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Abstract. Innovation mathematical research model of the
central straight flow air conditioning system for cleanroom in
order to computer’s estimation its energy effective by virtue of
exergetic output-input ratio depending on different factors,
which have influence on its work, was presented in this article.
The dependence of exergetic output-input ratio for chosen air
conditioning system on parameters of external air was defined
thanks to this model.
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INTRODUCTION

In modern technol ogies, which are related to energy
transformation, namely in the air conditioning systems,
important place are occupied by objects creation and
improvement of which requires the use of innovation
thermodynamics. Classic apparatus of this science is of-
ten insufficient to solve new tasks; it is necessary not
only to its further devel opment, but its combination with
the elements of a systematic approach and economy.

Under the influence of these requirements the ex-
ergy method has been designed in the lagt decades [6-
10]. Its main idea is to introduce, along with the com-
mon, fundamental concept of energy, the additiond in-
dicator — exergy, which allows considering the fact, that
the energy depending on external conditions may have a
different valuefor practical use.

The calculations of balances and different character-
istics of technical systems, air conditioning systems in
particular, taking into account the exergy enables the
easiest and clearest way to solve many scientific and
technical problems. They help to remove frequent errors
that are found and associated with ignoring the qualita-
tive side of change.

The feature of the central straight flow air condi-
tioning system is that the starting substance, which is
processed in it — is the outside air, the parameters of
which may vary as the temperature and the relative hu-
midity (moisture content and specific enthalpy, rela-
tively). Supplied and indoor air reached necessary tem-
perature and humidity as a result of the air conditioning
systems work. Outside air is the externa environment
for air conditioning systems, the parameters of which
may vary depending on location and time. That’s why
outside air is taken as externa environment — as its dry
part and its water vapor, which is in the air. Reducing
the cost of energy, consumed by air conditioning sys-
tems (ACS), dictates the need of its optimization, which
can be fully achieved by virtue of exergetic analysis,
that takes into account not only the quantity, but also the
quality of the energy spent [7, 8, 11-14, 16, 18, 19].

DESCRIPTION OF OBJECT THAT ISANALYZED
AND INNOVATION RESEARCH MODEL

The aim of air conditioning isto keep up the certain
parameters of air in some limited space (in this case, in
cleanroom). Usually temperature t,. and relative humid-
ity j ., of air areregulated, but in cleanrooms a concen-
tration of dust particles x,, inair isalso regulated [1-5].

As an example, we can consider central straight
flow air conditioning system for cleanroom, which is
shown in Fig. 1. The work of such system depends on
the dominant environmental (external) conditions, i.e. on
temperature and moisture content in air of external envi-
ronment. Environmental air is taken via central condi-
tioner through the air-intake shaft 6, is cleaned in the fil-
ter of outside air 7, then passes through the air heater of
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first heat 8, is politropical cooled and drained in the air
washer 9, is heated in the air heater of second heat 10
and after that this air is supplied in a cleanroom through
the air supply filter 11 in the central air conditioner via
the fan unit 12 and air ducts 5 and also via air supply fil-
ters4 at the entrance to the room.

Fig. 1. Basic scheme of the centrd straight flow air condition-
ing system for cleanroom: 1 — technological equipment, 2 — air
exhaust channels, 3 — gateway premises, 4 —filters of air sup-
ply to the room, 5—air supply duct, 6 — air-intake shaft, 7 —fil-
ter of externa air, 8 — air heater of first heat, 9 — air washer,
10 — air heater of second heat, 11 — air supply filter in the air
conditioner, 12 —fan unit

Les condder the work of thisair conditioning sysem in
the warm period of year, when maidure content d,, < d,,
and temperature t,, < t . Fig. 2 showsin the coordinate
system |, d the sequence of air parameters change, which is
passing through the different equipment of central traight
flow air conditioning system for cleanroom in the warm pe-
riod of year. In researches mass productivity of air condi-
tioning sysem G = 10000 kg/hr is accepted, that was
counted by the number of dust partides, parameters of out-
door air veried within: t_, =26-42°C; d,, =9,3-159gr/kg
(oecific enthdpy: 1, = 498832 kJkg; rdative
humidity: j ,, = 27-54 %, accordingly), barometric pres-
sure: p,, = 1010 hPa, parameters of indoor air, respec-
tivdy: t.. =23-30°C; j,, =50% (d,, = 88134 gr/kg;
I.. =455-64,4 kJkg, accordingly); temperature difference
between the inside and the supplied air depending on ex-
cess heat in the deanroom: Dig=t, - tg = 1,56,0°C;
dope coefficient of excess heat and moisture assmilation

in the deanroom by the supplied air via air conditioner:
e = 9946-16858 kJKkg; water temperature (coolant tem-

perature) for the air washer initial: t,, =7,0-14,9°C; fina:
t, =9817,3°C; heat transfer agent (water) temperature
for the heater of second hest initid: t,,, = 70°C; final:
t, =42°C.

The sequences of changes, that occur with moist air,
which passes through the various equipment of air con-

ditioning system, are shown in Fig. 2. Construction on
the I-d — diagram was made in accordance to [11]. Air
parameters in the characterigtic points of the process
(Fig. 2) were determined by the adopted values of the
parameters for outdoor air and were calculated on the
proposed mathematical model by the known anaytical
dependency for moist air.

Amount of the cold for air treatment in the air
washer (cooling capacity of air washer) in the warm pe-
riod of year was defined by the equation:

Q. =Gsql,- I,) 0,278, W, D

and amount of the heat for the second air heating in the
warm period of year was defined by the next equation:

Q,=Geqls - Ix) 0,278, W, (2)

wherer 1, =1, , I, and Iy — specific air enthalpy at

the corresponding points of processes, that cause the
change of moist air state in the central straight flow air
conditioning system in the warm period of year on the
I-d — diagram (Table 1), kJkg.

hr
Ug

Fig. 2. Theimage of the process of changing the moist air state
in the straight flow air conditioning system in a warm period
of year on the |-d — diagram: OK —the process of polytropic air
treatment (cooling and drying) G,, =G in the ar washer;
KS, — the air G, heating process in the air heater of second
heet; S S—the air G¢ heating by 1 °C in the fan and the sup-
ply air duct; S — the process of excess heat and moisture as-
similation in the cleanroom by the supplied air G, viathe ar
conditioner

The am of this work was to creste the innovation
mathemeatical research modd of the central straight flow air
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conditioning system for cleanroom in order to computer’s
egimation its energy effective by virtue of exergetic output-
input ratio in dependence from different factors, which
have influence on its work. Material, heat (energy) and ex-
ergy balances of the sysem were made up in this mode,
which take into account all the possible variants of its work
inreal conditions.

The concept of exergetic output-input ratio was
used for the rational excellence assessment of the air
conditioning system, which was defined as the ratio of
air exergy increase in ar conditioned premises E,, to
the exergy of air conditioning system transmission E,,,

which was spent on maintaining the process [6-10, 12,
13, 15-20]:

h, == 3)

The exergetic output-input ratio, which character-
izes the efficiency of the central graight flow air condi-
tioning system work for cleanroom in the warm period
of year, was defined by the equation:

DE

e: cw N hw fan RM 7 (4)
Dan+[Ehea+Nu§e+Nuée+lee+Nuse

where: DEy =Eg - E, — exergy reduction of condi-
tioned air in the cleanroom, W; Eg and E, =E,, — ex-
ergy of supplied and indoor air in the cleanroom, in ac-
cordance, W; DE,, =E, - E, —exergy change of wa-
ter in the air washer (exergy growth of air in the air
washer, relatively), W; E, and E, - exergy of water
in the air washer with it initial and final temperatures,
relatively, W; DE,, =E,. - E,, — exergy change of
heat transfer agent (hot water) in the air heater of second

heat (exergy reduction of air in the air heater of second
hest, relatively), W; E,., and E, —heat carrier exergy
in a feeding and reverse jets of the air heater of second
heat, relatively, W; Ni, — consumed power via the
pump of cold water for the air washer, W; N — con-
sumed power via the pump of how water for the air
heater of second heat, W; N — consumed power via
the fans engine of the accepted central air conditioner,
W; NP — consumed power via refrigeration machine
for the central conditioner, W.

The values, included in the equation (4), were de-
fined asfollows:

DEy =GsXes- )" 0,278, W, (5)

where: e; and e =e, — specific exergy of supplied
and indoor air in the cleanroom (Table 1), relatively,
kJKg;

DE,, =G.., & - &) 0,278, W, (6)

where: e, =¢e,, and e, — specific exergy of outdoor air

and cooled and drained air in the air washer (Table 1),
relatively, kJkg;

DE,, =Gs& - &) 0,278, W, @
where: e, — specific exergy of air, that was heated in
the air heater of second heat (Table 1), kJ/kg.

If it is necessary to find a specific exergy of water
under a certain absolute temperature T, , then it can be
defined asfollows:

Ll kg, @
To %]

where: ¢, =4.19 kJ/(kg*K) — water specific heat (at
constant pressure).

If it is necessary, the exergy change in a therma
process can be determined by the equation:

e = ff- 50w, ©
Tog

where. Q — heat flow, which takes place in the thermal

process, W; T =273+05(t,+t,) — absolute average

temperature in a thermal process, K; t, and t, —initia
and final temperature in the thermal process, °C.

The power consumption of fans electromotor for air
transport was determined by the equation:

N= =N, W, (10)
— ingtaled fans motor capacity of the

eW:cW%q'W-TO-TOxn
e

fan 7
where: N
adopted central air conditioner, W; h,,, — fans output-
input ratio. N& and N were similarly determined.

Taking the coefficient of the energy class of refrig-
erator EER. = 2,8, its power consumption were deter-
mined by the equation:

NRM - QC
“** EER.’

The specific enthalpies of moist air were calcul ated
asfollows:

Specific exergy of moist air at certain points of the
processes, that characterize the work of the central
straight flow air conditioning system, are determined by
the following equations:

e=e, +¢

ch?

(11)

kJkg, (12
where: e, and e, — specific physica and chemica exergy
in rdation to outdoor air (environment), respectively:

=% _ d o
e =%C . 4C_ *x—_=
P 8 dar ® 1000 g

T T, ToinL2, kikg,  (13)
Je

To 7]
where: T, = 1,005 k¥(kgK) and T,,, = 1,86 k¥(kg:K) —

average specific heat (at constant pressure) of dry air
and water vapor, respectively;
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T, and T —the absolute temperature of the outdoor
air (environment) and air in a certain point in the proc-
ess, respectively, K (273+t =T);

= To ’g dair

y 622+d d . du
An S+R._ % An—g, kdJkg, (14
y 62+d 1000 4. kIkg, (14)

do u
Rear = 0,287 k¥(xrK) and R, = 0,462 kJ(krK) —

the gas congtant of dry air and Water vapor, respectively;
d, and d —the moisture content of the outdoor air (en-

vironment) and air in a certain point in the process, re-
spectively, hr/kg.

The calculation results of the moist air specific ex-
ergy in a certain points of the processes, which charac-
terize the work of the central straight flow air condition-
ing system, are summarized in Table 1.

It should be noted that we have not been taken into ac-
count exergy loss, associated with the loss of aerodynamic
pressure of air stream, which arerdatively small and can be
neglected, lossesin the environment also are not accounted,
besides it is accepted that the process of humidification in
the air washer occurs palytropic. The parameters, which
characterize the gate of the air a al points of the processes
for the given central air conditioning system, are summa-
rizedin Table 1.

+R x_0>

** 1000 g

RESULTS OF THE RESEARCH WORK

Subgtituting the obtained estimated values in a
equation (4), the values of exergetic output-input ratio
h, for the specified air conditioning system depending
on externa temperature conditions were calculated,
namely. temperature t,, and moisture content d,, of
outdoor air served them in the form of appropriate de-
pendencies on the Fig. 3 and on this basis analysis was
made.

Analyzing the obtained research data on a Fig. 3 the
following conclusions can be reached.

The generd increase of outdoor air t,, from 26 to
42°C, namely in 1.62 times more, according to the gen-
era increase of moisture content of outdoor air d,, ina

row 3 from 10.3 to 14.9 hr/kg, namdy in 1.45 times
more, leads to a significant growth of exergetic output-

input ratio value h, from 0.26 to 2.30, namely in 8.85
times more or at 785 %. It should also be noted (Fig. 3),
that the increase of moisture content of outdoor air d,,
from 13.9 to 15.9 hr/kg, namely in 1.14 times more,
when the temperature of outdoor air t,, = 42 °C, leads
to a dight decrease of exergetic output-input ratio h,
from 2.44 to 2.18, namely in 1.12 times less or at 12 %,
which can be ignored if necessary. So the chosen air
conditioning system should be preferably used at higher
temperatures of outdoor air, that is, for example t,, =
42 °C, that will make possible to gain the highest exer-
getic output-input ratio h,, which means to gain the
most advantageous economical variant of exploitation of
chosen air conditioning system.
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0,20

20 25 30 35 40 45 50

toun °C
Fig. 3. The dependence of exergetic output-input ratio h, of
the central straight flow air conditioning system for cleanroom
on temperature t_, and moisture content of outdoor air: row 1
+—d,, =93139Mkg row 2m—98-14,4;ron 3 A —103-14,9;
row 4 X —10,8-15,4; row 5 X —11,3-15,9

It should be noted (Fig. 3), that there is one law of
change the exergetic output-input ratio, when the tem-
perature of outdoor air t , is from 26 to 34°C, and
when the temperature of outdoor air t,, isfrom 34 to

42°C — another. This is because the indoor temperature
of theair in the clean room istaken differently to outside
air temperature t,, = 30°C and above it. That's why lets

consider these changes separately.

Table 1. Parameters of points, those describe the state of moist air during the work of central air conditioning system

Points on the Temperature Specific Moisture content Rela_ttlye Specific exergy
I-d — diagram t,°C enthalpy d, hrikg humicity e, kikg
I, kJkg )%

(o) 26-42 49,8-83,2 9,3-15,9 27-54 0,0-0,0

1 23-30 45,5-64,4 8,8-13,4 50-50 0,0173-0,2707

S 21,5-24,0 43,5-57,3 8,6-13,0 54-69 0,0385-0,5904

Si 20,5-23,0 42,4-56,2 8,6-13,0 57-74 0,0559-0,6542

K 13,3-19,7 35,1-52,8 8,6-13,0 90-90 0,2870-0,8925
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So, the genera increase of outdoor air t,, from 26
to 34°C, namey in 1.31 times more, according to the
general increase of moisture content of outdoor air d,

inarow 3 from 10.3 to 12.7 hr/kg, namely in 1.23 times
more, leads to a significant growth of exergetic output-
input ratio value h, from 0.26 to 0.98, namely in 3.77

times more or a 277 %. It should also be noted (Fig. 3)
that the increase of moisture content of outdoor air d,,
from 11.7 to 13.7 hr/kg, namely in 1.17 times more,
when the temperature of outdoor air t,, = 34 °C, leads
to a dight decrease of exergetic output-input ratio h,
from 1.04 to 0.93, namely in 1.12 times less or at 12 %,
which can be ignored if necessary. At the same time the
averagerate of change of exergetic output-input ratio h,
at thisinitial section Dh,/Dt,, is0.09 1/°C.
Respectively the general increase of outdoor air t,,,

from 34 to 42°C, namely in 1.24 times more, according
to the genera increase of moisture content of outdoor air
d,, inarow 3 from 12.7 to 14.9 hr/kg, namely in 1.17

times more, leads to a significant growth of exergetic
output-input ratio value h, from 0.98 to 2.30, namely in

2.35times more or a 135 %. At the same time, the aver-
age rate of change of exergetic output-input ratio h_ at

this section Dh,/Dt,, is 0.165 1/°C, that is in 1.24
times more, namely in 84 %, than at initial section.

The dependencies (Fig. 3) we have obtained in the
form of analytical equations for temperatures of outdoor
ar t,, =26-34°C:

h, =0,1841x_, +0,1990>d,, -
- 0,0075%,, >, - 4,5645
h, =0,1841x_, +0,1990>d,, -

- 0,0075%,, >d,, - 4,5645, (15)
and for t, = 34-42°C:
h,=0,3187%,,, +0,2585xd,, -
- 0,0093%,, >d,, - 9,1135. (16)

The maximum error of calculations by the equation
(15) is 16.4 % and by the equation (16) — 1.7 %.

So the exergetic analysis of the centra straight flow
air conditioning system for cleanroom, which was per-
formed on innovation mathematical research mode,
which was created by authors, provided the opportunity
to thoroughly estimate the dependence of exergetic out-

put-input ratio N, this system on temperature tq; and

moi sture content dout of outdoor air.

CONCLUSIONS

Innovation mathematical research mode of the cen-
tral straight flow air conditioning system for cleanroom
in order to computer’s estimation its energy effective by

virtue of exergetic output-input ratio depending on dif-
ferent factors, which have influence on its work, was de-
scribed in this article. The dependence of exergetic out-

put-input ratio for chosen air conditioning system h,, on

temperature to; and moisture content dg, ¢ of outdoor

air was presented. It is shown that the chosen air condi-
tioning system should be preferably used at higher out-
door air temperatures, namey, for example

tout = 42°C, that will give the opportunity to gain the
highest exergetic output-input ratio h , which meansto

gain the most advantageous economical variant of ex-
ploitation of chosen air conditioning system.
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