
condensation (DWC) using ion implanted metallic surface. This means significant multiplied condensation heat transfer coefficient
depending on heat transfer conditions [12], [13]. Probably, using on the same way treated metallic surface, it can also improve
evaporation heat transfer coefficient but it needs more investigation. In [11] it was described the successful inhibition of scaling process
in desalination plant using ion implanted metallic surface but there same improvement of evaporation heat transfer coefficient can be
found. Further it will be presented the designed MVC mathematical model (based on PHE and DWC) and the obtained results.
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2. MVC Mathematical model

2.1 The assumed desalination plant

The assumed mechanical vapor compression desalination plant (MVC) is consisted of two one-phase plate heat exchangers (parallel
connection) and one main evaporation-condensation plate heat exchanger and other necessary equipments. The schematic diagram of
MVC one-phase PHE parallel connection is shown on figure 1. There was also considering the one-phase PHE serial connection but this
calculation model has given significantly low heat transfer results.

Mewif Towi  HE

P -
r
e
My | PzCD ‘ Towo2
I
Te Myw| HE1 Mpw

Figure 1 Schematic diagram of the MVC desalination plant

There are: HEI - the brine heat exchanger, HE2 - the product water heat exchanger, HE - the main (evaporation-condensation) heat
exchanger, P1,P2,P3,P, - pumps, VP - vacuum pump, C - compressor, My, - product water mass flow rate (kg/s); m, - sea water mass
flow rate (kg/s); My, - brine mass flow rate (kg/s); Mpwr - recirculation brine mass flow rate (kg/s); mgy - sea water mass flow rate
throughout HE1 (kg/s); my,, - sea water mass flow rate throughout HE2 (kg/s); my; - sea water mass flow rate throughout main heat
exchanger (HE) (kg/s); ts - temperature of environmental sea water (°C); t. - evaporation temperature (°C); t. - condensation temperature
(°C); tpor - HE1 outlet temperature of brine (°C); tywo2 - HE2 outlet temperature of product water (°C); tswo1 - HEI outlet temperature of
sea water (°C); tawoz - HE2 outlet temperature of sea water (°C); tewi - HE inlet temperature of sea water (°C); tewo12 - Outlet temperature of
sea water after mixing HE1 and HE2 flows (°C).

During real functioning of MVC plant, instead the water evaporation temperature, t. (°C), the increased saline water evaporation
temperature, t,. (°C) exists. This temperature is function of pure water evaporation temperature and salt percent spj00 (%) or salt ratio s,
(), toe=t(te,Sp100)-

The MVC mathematical model can be divided on three structural parts: 1. The one-phase PHE mathematical model; 2. The
commpresor mathematical model; 3. The two-phase main heat exchanger (HE,;) mathematical model.

2.2 The one-phase plate heat exchanger mathematical model

According to the shown figure 1 (PHE parallel connection), mass and energy equations, the one-phase parallel connection
mathematical model can be expressed. Convective heat transfer coefficients of one-phase plate heat exchangers HE1 and HE2 are
calculated according to [14]. Warm outlet flows of brine and product water from HE1 and HE2 present the MVC plant heat losses:

,,=mbw'wa’(tba|_tsw) s Q)

O =mu-cilgntd. @

There are: Qy; - heat loss of heat exchanger HE1 (kW); Qy - heat loss of heat exchanger HE2(kW); cy,, — saline water heat capacity,
function of temperature and salt percent (kJ/kgK); c,, — water heat capacity, function of temperature (kJ/kgK). The MVC heat losses must
be equal with MVC heat gain, the real compressor power, Py (kW):

P’C=QII+Q12 < (3)

and according to this equation, the one-phase heat transfer areas of HE1 and HE2 should be adjusted (changing of Ny;,Ngz,w,wa,hy,hp) to
real values.

Obviously, smaller MVC heat losses mean smaller the MVC compressor power and smaller electrical energy consumption. This
directly depends on the HE1 and HE2 functioning.

The size of this paper does not allow detailed mathematical model showing. More information can be found in [25].

2.3 The compressor mathematical model

The real compressor power is calculated as:

lo=haw=ha)/Ns Pe=Mple @
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There are: l,.; - compressor real technical work (kJ/kg); hepsy - compressor inlet vapor enthalpy, superheated vapor enthalpy, hepsy=f(Pestve) ‘
at water evaporation pressure p, (MPa)=f(t,) and saline water evaporation temperature ty. (toe>te) (kJ/kg). This enthalpy is bigger than ‘
saturated vapor enthalpy at temperature t..; hes, - isentropic compressor outlet vapor enthalpy, superheated vapor enthalpy, ‘
heis=f(Pe,Sebsy) at water condensation pressure p. (MPa)=f(t.) and superheated vapor entropy, Sepsy=f(Petve) (kJ/kg); Mic - isentropic "
compressor efficiency (assumed value) (-). The real compressor outlet vapor enthalpy is calculated as:

Hiws= Wiges ¥l &)

The compressor outlet vapor temperature tey (°C)=f(pc,hersy) is function of condensation pressure, p. and real compressor outlet
vapor enthalpy, h,. For computer calculation of saturated and superheated vapor properties, the high precise equations are used.
The specific compressor energy consumption (sSMVC energy consumption), Es. (kwh/m®) per m® of product water is calculated as:

E.=24'P. O, - ©6) i
There is: Quvc - capacity of MVC plant (m*/day). The efficiency factor of MVC plant, F. (-) is calculated as: ?
F=p il @) ;

There is: 1, - water evaporation latent heat at evaporation pressure (kJ/kg).

2.4 The evaporation-condensation plate heat exchanger (HE,,) mathematical model

Two stream cases are possible in HE,: parallel flow HE,, and counter flow HEy. The parallel flow HE,, has three possible heat
transfer zones (Fig. 2 and 3): vapor-brine heat transfer zone (HE,, inlet); vapor-evaporation heat transfer zone or brine-condensation heat
transfer zone and evaporation-condensation heat transfer zone (main heat transfer area).

— | " Brine Evaporation zone

—— |1 Vvapor:2 Condensation zone

Figure 2 Schematic diagram of parallel flow HEp, case Qube>Quwae '

—— |1 Brinei 2 Evaporation zone

R Vapor Condensation zone

Figure 3 Schematic diagram of parallel flow HE,;, case Qube<Qwae

There Qu,e (kW) presents the heat power needed to achieve the saturated vapor state (vapor cooling to start of condensation) and
Quee (kW) presents the heat power needed to achieve the saturated brine liquid state (brine heating to start of evaporation). The heat
power Qyp,. and Qe are calculated as:

Q..M Co =t ®)
0, =mp h—h . o

There is h, - saturated enthalpy at condensation temperature (kJ/kg). The counter flow HE,, has three possible heat transfer zones (Fig.

4): vapor-evaporation heat transfer zone (HE,, inlet); brine-condensation heat transfer zone (HE,, outlet) and evaporation-condensation
heat transfer zone (main heat transfer area).

— Brine Evaporation zone

Condensation zone Vapor | «——

Figure 4 Schematic diagram of counter flow HE,

The real HE,, inlet temperature of seawater, ty; is calculated using the heat power equality of HE, evaporation and condensation
side:

Mo Co G =t ¥ My P =M e R = BRI+ M ¥

(10)
toi=te=Mp P =Bt P~ 1. [ M0 Co)

There is r,. - water condensation latent heat at condensation pressure (kJ/kg). According to the real temperature, tswi, the one-phase heat
exchanger areas should be adjusted (connect. with equation 3).
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The heat transfer equations in HE,; are:

Q,,,,,, = Ahem'Uhem'Atm;Q,,m, = A U it Atmn;Q;,,,,,z = A Ugis: Ao (11)

There are: Qpem - heat power of evaporation-condensation HE,, area (kW); Qnem - heat power of inlet HE, area (kW); Qpema - heat power
of outlet (or second mlet) HE,, area (kW); Apem - heat transfer area of evaporation- condensatlon HE,, zone (m ); Apemi - heat transfer area
of inlet HE,, zone (m?); Apemz - heat transfer area of outlet (or second inlet) HE,, zone (m?); Utem - total heat transfer coefficient of
evaporation-condensation HE,, area (W/m?K); Upem; - total heat transfer coefficient of inlet HE,, area (W/m?K); Upems - total heat transfer
coefficient of outlet (or second inlet) HE,, area (W/m*K); Aty - mean logarithmic tem. difference of evaporation-condensation HE,, area
(°C); Atmm - mean logarithmic temperature difference of inlet HE,, area (°C); Atyyo - mean logarithmic tem. difference of outlet (or
second inlet) HE,, area (°C).

The size of this paper does not allow detailed mathematical model showing. Only the calculation of Uper, (the most important total
heat transfer coefficient) will be shown. More information can be found in [25].

According to equation (11) the total heat transfer coefficients Upn, are:

5 1
Omy ) =all three cases, 1
s b

There are: hye,, - €vaporation heat transfer coefficient in HEy, (W/m*K); hyeon - condensation heat transfer coefficient in HE,, (W/mzK)
8, - thickness of HE,, plate (m); A, - thermal conductivity of HE,, plate (W/mK); if, - improvement factor of dropwise evaporation (-)
if, - improvement factor of dropwise condensation (-).

The choosing of appropriate equations for condensation and evaporation heat transfer coefficient calculation in small channels as

PHE flow area is very difficult problem. For example, in [22] can be found that eleven correlations for conventional and narrow-channel -

boiling predicted the data poorly, ranging form 250% average over-prediction to 70% average under-prediction. In [15]-[19], [23], can be
fount more evaporation predictions of water and refrigerants in small pipe and PHE. Also, in [20], [21], [24] can be found condensation
predictions of water and refrigerants in small pipe and PHE. According to assumed MVC mathematical model and presented literature, in
further text, the most appropriate evaporation and condensation equations are assumed.

The condensation heat transfer coefficient in HE,, hpeon (W/m?K) is calculated according to [24] as:

Fios™ Nithisen? Aoil i 13)

There are: dey - equivalent diameter of HE,, condensation side (m); Nupco, - condensation Nusselt number in HE, (-); Ay, - thermal
conductivity of HE,, plate (W/mK). The equivalent diameter of HE,, condensation side, deor, is calculated as:

d¢2m=2 'bzm/,u,,, . (14)

There are: by, - mean flow channel gap of HE,, condensation side (m); p, - plate enlargement factor of HE,, (-). The condensation
Nusselt number in HE;,, Nupcoq is calculated as:

Nu,,=C ‘Reg Pr.” . (15)
There are: C, m - constants (-) that depend on By, (°), plate chevron angle of HE,, as C=3.77; m=0.43; when B,=60° and C=0.325;

m=0.62; when B,=30° (two fixed plate chevron angle option); Regy, - hydraulic Reynolds number of HE,, condensation side (-). The -

hydraulic Reynolds number of HE,, condensation side, Reqn, is calculated as:

Re,20=Gogze'deanf N, - (16)

There is Gepm - modified equivalent mass flux of HE, condensation side (kg/mzs). The modified equivalent mass flux of HE,
condensation side, Geqom is calculated as:

O =0 [1 =%y, + Xy, (PP ] : 17

There are: k constant (-) that depends on B, as k=0.14; when B,=60° and k=0.4; when B,=30°; Gy, - mass flux of HE, condensation
side (kg/m s); Bm — plate chevron angle in HE,, (°); X, - mean vapor quality of HE,, condensatlon side, X,,,=0.5 (condensation starts at

x=1 and ends at x=0) (-); py - vapor density at corresponding (condensation) temperature (kg/m®). The mass flux of HE,, condensation
side, Gy, is calculated as:

Gun=Mp/(Aan(N oW =D/21 . (18)

There are: N, - number of HE,, plates (-); Axom - cross flow channel area of HE,, condensation side (m?). The cross flow channel area of
HE,, condensation side, Ax2m is calculated as:

Ax2m = me Wy - (19)

There is: w, - effective width of HE, plate (m). The evaporation heat transfer coefficient in HE,, hyeyp (W/mzK) is calculated according
to [23] as:

hmcvp=EIm'hllm+Slm'hpool' (20)

There are: E |, Sim - enhancement and suppression factors (-); hyy, - evaporation convective heat transfer coefficient (W/mzK) hpool =
evaporation nucleate boiling heat transfer coefficient (W/m’K).

The enhancement and suppression factor, E,, is calculated as:

E,, =1+24000- Bol® +137.(1/X,

0.86
av )

@1
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There are: Bo,, - Boiling number of HE,, evaporation side (-); X - Martinelli parameter of HE,, evaporation side (-). The boiling
number of HE,, evaporation side, Bo;, is calculated as:

B0..=9q,,/Gu Fe - (22)

There are: q;, - heat flux of HE,, evaporation side (W/m?); Gy - mass flux of HE,, evaporation side (kg/mzs). The mass flux, G, is
calculated according to equation (18), using variables: Ny, Mgy, and Ay, there the cross flow channel area of HE,, evaporation side,
Aam (m?) is calculated according to equation (19), using variables: b, and wy, there by, (m) is mean flow channel gap of HE,
evaporation side. The Martinelli parameter of HE,, evaporation side, Xy, is calculated as:

X ==x,)/%,)" (0, / 20 )" (0 /0" (23)

There are: X, - mean vapor quality of HE,, evap. side (evaporation starts at x=0 and ends at x=m,,/my;) (-); 1, - vapor dynamic
viscosity at corresponding (evaporation) temperature (Pa‘s). The enhancement and suppression factor, S, is calculated as:

S, =(1+1.15e-6-E2, -Rel7)". (24)

im

There is Re;;, - liquid Reynolds number of HE,, evaporation side (-). The liquid Reynolds number of HE,, evaporation side, Rejjp, is
calculated as:

Rewn=0-%.) G dun/N,, - (25)

There is d.;, - equivalent diameter of HE,, evaporation side (m).

The equivalent diameter of HE,, condensation side, d.,, is calculated according to equation (14), using variables: b, and p, there
bim (m) is mean flow channel gap of HE,, evaporation side.

The evaporation convective heat transfer coefficient, h;j, is calculated as:

h.=0.023 ‘Ren Pra-(An/d ) (26)
The evaporation nucleate boiling heat transfer coefficient, h, is calculated as:
0.12 .55 —05 067
hpwl €55 .prlm .(-logloprlm)—q ‘M X/ @7

There are: p,i, - relative evaporation pressure, p.m=pe/p. (-), there pc is critical water pressure, p.=22.089 MPa; M - molecular weight of
water (kg/kmol), M=18. kg/kmol. The presented evaporation equations are valid for 2000<Re;;,,<12000 and 0.0002<B0,,<0.002.

The one-phase convective heat transfer coefficients of brine and superheated vapor are calculated according to equations for one-
phase heat exchangers HE1 and HE2 [25]. Because hy,.,, depends on heat flux, q;, and heat flux depends on evaporation heat transfer
coefficient, hpevp, and iteration procedure is needed. When equation (10) is satisfied by the predicted heat flux value, the iteration
procedure is finished. Then the needed flow path length of HE,,,, h, (m) can be calculated as:

Qhem Qheml Qhemz
= o + e e e e e
Amlol Ahem Aheml A;mnz Ulmn .Ar'"’ Uhcml 'A'mml Uhm'2 .Atmml ’ (28)

ho= A/ Now=2) W, . (29)

There is A - total HE,, heat transfer area (m?) and h,, - flow path length in HE, (m).

3. Results and discussion

3.1 The start values of MVC mathematical model

Described MVC plant mathematical model was taken from MVC1 software [25]. After this step, the chosen MVC plant model and
simulation conditions were assumed. In further text, the used MVC characteristics and simulation conditions are described (constant
simulation values):

Seawater characteristics: salt percent, s;00=3%; environmental temperature, taw=20°C. General MVC plant characteristics:
product/seawater ratio, «=0.3; recirculation brine flow ratio, a,=0; condensation temperature, t.=80°C. Compressor characteristics:
isentropic efficiency, m;=0.8. One-phase heat exchangers (HE1 and HE2) characteristics: parallel connection HE1 and HE2;
seawater mass flow rate, my,, is approximately equal to brine mass flow rate, my,,; seawater mass flow rate, my,, is approximately equal
to product water mass flow rate, my,, (optimal effect of parallel HE connection). Additional information can be found in [25]. Two-phase
heat exchangers (HE,) characteristics: counter flow in HE;; mean flow channel gap of HE,, evaporation side = mean flow channel
gap of HE,, condensation side, b;,= by,=6 mm; thickness of HE,, plate, §,=0.6 mm; enlargement factor of HE,, plate, p,,=1.17; chevron
angle of HE,, plate, B,,=60°; thermal conductivity of HE,, plate, A,,= 20 W/mK (the material of plates is stainless steel ion-implanted or
not); the improvement factor of evaporation, if,=1 (filmwise condensation). Variable simulation values: Same characteristics and
conditions of MVC model have taken two to five different values. General MVC plant characteristics: evaporation temperature,
t=76°C, 73°C, 70°C, 67°C and 64°C (condensation-evaporation temperature difference, t.-t;=4°C, 7°C, 10°C, 13°C and 16°C); MVC
plant capacity, Quvc=100 m*/day, 200 m*/day, 300 m*/day. Two-phase heat exchangers (HE,,) characteristics: values of effective
width of plate and number of plates depend on chosen plant capacity (Quvc) according to scheme: for Quyc=100 m*/day: effective width
of HE,, plate, w,;=0.4 m; number of HE,, plates, N,,=71; for Quvc=200 m3/day: wn=0.5 m; N,,=91; for Qumvc=300 m3/day: Wn=0.6 m;
Nom=101; All defined values were adjusted to a evaporation liquid Reynolds number and evaporation boiling number range for validation
of calculation data (see [23]) in evaporation side of HE,, (2000<Re);,,<12000 and 0.0002<B0;,,<0.002). Two values of improvement
factor of condensation, if; are assumed: if;=1 for stainless steel plates (filmwise condensation) and if;=5 for ion-implanted stainless steel
plates (dropwise condensation).
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Using values described in previous chapter, the planed simulation data were obtained.

3.2 Simulation results

Figure 5 shows the influence of temperature difference of condensation-evaporation side to the compressor power demanded, P,,
and specific electrical energy consumption of MVC plant, E.. The usual and recommended E,. values are in range between 7 kWh/m’
and 12 kWh/m® ([26]). This means that MVC plant operative range of c-e temperature difference, Aty is placed between 4°C and 6°C,
approximately. Certainly, under specific conditions the bigger specific electrical energy consumption can be acceptable ([27]). Usually,
the electrical energy consumption is the biggest part of a MVC plant product water price. Good functioning of MVC plant under small c-
e temperature difference demands an improvement of c-e heat transfer process.

500 1 A
[ —+—MVC 100 m3/day
' = MVC 200 m3/day T
* MVC 300 m3/day |
05 oeQwpes | | a5
g L 30
-
300
125
E L 20 §
200
1 15
o _/ T
S r e %
10 &
100 | :
- //“//
e 5
-
0 , : 0
2 4 6 8 10 12 14 16 18
Temp diff p side (°C)

Fig. 5 The influence of temperature difference of condensation-evaporation side to the compressor power demanded and specific
electrical energy consumption of MVC plant
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Fig. 6 The influence of temperature difference of condensation-evaporation side to the heat transfer area of MVC main heat exchanger
for filmwise (if.=1) and dropwise (if.=5) condensation
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Figure 7 shows the influence of temperature difference of condensation-evaporation side to the improvement effect of ion-implanted
surfaces, [Amoi(ifi=1)- Amot(ife=5)) Amo(ife=1). For smaller MVC plant capacity the improvement effect is bigger. Generally, the
relative reduction of A is placed between 40% and 45% for used simulation scenarios.
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Fig. 7 The influence of temperature difference of condensation-evaporation side to the improvement effect of ion-implanted surfaces
using in MVC main heat exchanger
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Fig. 8 The influence of temperature difference of condensation-evaporation side to the temperature drops through MVC main heat
exchanger (evaporation, wall conduction and condensation) for filmwise (if.=1) and dropwise (ifc=5) condensation and MVC plant
capacity, Quvc=200 m*/day

Total temperature difference between condensation and evaporation side in main heat exchanger (HE,,) is divided on particular
temperature drops: evaporation, dT,, wall-conduction, dT,, and condensation dT,n. The sum of those drops always has to be equal the
total c-e temperature difference, Aty (see Figure 8). A bigger temperature drop means a bigger thermal resistance. In case of filmwise
condensation (if,=1), condensation process makes the biggest thermal resistance in HE; and on other side, wall-conduction thermal
resistance (stainless still) is insignificant. In case of dropwise condensation (if;=5), the most significant temperature drop is placed on
evaporation side, while other two drops (dt., and dt.,,) are very close. Evaporation temperature drop curves has different trend than other
because the evaporation heat transfer coefficient directly depends on heat flux value (see equation (20)-(27)). In fact, improvement of
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condensation process in HE,, has double effect. The dropwise condensation strongly influences on evaporation process, arising the
evaporation heat flux and evaporation heat transfer coefficient.

4. Conclusion

In MVC desalination plant a dropwise condensation can have a double improvement effect on heat transfer process. For assumed
improvement factor of dropwise condensation, comparing with filmwise condensation by the same MVC plant capacity, the reduction of
main heat exchanger area is within 40% and 45%. Of course, more investigations are needed to achieve additional information about an
ion-implanted metallic surface influence to condensation and evaporation process in small channels (plate heat exchangers), under
variable Re-numbers and vapor qualities.
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