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Abstract- In this study, the semi evaporative cooling 
framework is assessed which is rely upon the presentation of a 
massexchanger (RHMX) and regenerative warmth. Prior 
specialists find the general numerical modeling techniques to 
overcome the cumbersome computational burden, and built up 
the information driven artificial neural network (ANN) model. A 
1-D numerical model was used to deliver test information for 
structure the ANN model. Both the ANN models and numerical 
and the ANN models were affirmed against test results open in 
the composition with a satisfactory ordinary error level of around 
4% reliant on the air temperature change over the dry channel. 
The assessment between examination information and ANN 
prediction exhibited incredible prediction accuracy. The typical 
prediction error between the envisioned and attempted 
information was around 4% reliant on the air temperature 
change over the dry channel. With the information driven model, 
parametric assessments were made to examine the introduction 
of the RHMX under different working conditions. Finally, a 
structure advancement of semi meandering evaporative cooling 
plan of extraction air proportion was coordinated under different 
surrounding conditions. It was found that the perfect extraction 
air proportion reduced with the encompassing temperature and 
furthermore relative wetness which stretched out from 0.3 to 
0.36. 

Keywords – RHMX, IEC, ANN, Mass transfer, HVAC 

I. INTRODUCTION 

Nowadays, with the quick improvement and urbanization, 
structures consumed about 40% of supreme vitality 
delivered in European Affiliation countries. In China, the 
degree of structure vitality usage is 28% which creates 
immovable starting late [1]. Building vitality safeguarding 
requires the structures to have higher insurance and air 
coziness to lessen the vitality usage of HVAC(heating, 
ventilating, and air-conditioning) systems [2]. In any case, 
these structures need more ventilation systems to keep up 
the IAQ (indoor air quality) and discharge the indoor 
poisons. Research exhibits that about portion of vitality 
exhausted in outstandingly disconnected structures is used 
for ventilating systems [3]. In cooled structures, vitality set 
away in the exhaust air can be reused by vitality recovery 
units, which basically lessens the vitality ate up by 
ventilation systems [4,5]. 
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 For the recently referenced reasons, applying vitality 
recovery units in ventilation systems is significant. By this 
suggests, the vitality of the exhaust air can be used to pre-
cool (cooling season) or pre-heat (warming season) the 
outside common air. DEC (direct evaporative cooler) and 
IEC (indirect evaporative cooler), misusing the dormant 
warmth of water vaporization, are the best courses of action 
of vitality saving air cooling supplies. 
In DEC, the air adheres to the wet procedure where water is 
evaporated into the air legitimately. In this strategy, the 
temperature of the air is reducing while the sogginess of the 
air is rising, and the enthalpy of the air remains unaltered. 
Speculatively, minimal temperature of DEC is proportional 
to the bay air wet-bulb temperature [6].  
The outlook of future headway reveals that we will 
encounter veritable vitality crisis. Among all the vitality 
end-use, building division speaks to over 30%. Heating, 
ventilation and cooling (focal air) systems contribute a 
massive vitality challenge in the present current structures. 
The standard air conditioning sys-tem relies upon vapor-
weight cycles which are eating up a lot of basic vitality just 
as accountable for a perilous environmental devation [7] in 
view of the use of hydrochlorofluorocarbons and 
chlorofluorocarbons. The evaporative cooling is an elective 
methodology to deal with the issues which standard air 
conditioning systems need to understanding. When in doubt, 
the evaporative cooling can be detached as immediate 
evaporative cooling (DEC) and indirect evaporative cooling 
(IEC). The DEC is used for the cooling purposes in the dry 
and hot territories. This sort of system gives the satisfactory 
cooling supply, anyway it constructs the tenacity of the 
inventory air and diminishes the comfort sentiment of the 
occupants. The best way to deal with over-come the issue is 
the usage of IEC, which confines the stock air from the 
working air to evade the extension of any moistness con-
tent. Regardless of the way that customary IEC handles the 
tenacity suitably, the ampleness of this system is low which 
traps the IEC into focal air applications. 
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Figure 1 : Unusual mass exchanger and heat configuration designed for semi evaporative cooling system (a.Direct; b. 
Indirect; c. Regenerative). 

 
An epic regenerative warmth and mass exchanger (RHMX) 
for IEC, which uses the great pieces of both the DEC and 
IEC systems anyway restrains the burdens, had been 
progressed as in front of calendar as 1976 by Maisotsenko 
and his accomplices in Soviet Affiliation [2]. He developed 
another thermodynamic cycle named as 
"MaisotsenkoCycle". It is furthermore called the M-cycle 
which uses the customary IEC, anyway with a totally 
extraordinary breeze current. The rule bit of breathing space 
of the RHMX is that it utilizes some segment of cooling air 
in the basic channel into discretionary channel, which 
improves its capability as showed up in Fig. 1. 

II. ANN MODEL INTRODUCTION 

ANN model is a count made to process the data as is 
performed in the natural/natural neural framework. The 
objective of ANN is to reproduce the example between 
available data yield data. One of the principle preferences of 
the ANN is its capacity to overcome the error data test and 
catch the nonlinear association between information yield 
instructive accumulation. Since the framework can yield a 
response dependent on cloud testing section data, it is 
prepared for hypothesis to any subjective data and models 
an association on a crucial level between any perfect data 
centers. It is especially urged to apply the showing 
instrument on stochastic, fluffy, and complex systems with 
the nonlinear participation among data and yield instructive 
files. The notable sort of back propagation, multi layer 
discernment, figuring was used in this assessment. The 
framework is executed by empowering the data forward way 

then the synaptic burdens and tendencies are tuned to 
achieve speedy decrement of the errors in the turnaround 
stream heading. In this assessment, the convincing factors, 
for instance, channel speed, extraction air extent, inlet 
condition were treated as the data instructive accumulation 
given by past numerical model diversions. The mimicked 
RHMX outlet temperatures were taken as the yield 
enlightening accumulation. The dew-point reasonability and 
cooling breaking point would then have the option to be 
resolved if the outlet temperature is available. The major 
convincing parameters of ANN model are the hidden layer 
number and its neuron numbers, blend of trade work, and 
the data test appointment. The desire accuracy was taken a 
gander at by using 1–3 covered layers and it was found that 
no essential improvement for the accuracy could be 
practiced with progressively hid layers. Thusly, in order to 
unravel the model, only1 disguised layer was picked. In this 
manner, the neurons number was attempted in the extent of 
4–20 and 10 neurons number was finally picked. By then, 
the optional blend of tansig, purelin, logsig, satlins move 
utility/work was assessed. The purelin/logsig move 
utility/work gathering demonstrated the greatest 
introduction. In addition, the test portion as preparing 
information, approval information alongside test 
information was set like default: 70%, 15%, and 15% 
correspondingly. Last other than not slightest, the whole 
example information was pre-handled through normalizing 
between 0 with 1, which showed signs of improvement the 
ANN model viability. The basic plan of anticipated ANN 
model is uncovered in Fig. 2.  
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Figure 2: ANN model architecture. 

III.LITERATURE SURVEY 

This paper presents the experimental examination of a semi-
indirect evaporative cooler (SIEC), which goes about as an 
imperativeness recovery device in cooling systems. 
Experimental estimations were cultivated for the depiction 
of the warm execution of the device, using the design of 
experiments (DOE) approach and an analysis of variance 
(ANOVA).[9]  
The examination delineated in this paper hopes to show the 
essentials where the errand of two unmistakable evaporative 
cooling structures is based, similarly as the experimental 
results made to depict their direct in different conditions of 
outside air. These results will permit to portray, as 
demonstrated by the musings of the systems' action, 
appropriate parameters to depict the glow and mass 
exchange shapes that happen similarly as to consider them, 
for example, cooling farthest point, warm or overwhelming 
ampleness; and some time later working up this comparable 
analysis. The vital structure includes a bank of earthenware 
funnels coordinated vertically alongside amazed going about 
as a warmth exchanger (SIERCP). In the second case an 
evaporative cooler has been manufactured with empty 
blocks stacked up with still water (SIECHB). The two 
systems are designated "semi-indirect" in light of the way 
that they are designed to go about as either prompt or 
indirect evaporative structures depending upon the general 
sogginess of the outside and return air streams. Results 
exhibit that parameters related to the air dampness should be 
considered; and that the ensuing structure carries on all 
things considered as a direct evaporative cooler and gives a 
predominant presentation. [10] 
In the present work, two novel sorts of evaporative systems 
are showed up. A returning air recovery structure is used. 
The indirect structures have two free airflows, the 
fundamental airstream is used to refrigerate and the 
discretionary stream is in direct contact with water to 
improve warmth and mass trade. The fundamental apparatus 

(the indirect evaporative fridge) works like a level 
interchanger made of aluminum and there is simply warmth 
move in the basic breeze stream. The ensuing apparatus (the 
semi-indirect evaporative cooler) is made of solid penetrable 
ceramic channels which separate the two airstreams, as such 
allowing that, in the fundamental breeze current (beside the 
glow move), there is in like manner a mass trade. It should 
in like manner be referenced that this structure is free of 
legionella, in light of the way that the channels play out the 
activity of a channel material, making it unfathomable for 
the bacterium to enter premises. This system has been 
named a semi-indirect evaporative structure due to the 
permeability of the porous channels which grant a higher or 
lower water dissemination and as needs be a mass trade 
dependent upon the specific tenacity of the fundamental 
airstream.[11]  
In the present work, two novel sorts of evaporative 
structures are showed up. A returning air recovery structure 
is used. The indirect systems have two free airflows, the 
fundamental airstream is used to refrigerate and the helper 
stream is in direct contact with water in order to improve 
warmth and mass trade. The primary apparatus (the indirect 
evaporative refrigerator) works like a level interchanger 
made of aluminum and there is simply warmth move in the 
basic breeze stream. The consequent equipment (the semi-
indirect evaporative cooler) is made of solid penetrable earth 
channels which separate the two airstreams, as such 
allowing that, in the basic breeze stream (beside the glow 
move), there is also a mass trade. It should in like manner be 
referenced that this structure is free of legionella, in light of 
the way that the pipes play out the activity of a channel 
material, making it unfathomable for the bacterium to enter 
premises. This system has been named a semi-indirect 
evaporative structure due to the permeability of the porous 
channels which grant a higher or lower water scattering and 
thusly a mass trade dependent upon the specific dampness of 
the fundamental 
airstream.[12]  
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A review on daylight based controlled solid desiccant - 
vapor weight creamer cooling system has been finished. 
This gives latest information on progressing headway in 
cooling and manufactured condition made by use of creamer 
cooling. Use of economical sun based imperativeness can be 
a respectable hotspot for recuperation warmth gave in 
reactivating desiccant dehumidifier used in exchange 
cooling systems. Desiccant dehumidification helped vapor-
weight based mutt cooling structures can adequately couple 
to boundless sun situated warm ability to hose power use 
and to spare condition rather than standard cooling.  
The essentialness saving capacity of sun based controlled 
desiccant cooling advancements is appeared and discussed 
when stood out from the vapor weight based normal cooling 
systems. It is found that the solid desiccant fused creamer 
cooling systems are certain than the standard vapor weight 
cooling, since it is better techniques for moderate and 
cleaner cooling. The present review can improve the 
handiness of daylight based essentialness as economical 
recuperation warmth source in warmth driven solid 
desiccant based mutt cooling system and helpers future 
masters to acknowledge the assessment open entryways in 
this area.[13]  
In this assessment, the introduction of a novel consolidated 
course of action of indirect evaporative cooler with inward 
dazes as air pre-cooling unit and evaporative condenser has 
been experimentally investigated. Consequently, the 
experimental course of action including an indirect 
evaporative cooler with internal confuses sought after by an 
evaporative condenser contains the high temp water 
serpentine chambers with external unstable film cotton layer 
was designed, created and attempted. The effects of pre-
cooling unit and the external dainty film cotton layer on the 
display of the evaporative condenser are investigated. The 
experimental results show that, for extending the breeze ebb 
and flow rate from 250 to 1450 m3/h, the temperature 
qualification of bubbling water through the evaporative 
condenser change in the arrives at some place in the scope 
of 13 and 24.9 C for the case without pre-cooling unit, 17.6–

38.4 C for using the pre-cooling unit with inside confounds 
and with use the dainty film cotton layer. Furthermore, the 
pace of advancement of the cooling weight is in the degrees 
some place in the scope of 166 and 318 kW for case without 
pre-cooling unit, yet for using the pre-cooling unit with 
inside astounds and with use the small film cotton layer the 
cooling weight change some place in the scope of 224.7 and 
490.3 kW. For using the external dainty film cotton layer on 
the holders of cross stream heat exchanger and with use the 
pre-cooling unit with inside baffles before the evaporative 
condenser the rate increases in the cooling weight change 
some place in the scope of 35.4 and 54.2% appeared 
differently in relation to the evaporative condenser without 
pre-cooling unit.[14]  
Here, explores the capacity of diminishing the yearly 
essentialness usage of a central cooled working through 
bleeding edge evaporative cooling systems. The structure 
considered is a common three story library working of a 
School. The regenerative evaporative cooling advancement 
is joined with the liquid cooled water chiller structure to 
accomplish the essentialness protection objective. 
Relationships of the regenerative evaporative cooling are 
made with fundamental evaporative cooling to draw out the 
importance such a system. The striking structure generation 

programming, TRNSYS is used to do the glow load 
estimations and the dynamic diversions of the structure. 
Yearly essentialness uses of different portions of the cooling 
system are evaluated for the flow water chiller structure 
similarly concerning both coupled evaporative cooling 
systems (clear and regenerative). The yearly essentialness 
usages, the indoor temperature, the relative clamminess and 
the warm comfort record 'PMV' are considered for all the 
three different cooling structures. The coupling of quick and 
regenerative evaporative cooling advances with water chiller 
system has showed up, 12.09% and 15.69% hold assets in 
yearly essentialness usage of the structure, while keeping up 
PMV some place in the scope of −1 and +1 for most of the 

hours in the year.[15]  
A story rotational desiccant cooling cycle is proposed and 
thought about using thermodynamic analysis procedure. The 
proposed cycle organizes the developments of isothermal 
dehumidification and regenerative evaporative cooling, 
which are useful for irreversibility decline. Thermodynamic 
assessment on the basic rotational desiccant cooling cycle 
exhibits that the energy profitability of the central cycle is 
simply 8.6%. The techniques of desiccant dehumidification 
and evaporative cooling, which are fundamentally the 
explanation behind spinning desiccant cooling, impact the 
energy execution of the cycle unimaginably and speak to 
around 33% of the hard and fast energy pulverization. The 
proposed cycle can improve pivoting desiccant cooling 
development. It is ideal to the extent both warmth source 
utilization rate and space cooling limit. The energy viability 
of the new cycle is improved basically to 29.1%, which is 
around numerous occasions that of the ventilation cycle and 
60% higher than that of the two-arrange turning desiccant 
cooling cycle. In addition, the recuperation temperature is 
lessened from 80 C to around 60 C. The relating express 
energy of the inventory air is extended by practically 30% 
when differentiated and the normal cycles.[16]  
A record with open-cycle turning desiccant cooling has been 
inquired about experimentally. The advances of two-arrange 
dehumidification and regenerative evaporative cooling have 
been facilitated together in this chiller. The objective of this 
examination is to grow the limit with regards to dealing with 
sensible warmth of the turning desiccant cooling system. In 
light of the experimental results, it is found that the novel 
chiller is an average choice for space cooling using low 
quality warmth source. The temperature of the stockpile 
chilled water from this unit is around 15–20 C. The warm 
coefficient of execution is about 0.3–0.6 to the extent the 
chilled water age. Furthermore, the spinning desiccant 
cooling structure, which produces both dry air and chilled 
water, is exhibited to be superior to anything the standard 
pivoting desiccant cooling system in dealing with the 
sensible warmth. Especially, under clingy and high moist 
conditions, the practical cooling farthest point of the novel 
structure is up 'til now at a 
perfect level.  
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The specific warm coefficient of execution of the novel 
rotating desiccant cooling structure is around 0.8–0.9 

considering the making of both chilled water and dry 
air.[17] 

Table1- Contrast of evaporative cooling systems in arithmetic simulation parameters 

Author 

  

Moshari and 
Heidarinejad 

[11] 

Cui et al. 
[25] 

Zhan et 
al. [23] 

Zhao et 
al. [26] 

Woods 
and 

Kozubai 
[24] 

Anisimo
v and 

Pandelidi
s [8] 

Year                   2015 2014 2011 2008 2013 2014 

Arrangement 
of           flow 

of cooler 

Counter along 
with cross-

flow 

Flow of 
Counter 

Counter 
along 
with 

cross-
flow 

Flow of 
Counter 

Flow of 
Counter 

Flow of 
Cross 

Conditions of 
Simulation - 

Feed water 
temperature in 
Degree Celcius 

N/A N/A N/A 16 N/A N/A 

  

Working toward 
intake air ratio 

0.95   .1 to .9 0.5 .2 to .4 N/A 

Channel length 
in MM 

500 1000 1000 1000 560 
250 to 
1000 

Inlet air 
humidity in 
Gram/Kilogram 

11.7% RH 8 to 12 11.35 11.42 3.4 to 16.2 
20 to 

60% RH 

Inlet air 
temperature in 
Degree Celcius 

34.2 25 to 35 28 28 25 to 43.3 25 to 45 

Inlet air velocity 
in microsecond 

1.17 .3 to 4 1 1 1.1 to 2.8 1.8 to 7 

Dry channel 
height in MM 

7 6 5 10 1.85 2.5 to 2.0 

Wet channel 
height 

7 3 5 10   2.5 to 2.0 

 
Table 2- Contrast of evaporative cooling systems for Experiment parameters 

Author 

  

Cui et 
al. [22] 

Rogdakis 
et al. [21] 

Zhan et 
al. [23] 

Hsu et 
al. [17] 

Khalid et 
al. [18] 

Lee and 
Lee [20] 

Riangvil
aikul and 
Kumar 

[21] 

Year                   2016 2014 2011 1989 2016 2013 2010 

Type of Study 
Flow of 
Counter 

Flow of 
Cross 

Flow of 
Cross 

Flow of 
Counter 

Flow of 
Cross 

Flow of 
Counter 

Flow of 
Counter 

Conditions of 
Testing  

Feed water 
temperature in 
Degree 
Celcius 

N/A N/A N/A N/A 20 to 40 N/A N/A 

  

Dry channel 
air flow 

1.5 to 3 
m/s 

2.1 to 3.4 
m/s 

130 
m3/h 

N/A 
1.1 to 1.7 

m/s 
.24 

m3/s 
.174 

m3/min 

Inlet air 
humidity in 
G/KG/RH 

10 
30 to 
33.5 

35% to 
50%RH 

11.70% 
RH 

11.2 to 19 
40% to 

60% 
RH 

7 to 26 

External size               
Wet channel 
air flow 

1 to 2 
m/s 

4.1 m/s 67 m3/h N/A 
1.1 to 1.7 

m/s 
.071m3/

s 
N/A 
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Inlet wet-bulb 
temperature in 
Degree 
Celcius 

N/A N/A 
15.8 to 

33.4 
15 N/A N/A N/A 

Inlet air 
temperature 

22 to 37 
33 to 
36.5 

23 to 44 34.2 25 to 45 
27  to 

32 
25 to 45 

Measuring 
Device 

Resolution 

Humidity (+ve 
or -ve) 

2%RH 1%RH N/A N/A 1% 1% N/A 

Temperature 
in Degree 
Celcius (+ve 
or -ve) 

0.1 0.2 N/A N/A 0.2 0.2 N/A 

Velocity (+ve 
or -ve) 

2% .2 m/s N/A N/A 5% 3% N/A 

 
Here table 1, outlines the arithmetical investigations of the 
RHMX alongside their specific simulation or reproduction 
parameters. The detail complexity of the investigational 
parameters of late writing is outlined in table 2. As abridged 
over, the RHMX had been contemplated with arithmetical 
recreation generally investigational test just as the outcomes 
demonstrated its excellent exhibition inside cooling 
application, especially for the counter-flow RHMX. Given 
that the warmth alongside mass move forms at the same 
time happen inside RHMX, the troublesome marvel lead 
toward the multifaceted nature to acquire the right 
relationships to estimate the opening conditions of RHMX. 
In this respects, arithmetical model or investigational data 
are use as a previously mentioned works. However, the 
investigational data are incomplete toward the conditions 
when the preliminary is performing which can't be broad 
toward other working conditions. Meanwhile, arithmetical 
models are troublesome alongside tedious dominatingly 
when the RHMX is utilized inside a central air course of 
action alongside that long haul dynamic structure 

reproductions are to be achieve. Therefore, it is the 
motivations behind the current figure out how to extend a 
data-driven model which can be basically apply to visualize 
the introduction of a counter-flow RHMX. 

IV. RESULT DISCUSSION 

We will be use various parameters in evaporative cooling 
system for getting effective results, which are discuss below 

Table 3: Various parameter and their ranges 
S. No. Parameters Ranges 

1 Mass flow rate of air 
ma(kg/s) 

0.28 

2 Coil bypass factor (X) 0.2 
3 ADP 2oC 
4 COP of VCR system 3 
5 Ambient temperature To 

(oC) 
30-46oC 

6 Pump and fan cover 300w 
7 Specific humidity 

wo(gm/kg) 
6-22 gm/kg 

8 Wet bulb effectiveness ε 1 

 

Figure 3: Variation of saving in cooling load 
After discussion of various parameters, we have to discuss 
variation of evaporative cooling system for various given 
parameter such as figure 3 shows the variation of saving in 
cooling load with respect to temperature and sp. humidity in 
the proposed system as compared to the conventional 

system. Here, horizontal and vertical coordinate represent 
temperature of surrounding air in oC and percentage saving 
on the cooling load on the coil Qc respectively as well as ε = 

1, BPF = 0.2 and ADP = 2oC. 
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Figure 4: Variation of cooling load on cooling coil 
 
Figure 4 describe the variation of cooling load on cooling 
coil with respect to temperature and sp. humidity in the 
proposed system. Here, horizontal and vertical coordinate 

represent temperature of surrounding air in oC and cooling 
load on the coil Qc in KW respectively as well as ε = 1, BPF 

= 0.2 and Qr = 9.137KW. 

 
Figure 5: Variation of cooling load on cooling coil 

Figure 5 describe the variation of cooling load on cooling 
coil with respect to wet bulb effectiveness in the proposed 
system. Here, horizontal and vertical coordinate represent 
wet bulb effectiveness (WBε) and cooling load on the coil 

Qc in KW respectively as well as to = 42, BPF = 0.2 and Qr 
= 9.22KW. 

V. CONCLUSION 

The outcomes demonstrate that, under states of steady 
airflow rate with variable inventory air parameters, the 
outlet supply air temperature of the exchanger set vertically 
is 1.41–2.400C lower than that of exchanger set on a level 
plane or horizontally, in the interim or meanwhile, 24–44% 
all the more cooling limit is acquired by the vertical 
exchanger. It demonstrates that arrangement mode effect on 
thermal execution of the exchangers and the exchanger set 
vertically consistently demonstrates a superior exhibition. 
The primary explanation is viewed as the presence of bigger 
dry zones in exhaust air channels of the even exchanger that 
lessen the warmth move between exhaust air and supply air. 
For the extraction air proportion, an ideal point happened in 
which the cooling limit was expanded. To further investigate 
the profile of this ideal extraction air proportion at various 
gulf or inlet air conditions, an enhancement analysis was 
made. To beat the overwhelming computational burden 

encountered by the basic numerical modeling methodologies 
utilized by past scientists, a data-driven artificial neural 
network (ANN) model was created. 
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