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Influence of Radiative Source to Heat-Mass Transfer Intensity of Sprayed Water Droplets in
Air Conditioning Processes

Gintautas Miliauskas', Stasys Sinkunas’, Kristina Norvaisiene’

! Kaunas university of technology, K.Donelai¢io St. 20, LT-44239 Kaunas, Lithuania; gintautas.miliauskas@ktu.lt
? Kaunas university of technology, K.Donelai¢io St. 20, LT-44239 Kaunas, Lithuania; stasys.sinkunas@ktu.It
3 Kaunas university of technology, K.Donelaicio St. 20, LT-44239 Kaunas, Lithuania; kristina.tiuksaite@stud ktu.It

Abstract

Thermal state of water droplets and intensity of phase
transformations on their surface is modelled in the
evaporation chamber of air conditioning system.
Additional radiant energy allows forming unsteady
temperature field with negative gradient in sprayed
water droplets and essentially changes the rate of phase
transformations on the droplet surface. That allows
making the assumptions to organize the process of air-
conditioning in qualitatively new way.

Keywords: water droplets, air conditioning process

Introduction

Two phase water droplets-gas flows are common not only
in natural phenomena, but are also met in important
thermal processes such as waste heat utilization in
ventilation; heat exchangers of building HVAC systems;
air humidifying and drying in evaporation chambers of air
conditioning systems. In the evaporation chamber there is a
small difference of energetic potential between air and
water injected into air, therefore the processes of phase
transformations are inefficient. One searches for the
methods to intensify heat and mass transfer processes. For
that it would be possible to use additional thermal energy,
introduced into heating of water droplets. Radiation
sources independent from air state — hot surfaces or even
laser could spread such energy. For development of such
air conditioning technologies it is necessary to be familiar
with the radiant influence on heat and mass transfer
processes of sprayed water droplets. Also, it is necessary to
take into account the intensity of transfer processes in the
air flow and inside the evaporating droplets. Due to
intensive external energy impact droplets temperature rises,
phase changes take part on their surfaces. Transfer
processes in disperse and carrying mediums of two-phase
flow are close related [1, 2]. The research of heat and mass
transfer of the condensed particles is known as a “droplet
problem”. It includes the heat and mass transfer researches
inside the droplet and in its ambience. The achievements of
the last decades in the field of “droplet” problem are
overviewed in [3].

The analytical numerical research method

The combined analytical numerical method of the
“droplet” problem’s solution is more applicable, when it is
necessary to evaluate the interaction of unsteady heat and
mass transfer processes and the peculiarities of spectral
radiation [1, 4]. The main point of those methods is as
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follows: the schemes of numerical computation of an
unsteady temperature field of a droplet are constructed not
for the primary system of nonlinear differential and integral
equations, but for its solution — the system of nonlinear
algebraic and integral equations. The main advantages of
this method are avoidance of the indeterminacies, related to
selection of time and coordinate steps and reliable control
of numerical research convergence. The scheme of surface
temperature’s calculation is constructed on the basis of the
condition of energy flow’s balance on the droplet surface:

G (0)+ 35 (e)+ 7 (0)=0. (n
Here: g5 and qy — densities of total heat flow and heat
flow of phase transformations on the external side of the

droplet surface, respectively; ¢gs — density of total heat

flow of the droplet surface on the internal side; 7 —
time. Local total heat flow density in a droplet:

or(r,t 2
g5(0,7)=0, (. 2)+ r.r) L) @
depends on radiation absorption intensity and local
temperature field gradient [5]:

A7)y g(nm onm 1 nm
o =1\ "R R 72 R
T

x| £, (R 7)x exp|:— a[”;jz (- T')}dr'.

(€))

0

Here: a — thermal diffusivity; T — temperature; ¢, —

radiative heat flux density; R — radius of a droplet; r —
coordinate of a droplet; 4 — thermal conductivity. The
function f, takes into account the influence of the

radiant absorption in a droplet and the rate of change of
droplet surface temperature on the unsteady temperature
field of a droplet [4]. The direction of an external
convective flow between gas and a droplet is
unambiguously influenced by the temperature
difference between gas and the droplet (7, —Ty); the

intensity of the convective flow (¢, ) corresponds to the
conductive heat flux (g; ):

A 4
RO R0 W I
The function of the Spalding transfer number (B, )

evaluates the influence of hydrodynamic Stephan flow
[1]. The change of a droplet mass is defined by liquid
evaporation or vapour condensation on its surface:
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aMd(T) _ _g(z_) ( )
or
The rate of phase transformations is defined by the flow
rate of liquid vapour on a droplet surface (g). It can be
characterized by the expression, using the Shorin-
Kuzikovsky model [1]. The thermal state of air is
calculated according to energy expenses for droplet
heating and for performing of phase transformations on
droplet surface. Temperature of a warming droplet
surface is selected using the method of the fastest
descent, requiring accuracy of the balance (1) to be not
less than one hundredth percent. It is stated, that it is
possible to exist the radiating source with a specific
temperature (7§, ), which emits radiant flow, similar to

the black body’s radiation.

Results and Discussion
Warming and phase transformations of water droplets
with the initial temperature7;, in the air with

temperature 7, , and the initial relative humidity ¢, ,

are modelled using the numerical method. The structure
of the two-phase flow is defined by of ratio g, =G;/G,

of the initial flow rates of the monodispersively sprayed
water and gas.

T K
4
295 ,/’>”
4/<
2 1 3
I~/
290 yad I
/ 2
285 13 T=T,
24 T=Ty a
280 ‘ ‘
0 10 20 30 40 50 Fo
p,Pa

2500
2000 i:
1500
13 p=pg
b
24 p=pp
0 10 20 30 40 50 Fo

Figure 1. The influence of heating mode of sprayed water
droplets on the process of air-conditioning: (1, 2) convective

AN

1000

heating; (3, 4) combined heating; as Awy =5.7 m/s and

T,. =500K. go=0.1; Ry =90 um; @y =30%

Convective heating of droplets is modelled by accepting
velocity of droplets slip in the airAw,. In the case of

combined heating, a source of radiation with temperature
T,. is acting additionally. The mode of heating of the

water droplets has a significant impact on the process of
air-conditioning (Figure 1). As the droplets are heated by
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convection, their temperature approaches to descending air
temperature (Figure la, curves 1,2). Under the influence of
additional radiation the thermal mode of droplets changes
essentially, as the temperature field with negative gradient
forms in them [4]. That allows transferring radiant energy,
which was absorbed in the droplets, into their surfaces.
Therefore, when droplets become warmer than air, it
begins getting warmer (Figure la, curves 2,4). In the case
of convective heating the driving force of diffusion of
water vapour, which is shown by the difference of partial
water vapour pressures near the droplet ( pp ) and in air (

P ), weakens, as air humidity increases; meanwhile in the

case of combined heating — not weakens (Figure 1b). The
process of air humidification is perceptibly intensifying
when the temperature of radiant source increases.

Tre K
5

320 M/_

e
300 4

280

260

270 370 470 5710 T,K
Figure 2. Water droplets equilibrium evaporation dependence
upon the ambience temperature: /— numerical research; 2-5 —
experiment [5,6]: 2 — W.Ranz, W.Marshall; 3 -
G. Langstrof; 4 — M. Apasev, R. Malov; 5 — C. Downing.

Calculated water droplet temperatures corresponding to
the conditions of equilibrium evaporation temperatures
match the results of experimental research (Figure 2).
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Abstract

The present work is focused towards the development of
a prototype of air cooling system for the cabin of truck
using waste heat from exhaust. The available options in
heat generated cooling have been reviewed. The
adsorption refrigeration cycle using exhaust heat is
found to be suitable for transport trucks cabin cooling.
A scale of 5:1 is decided and a prototype of 0.2 TR has
been designed, the development of the prototype is in
progress. The prototype will be tested with various
adsorber configurations.

Keywords: Prototype, Truck Cabin cooling, Engine
exhaust, Absorption refrigeration.

Introduction

In India road transport is a major mode of transport for
goods over large distances. In summer the atmospheric
temperature in some parts of India touches 45°C.In such
condition the temperature inside the cabin of a transport
truck even exceeds 55°C [1] For automobile air
conditioning normally vapour compression refrigeration
cycle is used. The cycle run on engine power and
consumes around 10% of the total power produced by
the engine and thereby increases the fuel consumption
[2]. This can not be afforded as it affects the economy.
From heat balance sheet it is clear that in automobiles
large amount of heat of input, around 30 % of the total
heat supplied is going away with exhaust gases at very
high temperature. And around 30 % is going away with
cooling water. Out of this 60 % (around) a part can be
used to produce the required refrigerating effect for
cabin cooling. The significance of the work is that it
will provide space cooling without much effect on the
engine performance essentially the fuel economy.
Further the adsorption cycle use non CFC refrigerant
and thereby have little effect on environment. The
presented designs in the literature review suffered from
some practical problems. These problems are basically
related to adsorber and will be solved in the present
work by some innovative heat exchanger design
techniques. Firstly a prototype will be developed and
tested in laboratory

Literature Review

The first refrigerator automobile air conditioning system
was vapour compression refrigeration system and was
introduced by Packer in 1939. In the last 70

years, automobile air conditioning system has
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undergone gradual and continual improvements in
performance and efficiency as a result of improvements
in the individual components. Nothing significant has
happened to change the existing technology [3]. Some
work which has been done to find the alternative
cooling system has been concentrated towards solid

adsorption  cooling  systems, thermo acoustic
refrigeration, active magnetic regenerator system
thermo electric devices and vapour absorption

refrigeration (VAR) systems [4,5]. VAR found to be
more suitable and the feasibility proved theoretically for
automobiles. Very little could be done to demonstrate it
practically as there are practical limitations of VAR for
mobile applications. At present no VAR system is
available in market for capacities up to 10 kW [2,6,7].
The recent work in the literature review suggests the
suitability of adsorption cycle. A detailed review has
been carried out in the field of adsorption cycle
refrigeration.

Adsorption systems

Solid vapour adsorption is similar to liquid vapour
absorption system, except that the refrigerant is
adsorbed at the surface of another solid known as
adsorbent. A report, presented by Metrons
transportation centre suggests the suitability of
adsorption systems for vehicles [7]. Experimental
results in Literature review suggest about the feasibility
of adsorption systems. NH; and activated carbon has
been suggested as refrigerant - adsorbent pair [2,8,9].

Proposed System

A diesel engine of 30 bhp is available in the laboratory
which will be considered to supply the necessary heat.
The proposed system is as shown in Fig.1 Engine
exhaust gases enters the heat transfer fluid (HTF)
heater. HTF with stable thermal properties up to 400
°C is selected. The HTF is heated and is passed through
the adsorber to heat the adsorber bed. Three adsorber
beds are proposed one in heating mode and the other
two in cooling mode [2]. The HTF is then passed
through HTF cooler. The cooled HTF then passes
through adsorber bed in cooling mode. The partially
heated HTF is send to the exhaust gas heat exchanger
for absorbing the heat. The cooled adsorber bed adsorbs
refrigerant from evaporator. The refrigerant is then
compressed by heating the adsorber bed at constant
mass by hot HTF. The refrigerant is then passed to the
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condenser and the cycle is completed. The flow of HTF
to adsorber in cooling mode or to adsorber in heating
mode, flow to HTF heater and cooler and the time is
controlled by solenoid valve.

Figure 1. Proposed system

HTF heater

Solenoid valve with control
Solenoid valve with time control
Nh; condensers

Nh; reservoir

Evaporator exposed to cabin
HTF cooler

QTmMmgo QW

Design of Proposed system

The heat load of a truck cabin for a 150 bhp transport truck
cabin (2 x 1.75 x 1.5) m’ for design cabin temperature 30 °C
has been calculated considering various factors and is around
1 TR. The heat available in exhaust has been calculated
considering actual fuel consumption and is around 34 kW
[1]. A scale of 5:1 is decided for which a prototype is to be
developed in the laboratory. The system basically comprises
of adsorber, HTF heater, HTF cooler, condenser, and
evaporator, which are nothing but different types of heat
exchangers. These components are designed using standard
heat exchanger design co-relations [2, 9]. The detailed
design Mass balance and Heat balance equations will be
presented in the main paper the summery is given as Tablel.

Tablel.Component design summery

Component Dimension Wt
D=0.1 m; dyp.=10mm ;L= 15
Adsorber 0.2mm,n=15 kg
D¢q = 0.45 cm ; n =40 ; No. of rows 10
HTF heater ~2,0.5x05x0.1 m° kg
dpe =10mm ; L=0.3m;n=40
HTF cooler |\ o rows =203 x 0.3 x 0.1 m® | > K8
Condenser due=10mm ;L=03m;n=18; 07
No. ofrows=3;0.3x0.3x0.1 m’ kg
dipe =10 mm ; L =0.3 m ; n=40;
Evaporator No. of rows =2; 0.3 x 0.15x0.1 m° 3kg

Result and discussion

The dimensions of the system components are tabulated
in table 1. The weight of the system components is also
calculated for actual system and is around 160 kg for the
actual proposed system which is smaller than that for
absorption system and higher than the compression
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system. The details of comparison with other referred
work will be presented in the full paper

Conclusions

The engine power required to run an air conditioning
system can be saved by using waste heat powered
cooling system. Activated carbon -ammonia is found to
be suitable adsorbent-refrigerant pair. A preliminary
design of the adsorption system shows a COP of 0.42
with 8.4 kW heat required to heat the adsorber bed
against available minimum heat 34 kW. Assuming
minimum COP 0.2 the heat required to run the system is
17.5 kW. The design has been applied to develop a
prototype considering a scale of 5:1. The dimensions are
tabulated in Table 1.The developed prototype will be
helpful to decide the suitable configuration of heat
exchanger and the refrigerant adsorbent pair for
optimum performance. The proposed system is
geometrically feasible from design calculations
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Abstract

Geometric feature of air diffusers is one of the key
parameters in uniform distribution of ventilation air in
enclosed spaces. In this research, the airflow through
vortex diffusers is investigated using computational
fluid dynamics (CFD) and its geometric features are
optimized through parametric study. The main design
parameters are the angle of slots and the angle of swirl
blades. The results show considerable improvement in
diffuser efficiency when these angles are 55° and 32°
respectively. This research and its results may be useful
in getting better understanding about the airflow
characteristics of this type of diffuser and in designing
more efficient models.

Keywords: Swirl diffuser, CFD, Parametric Study,
Optimization

Introduction

For turbulent type clean rooms, terminal devices with
high diffusion performance are favorable to decrease the
required airflow rate. Although swirl diffuser is
generally assumed with high diffusion performance, its
geometry has a great influence on its effectiveness [1].
Since 90s, computational fluid dynamics (CFD), as a
powerful engineering tool, has been widely used to
study various engineering problems and also to optimize
the design parameters. In one of the most recent works,
Hu [2] study the effect of specific twin vane on a
performance of diffusers and on indoor air turbulence
intensity. In this paper, a common form of swirl
diffusers, shown in Fig. 1, has been investigated
numerically through CFD. Also, the main geometric
features of the diffuser have been optimized, based on
the concept of scavenging performance. The results may
be useful in design of more efficient diffusers.

Numerical Modeling

To evaluate the performance of swirl diffusers, a 300
mm x 300 mm standard diffuser has been investigated
in a3 X 3 X 3 m cleanroom, as shown in Fig.2. The air
flow governing equations have been solved on a hybrid
collocated grid using Fluent 6.3 [3] as a solver. The
pressure - velocity coupling has been established using
SIMPLE algorithm and standard k-¢ model has been
implemented to resolve turbulence closure problem [4].
Using transient Eulerian-Eulerian [3] simulation of
scavenging process, the performance of swirl diffuser
has been investigated quantitatively.
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A3

Fig.2: A schematic of a modeled cleanroom

3 Results

The effects of two main geometric features, including
slot angle and blade angle have been investigated using
parametric study. The results show that the turning
blades are the main responsible for creation of swirling
flow and for increment of mixing effect, as depicted in
Fig.3 and 4. In addition the indoor air velocity is under
0.25 m/s in almost all part of the room which is
favorable for thermal comfort [S]. However, as shown
in Fig.4, there is an optimum value for the angle of
blades leads to maximum diffusion performance. The
optimum angle has been found as 32°, based on the
modeling results. In addition, the optimum value for slot
angle is found as 55°, however, its effect is not as
important as, the blade angle.
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Fig.3: Airflow velocity distribution in the room

Fig.4: Stream traces in the modeled cleanroom
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4 Conclusions

The results show that the turning blades are the most
important geometric feature of the diffuser and their
angle may be considered as the most critical design
parameter. Based on the results, optimum blade angle is
about 32° which leads to the highest scavenging
effectiveness. In addition, the angle of slots also has an
optimum value of 55°; however its effect is not as
important as the angle of blades.

References

1- Wang, S.K., “Handbook of Air Conditioning and
Refrigeration”, 2nd ed., McGraw-Hill, 2000.

2- Hu, S.C., “Airflow characteristics in the outlet region
of a vortex room air diffuser”, 2003, Building and
Environment, Vol. 38, pp.553-61.

3- Fluent Inc., “Fluent 6.3 user's guide”, Fluent Inc.,
2006.

4- Versteeg, H.K., Malalasekera, W., “An introduction
to computational fluid dynamics”, Prentice Hall, 2007.
5- ASHRAE, “ASHRAE Fundamentals - chapter 33:
Space air diffusion”, ASHRAE, 2005.

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i sginlo S allipns 1 IS (o> Yo 42 gozmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)
ICHVAC2-1090

& bowloeo OVl Soolad SoS 4y (o ol 408 e (150

T G s domo (| iy S| Jadllgl Sool3 e plyay gl K pg

sajadi@mech.sharif.edu s, 1o saio olKisls (SilSo  swiige 0uSails (5585 (gl !

hanafizadeh@mech.sharif.edu «s, ;& o oKiils (SilSe cwaigo 0aSLiils (g 555 (g9l '

abirani@mech.sharif.edu sci & siaio olKiils «SilSe _swigo 03523l )| Lolids s

saman@sharif.edu «a & cixio oBuils (Sl cwiige 0aSiisls wliwl T

g 5 4,55 &0 (095 4 Las 4945 03,5 dnnlne (sadg oanY]
2l ol ol Gl il amlys ol 8 08 4 e S0l
Fhe dasts <ol Oloie 4 (o0 il (Sie a9 St (Sib
Oygmo ) 59 00,5 o oolaiwl cnlin oz )05 sl Cg

Slawl o)le e g0 41905 gz 5l 0590 (28l ez )35
Q. =KQ ™
el 5e Bised cayo Koy (1) abal) 5l onds s oz ,45 Q 45
Vo B G g oo Lamme 3 ased lae ms 09 5l (ol s e e

adgl wledb!

oz 35 3L 0550 Dledbl el aseie (V) akaly 5l a5 jsbcyles
5l el O le 505 (Slon

odds dgd (55,095 olaxs )

lag,09% (75,5 Sl oz )35 Y

> sy o ooVl clale Y

&8 Lams o ooV jlxe cdale F

Fye dgld e O

5 00d (gySoilal slige Ml Voo Slae glop el L ¥ LY oledlbl
e clale 0,8 et (gl el 0o 4D Y B Y Jos jo o] polie
5 (OSHA) 501 J5 al 5 cedligs olojle (slos il 51 LaoasyYT
polie g ooy solittl (ACGIH) IS ol caio Cublige (pmaasto oz
Lol 00 &l ¥ Jgaz ;0 EUROII vge (slooass¥T (5l 5o

T oV skise slaglls )0 9055 adg (:Silee ) Jgor

a/¥ 5 &lgil

9 &'y v )L%A
Y Ko
\Y/¥ 5 glgil

9 &'y ¥ slise
\tt4d Qo

gy093 (295 3 ez )35 g Cuepu ¥ Jyur

o> 38 i )55 59 )
(m3/min) (m/s) RPM) 2
Ve N\ A o
<JF) \Z& Yoo »er
-/29 N fo- -
Qo
S IEY VA Yoo

www.me-en.com

Yy

oduS>

ey adlie (] e o b ol clamde sl ceio oSUl A
s (b diges (lgie 4 g 00l &l gt 4365 (ol (b S (g0
ko 3l izmed Sl 48 S 13 () 2 3590 9,095 Sige slaplle 4905
Olodz et 9 L 2192 b2 () Sz Slamilne VL Seelis
P S crge @l Cal 0ad 435 0500 (295 5 (39,9 Sl A
e Pk 50 Glesies 4 Wlgi s 5 00l (Faro S e (b ool
gled S8 glalaws iz 3 Ll LB 5 505 e

Shoaloee SVl Salins Glige s (Fmio 4195 1 goalS Wlols

doddo

&ogs b dnlie jo (gaio dsps Sl BW5le 5 Gl oMSis
Ol gaie &ge5 50 el Joduzy e (s)lw 5 (S goudas
O B @l JUl g lga by sla Sz 9550 50 SIS Ll
5 5 slooauYT (liee et 3,Skoe sla il 1,35 5 LG Lal
Omaasio ezl [V] Gl (G550 9 oY g Ll 0500 slad )5
(0 ol i sio] 3 oDl &0l g (ACGIH) G o cinio cuilagg
5 aboml desjulbisl  pews lp el oUsie (OSHA)
5 LV] anle Jleds 4 o slalad 4505 b Lo e glo el gims
) e (slgp pom wimans Voo Jlo yo [V Sugdain 51 slaJle
5 S g O9ei (Ahb Wl 0o )3 ilugeer Cole Ko sl
Vs Salns SaS 4y g o o g, 5l eolizal b [F] ol Sen
Al e SOl 4585 phans (HLb Gln gt (SB9) (Sl
Olye & 5095 3lige Sleillo 490 piua Ak dlis ()l )3 d0g00
Skl g, a4 bl sad al) s slagile 3l laiges
loazn )3 Sledezr (s Sz g9 Jelod g, 5l g o plxl (028
4> Ogde (B Olye @ wlgiee ol gk el oad a8 S o
9,8 13 Hlelb colaiwl 090 gaio Sl 43505 i )b

&>k b9y
Sl sl S lee Ll el s boa¥T il &l i s oS alolae
C. -
Q=—=V W
p

Ly oo 5l 0T (Glga ol ot 41 5 jued Slg (5 lade Sl , 4 g 009
= Gl S st pleew Pk azilir alple 0sd e )5

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

ST 5 6999 Slaaz ;o Gilisee laill # Jgax

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1090

log,055 (=9, slojl5 50 ooy VT clilé lawgie ¥ Jgo

Z97 e S99 > T 9> Sl S e HC Co2 CO oun¥l
us i Y Y Y.. V0« o oo B (Ppm) cbale
o S Cads Y Y
s i v Y EUROI e csloon¥T jloe cilé :F Jyas
o) il Y ¥ HC Cco2 co sl
&S W Y \ Y. Oeee o (ppm) clale
lao,lis oo Y ¥
= — i b o )25 4 g 0395 pa el Fge std i pd 330 ek Wiz 2
2eS — ! 2 7o razys Jme & sl az e 5o o Hlaie Ll o jls (S 2l
DS 5 ! ! ! 2 VI il (255 slaaz s Jome 45 (5375 4 9yl (S 9o
e — ! i Sg5 Jone Sl &y g il sl 3 looan V1 g5 Jone Sos5
1 sl 0Ty s s 1o 5 03905 Coli 5o sl 45 WrostyY
et

8 1 S Yize s dygt8 i s (b Ly i ol 3
yobaie au el o lgn (sl a e olasi g ol 0010 drwgs (g3lwg 09>
gy 5l ool b o jlailiwl mhaw 4 o aile 5 oan¥T e tals
58l 5 A JUIS 8 oy jslite o a0 8 drnlonn (25 - oLl
SVl Sabus Sl s (o295 5 5955 Sleam ) ane ledz
b o) phie Sl 659 ploser (nl b a5 00 Slwlxe
=S b ooV g oals (6,8 gl lilazel ol 516 ayled oo ol
S L 1 adgs e & S sl 50055 5 e 3 L2
5 solaidl GlLSS Laaon jo leanz Gl ol 1o 0is )5 )
31699, azu o gz bl a5 al eols s colys jo g ouls bl
s slonl sl Hllw (slao LS )3 (29,5 4350 90 olpom 4 i
leidgazme g cxlw slaasjo (o ahais 5l laoe 10 coslia 0l >
P S50 4 e @l Sl L2l LB g 009 40 4 (95he 58 22
slapdle ol sk 5 (rie ol slp st e (HLb ool
Agtd e >k )3 plssige 4 Wlgioe 9 035 5,095 5lise

ailes SoS ladaime iz o Lol BB 5 aige

S g o

9995 Olnl S8 50 el il ojen 5l (i (lye 4 ol oS
ge saglls prizme Jown Slolerivg 9 5 S0 5l (rilge b ploxil
2yl 1y S JWS oy lomy uiige BT oy 4 eS8 ¥ 5 Y

&l

1- Goodfellow, H., Tahti, E., “Industrial Ventilation
Design Guidebook”, Academic Press, 2001.

3- ACGIH, “Industrial Ventilation: A Manual of
Recommended Practice”, ACGIH, 1986.

3- Sandelewski, A., “Innovative HVAC Solutions for an
Automotive Plant in Southern Italy”, 2000.

4- Saidi, M.H., Saidi, M.S., Sajadi, B., Hanafizadeh, P.,
Irani R., A., “Ventilation System Design for
Automobile Assembly Shops”, ISME2009, 2009.

www.me-en.com

38153 Yl Erd 305 e e o8 Sl clin etz il 2
Sl aalol jo a8 wads a8 F Jlai o ledus 4 azgl boal 0 0
Dy go a8 S s 10 P ply Fge diged cupo jlake 0,5 o0

Qs Slgp (o> )3T lie w0l e Sl dcgere 4 azgi L
Jole a8 LxT 5l sl oo oM 0 Jgaz ,0 F o Y 5lige slagle lp
@l el Glen slagpog> Slige Gl 53 8 o eanVT oty Lol
e (s Ly Gl 39 50 sl Jol>

¥ oV 5kise ol lp aaes slo > PRCAPRES

“s Gl ez I | g eI S N
3 3 J 9"uJ
(m’/hr) (m’/hr)
A AR Vay Y ooleds
VEY e 140 f o lad
oo (6 kwdoe

SVl Sealad O (255 5 (53509 Sladzm ) ane Oledez @ (e Sl
slacdls o Gl adaie 1o by 6o¥l 5w 0old drug gun ¥ Slaslxe
900 Ly 35 yele aSd Sgazme 2 (g 4l 2 (398 905 oS (o)l iz
CY¥oles jo Jlid g g oo SodsS (6,8 S SIMPLEC o3,651 5
kg Jao 3l oolitul b ui¥ays8 (giladae sl 485 00 il diuS
oolail b .ol oolazl o skl lgso é:b 3 less S5 40 g odds ﬁbo‘ RyIRtow
$99,9 e sloclednz b Jlu alatie pdav 0 43905 slga b, (358 S )
Psa 285 3 b)) o Ol sl 5 el e (295
e oo s goue (giludas I ol b

l*'f‘ bo)liS™ )0 9 &5 50 (o sleaz,s Glp Obz N
O I R T F-Y C WS I WP 1 1 RGO R W Y
@ Ol Glao,is calply wel 4z BB anie Bro 5 Gl oS
g0 428, i o laoai ¥l s,5 e (g

2l (Krasl a5 )lad e e w55 e 5995 40 sz T
&S o0 ol Il alaie

80 5 (699,5 40,0 Lz eolaidl Clasde 5 onls SO OIS axg5 b

Dadge aid)S Hlas 10 oled pledz Gl 4 e LS o (g5 a0

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool




£ b0 22385 3 Ghalo i sginlo S allipns 1 IS (o> SYio a2 gozmo

ool Jib oyl 515 eyl 2] AFAR 315 ,5 1Y = 1)
ICHVAC2-1091

o slad o by ol p Gl Sy iU oy

réw RINEARVE 3} ‘T‘gél:gb» S ‘\Go‘)i.wl »=

jabereslami@mech.sharif.edu o ;& o oKl (Sl cwiige 0aSisly s )| ol IS dygmla‘
sajadi@mech.sharif.edu i & i olSiils (SilSe cwiigs 0052 «(5 555 (Sommiils’
saman@sharif.edu sy ;5 aio ol8ails (Seile cwiige caSisls woliwl’

St Ster |y ebiee G [A] OSen 5 5 Yo A Lo o 5 00,8
45 00,5 AT eizmen Ll oo L0 (Sl len (plES (2)b
Sz Jo 4 blad 48 ool (b sl (seges )lxe 4 (Slis
AT o8 ol S5l 0l 2 (1310 lse a2 B 3L
S35 2 $99)9 $lpe Az slagiuem JI (2b5)) ¢l CFD sla g,
I Glee ciS o) s Sy Silm Sl s B sl @
el @l goae 5 (oyms Slalllas [V o] (15, 5 ol 20,5 salizul
Iy 092 Clallas iy Ledl casols plouil digad 3B G (ly 4905 003L
9 e B35 S pele SS9 S Jore ey (g alsl s,
oAy il il 361G (sl CFD (slosg, 1 eoliaal b [VV] oyt lS

238,8 guy |y e glacuz po0 ) ST 0 (Sl
lso CodsS ol oS o 23U e slalad Jlod 3 poe 35090 51 (S
odd aizloy ol 4 yieS LB Slides o oS cwl glalad e o
56y (B (sLad jo Ll &8 > BB (pwyp 4 G5 (nl )3 ]

5 Sl OVl Salis slaly, 5l eolainl b oby> 558 5 ol

RN
T 5 e ¥ G sl 88 e G |y syt 3550 (S5 Jae | IS
DS e a8 T 0 adl e OB /Y Sy b asd g 00y e
g 4lo 1,3 i (oYL Caand 50 A gl i (599)9 423

sl By 53 50 ol (sla oz >

2y
AT A Al
N
e bor]
(R
ol
s

L
5

tLERr

bl

¥ KA Vil
e sy

o
¥a

3
AT B
S
S

1
SRR
VANV
AT
AAFA

/5
[
i i,
Favav

RFAVAYAY
.'l%‘ Ty
]
B
514,

RYAYS

RPAVAVATANATAS

5y

SAYATS
TAY:

AVAY
RFAR)
T
S
T ATAYATA
e
R
77

FLTAVATYATAY)
v
b

KVAYAY
AT AVATAVAVAVAYAY
FAY
o

yav;
<]
Lk
o

O POROORSS
AR DA
RO

O SR
OO AR

NS
o

Lo
arsY
i

F¥AN
11‘1’1“
%"b

G
15.;

A
o

o 330 ed 3Ll wiges )

www.me-en.com

Yo

ouSs
Glisn gulis 55 a5 Salib olg3 sla )5 & 25 b ool s 0
Wyl 5 B85 @ G938l 59y S G neelS mlio Cépin @ ez L
&35 5 SaSTy et o alewy 4 b sl ool ol ey ol 5o
ol G a8 > Sl Gabos pl jo L 05 i Gl 1y seed U1 e 23
SOl 00 g Sl 8,5 18 sy 0550 (G008 Bj50 &y digad GBI S, 50
ol awlio ol oo ooliiwl k-8 RNG  Suas] Jow 9 CFD g,

colie STl oazes lis ogzge olej] laosls b 358 Jow 5 Jeol>

on S ol Sl aslel o g 009 olagl 2 iz ldaa 0 o
o L el oad osliial ol @5 2k sl iie b
&= lal a5 ail o Ll Joo i 2 3bln sl onims lis
Cp Shlpios Lol 1o 08 e oloyl oyludl jg0 00 o0glT wil)d
el s &l G 45 38 oS > Sl zals

CS o g (gildue ((Sool i A Gl (gl rgunds lols
k-& RNG 221 Jow eyl

dodilo
e ad s ag ey Glagll jo e ol e @indS sl L b
SB azgi 0 50 00,08 jab 4y S o Lyl ol 31 Ceodls e g u.,.ab
e glalad caS o olias S S Glee coiS el 4 F
wls 5l 6 ks sl oo )5 slas sl )0 e slagll 0,385
5 o JUi 5 518 glaa Lo st i 185 00,8 Ll sl
e S e b lwasge LS 5o cage Sledbl da oanT
DLl lo Ghiged pluns dige 7k 09 aiplgs 0 lusige ales
iz ooy iulejl g goae aalllae 3 sla Sl ,o anled
Ol L ceul a3 )5 3 8ie dx g8 850 03 508 jsb 4y olalad
Sladllas cpl jo goae sl g, 3l eolatuwl (slaill, slo,lblccun a8
J_.ls Sledbl YL = g 6).".&4:;'9‘_2.«6‘ ‘J_o.c Q)dJ J.:Ja 4
5l Looau¥T adss gooe adlhae b [# @] o 5en 5 SJ [F] aten
Olg oo a5 wols lis ayge5 ST poaie 5l eolitul 5 gom 9o lase
P ErFaiz Sgskp 4o (o9 9 (599)9 Saaz ;S 38 bl b
U soae il I V] Sz 5 Sila .l s a5g5 w2115

osliinl joos 3BT ases 2L 5 (29,5 sloazm ) g9 Sl en jslaie

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

2 EBleESs 58 ok 4 el slalad o 1) clale ajes Ll oS > Y
D5 oo oddlive Ll OS> sngaze jo (g i Calé a5 g o)jlsa

&=l

I- Chung, K.C., “Three-dimensional analysis of airflow
and contaminant particle transport in a partitioned
enclosure”, 1999, Building and Environment,
Vol.34, pp.7-17.

2- Chow, T.T., Yang, X.Y. “Performance of
ventilation system in a non-standard operating
room”, 2003, Building and Environment, Vol.38,
pp.1401-11.

3- Rui, Z., Guangbei, T., Jihong, L., “Study of
biological contaminant control strategies under
different ventilation models in hospital operating
room”, 2008, Building and Environment, Vol.43,
pp-793-803.

4- Sajadi, B., “Numerical and experimental
investigation of obstacle effects on the particle
dispersion and deposition in  conventional
cleanrooms”, Ph.D. thesis proposal, 2008.

5- Lage, J.L., Bejan, A. and Anderson, R., “Efficiency
of transient contaminant removal from a slot
ventilated enclosure”, 1991, International Journal of
Heat Mass Transfer, Vol.34, pp.2603-2615.

6- Lage, J.L., Bejan, A. and Anderson, R., “Removal of
contaminant generated by a discrete source in a slot
ventilated enclosure”, 1992, International Journal of
Heat Mass Transfer, Vol.35, pp.1169-1180.

7- Hung, K.S. and Cheng, C.H., 2002, “Experimental
and numerical study of three-dimensional flow field
in a TFT-LCD fluoride coating machine",
Proceeding of 8th International Conference Air
Distribution in Rooms, Denmark.

8- Mendez, C. et al., “Optimization of a hospital room
by means of CFD for more efficient ventilation”,
2008, Energy and Buildings, Vol.40, pp.849-54.

9- Gan G., “Evaluation of room air distribution systems
using computational fluid dynamics”, 1995, Energy
and Buildings, Vol.23, pp.83-93.

10-Chung, I.P., Rankin D., “Using numerical simulation
to predict ventilation efficiency in a model room”,
1998, Energy and Buildings, Vol.28, pp.43-50.

11-Lee, H., Awbi, H.B., “Effect of internal partitioning
on indoor air quality of rooms with mixing
ventilation-basic study”, 2004, “Building and
Environment”, Vol.39, pp.127-41.

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1091

Solias 4y hg 3l eolisiwl g (g3ae Juo

g Sonload Jae (gile and 5o (Salind aSh by @ plusl 25 >
# S Jo bl e8> ln | e Ll ph St Sl oo e Gl
25 b Sloy il ya )3 bajye (e 5 03,5 &S > AL 355 g,
Jolo 358 by, 9or Lrasly (S yie S g )50 (LB B 4
P9y Ol 0955 obml o)lgs 5 an ALl (59,5 hawi b &S Ceul (b
STz wald 1 o ol ols &8 > (gl mmslie

el Sile oz w5l S¥olee el oSl 8 a5 ik

%(p¢)+V.(pU¢—FV¢)=S M)

uj&uﬁ;S«wﬁ)‘éﬁU‘M|5ﬂbusé&?LQT)QAS
SIS e Gl (Seslus &b Joe jo Sl Fge Sy cu s
39 0 0010 gl 33 D00 a4 Sl DYoles (S oo slojye

%ngﬁdv + Ip¢(U ~U,)dA = jrw.dA +s M

o) e as

(V)" ~ (pgV)" o
At

[ ppav -

Sloj ool s ML g1 5 J 1S oz 550 AV oo s Uy a5
sl Fluent 6.3 1580 o5 3800 5 51 eolatl b 3¢5 <Volra o ondl
sl 00y plowil 5,8 oS > it glace ju

Obasl S0 2852 355 S Sz (Seslud 4l gl dlie al o
ooliwl )Lzd sla 5l 5 b slosSIl oanli (gl s slalisd o
3 rete e slaldd jo plusl S S8 > (59, oy seb 4 dllie (nl b
Clakin g sl Sylite e o oadly cdl 45 Sy Conl ol
SheS (595 2 ST Gl a5 )08 oo 3 e slaldd )3 (b e
Cosl jle 4N 5l 4y B ol @bl ol gy BB JSo (slse
5

SS9 JI lgn pl > @i 50 e slalad yo pludl S 1
o i e 6 515 (sl

Sl oo Jlad g S ol a7 B Sler (b ms ggee o Y
Byls 13 sl o8 e 50 Cod mgdg 4

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)
ICHVAC2-1104

S0 41 505w 43 om0 S Jigi 18 (si9w T 3 (LB 890 J S (goue (g5lw dns

rbl-:’. oo ‘T‘SM o9 8 ))% P S OUES 1P O

alipor@iust.ac.ir ) ul Cais 5 ole olKails ‘)L,ula‘

feraydoon.mohammadi@gmail.com . o>, dgd o Con 5 olKisls )| ks 57

Zhian62@yah00.com « s>, dugeds s Con 5 oKl wad | ol 157

6188 wladlo (ygil8

5 e (69l (g3, by d 00l olml Gl > IS o (S
Camd) 95,8 dm e e (Seelns alid ulul pcnl Jow (ulido
Sale (oo Sl oS ulide 5 Joe 53 (60l 908 & (ol 5950
s walys bl ol

Vit _ V& M

Fr 9Ly 9Lp
ey GWIS Sl g
g% Bymeciia FyMy Job g ceymaasin ciga Ly V
[Y]asn Jols” ol

:[V] Le)f ‘_;)'L.: olﬂ C)’ 9 ey Lg‘,g LSM)L..M <_ng s‘k]agb
Lv ~
Om = Or (K)

Ly D)
Vi = Viy /22
M VL
1Sz whiie (ol dige Sy

s e plas 1) elBisles] Jow Ol (Siles ol ¥ooles IS5
L] el glas)) e /YO 5 (o5 o 10 (Job s Vo (glyls Jigh Jow

/
— laser sheet \
inlet grid /// \
C fan
hot wire
probe ] 0"

| prm——
air flowmeter

plenum
‘l—
A 1

/A

395 s S sl oolSibei] Jae ¥ s

~

3bmoll &5 5l remmy @5 50 Bl (6ygled Ll b Gialojl e
J30 s olal ;o gl ool a8 F plbl (N JIV e KW) LS
Sy (2728 d0ss oo ol 2 0z £ 9 xslids ileoli] IS
S 559w T sl [8] O. Me'gret, O. Vauquelin g o
V Jgdz 0 cilisee (ki e ot glo (Sg il sl s 4
Iy S5m0 i1 Ol 51 5l slo Jow 51 ooliswl sl a5 [F]ail sl

Flsles S (ol A

www.me-en.com

Yy

ol

i3l 8 05 (ol S 09,5 S5 Gl GBS s s
Yl Seolins gy S 4 allie (pl jo el 5550 B 50 o
i sl 3 (539 151 5 99 (B yuS (SisSz (CFD) (ilewlns
1588 i 4 st 55 AL alhe L i ot S Je
s g LS oilwolsT &5 ola el )b 31 g sl 0ol (g5l 4t SilSo
Sl 53 5 00d (o (Sl dastd S 595 2 e T e
iloads aslie dezg0 ciubejl mlis b (g3le s gl

Loy 53w o3 g rusone 3l s w098 Lal ( Jigs 1guals’ wilods

doddlo

b 5 o8l 5 09l gt Wb Ul dol> G cde 4y oSy eyl
s S ) g sl JUIS ke 5l a8 S5, i 5 b
GlailE g 090 gyl sl byl & 0 0065 oo )kl byl 1) el
Gl Sy 5 (SBgtr wze il g so o & Gl 5 S50
i go SRl 1) o dlase 058 8 Blae DI)3 5 wigd o

b ol CewdVb o &y @l ) 36 pas slo35 5 090 &S Sdliee
Sl b g Sy (%S kS backlayering |, w S
SVl oo 4 3l 51 0L cos GBI g 090 <S> 5l 05 (559l
O S5 D snsS oo 4505 <o | backlayering |Sis g o>

U>Uc
No back flow &

U=Uc
Critical
condition

U<Uc
Back flow

090 Jobo Sy gl olyr slagSlY S

5 sle g popns Jdo 4 iy Jle B0 o905l (o0l cudiie
Gllsl s ole Lylyd 4505 pinns anlllas gz bla ST 50 o)
oo, £9,5 1, ladasms 43gS ol

(Sl s Sy drnlos ol

e Ghalasl sl s, 5l Ol (oo Sl asts s e sl
DY Saliys) gooe sl gy oSz pulade Gl (JalS
55 ooliiul S92 90 (025 a5 (Slwlne

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 o s oS (Mol il S5 (o g0 WYL s gocno
Seall 5B (o 48 5l ) VAR 31,5 V¥ - 1)
ICHVAC2-1104

Sliglej] j0 oo eolaiwl 5,5l loasin 4 by ye slo (Shg:) Jgox

Source Source diameter Source flow rate Source density Heat release rate Dimensionless

number D (mm) Q (Vmn) 7 (kgim"} P (W) heat release rate
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Abstract

Solar energy is one of the most well known green
sources of energy. This research presents a feasibility
study of a small scale air conditioning unit consists of
an aqua-ammonia ejector absorption system equipped
by evacuated solar thermal collectors. The dynamic
simulation has been performed. The solar fraction is
10% to 36% for collector area of 10m’ to 50m’. The
economic analysis has also been conducted. Electrical
cost less than 0.45 USD/kW.hr is not economical and
leads to negative saving.

Keywords: Solar energy, Evacuated tube, Absorption,
Air-conditioning, Economic analysis

Introduction

Energy supply to refrigeration and air-conditioning
systems constitutes a significant role in the world.

The idea is not new; a solar-driven refrigerator was first
recorded in Paris in 1872 by Albel Piftre [1]. Solar powered
refrigeration systems have been installed worldwide in
many countries. Most are thermally driven absorption
systems, designed for air-conditioning purposes.

F. Assilzadeh et al [2] simulated a LiBr Solar absorption
cooling system with evacuated tube solar collector.
They designed and evaluated the system for Malaysian
climate and similar topical regions.

Adnan Sozen et al [3] focused their study on feasibility
of ejector-absorption cooling systems (EACSs) in
Turkey by meteorological data. They also determined
whether or not the required heat for the generator of an
EACS can be obtained from solar energy in Turkey or
not. The most important reason for the usage of EACSs
in Turkey is the production and usage of the CFCs and
HCFCs will be phased out a few years according to the
Montreal Protocol, signed in 1987.

Kanjanapon Chunnanond et al [4] provided a literature
review on ejectors and their applications in
refrigeration. They described basic background and
development of an ejector and its application in
refrigeration purposes.

This research is comprised of simulation techniques
for dynamic analysis of Solar Air-conditioning
systems. Solar driven ejector absorption refrigeration
system has been modelled and monthly simulations
have been performed for space cooling and space
heating base on available climate data for Iran
(TRNSYS weather data). Here the results of
economical analysis present the profit margin of the
solar Air conditioning systems.
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Mathematical Model

Different types of solar thermal collectors could be used
for this purpose such as flat plate collector, evacuated
tube collector, CPC, etc. In very hot environment, the
system requires relatively high generator temperature,
thus a flat plate solar collector is not economically
competitive because the high amount of auxiliary heat
needed to boost up the generator temperature [5].

There are many refrigeration systems that could be run
by solar thermal energy. This research concentrates on
Aqua-Ammonia absorption system because of its both
Air-conditioning and refrigeration application.

Aqua ammonia is a binary liquid mixture. The properties of
this mixture could be extracted from diagrams. Here we use
the derivative equations during the simulation [6].

The ejector mainly consists of a nozzle, a mixing
chamber and a diffuser. The ejector is characterized by
the fact that there are no moving parts and no
requirement for additional energy source.

secondary flow
primary flow

)

Entrainment Ratio(w) =

Mixing Chambei ‘Throat | Subsonic Diffuscr

Elfective At

Primay Fluid
—_—

Primary
N«?alc

Secondary Fluid

/\ ] Soriic Velocity

Velosity

P i §ii i oy oW vii

Distance along Ejector

Figure 1. Schematic view and the variation in stream pressure
and velocity as a function of location along a steam ejector [4]

Dynamic Simulation

Dynamic simulation is a key method for evaluating the
system performance and optimum sizing of the
components. In this study simulation has been
developed in TRNSYS 16 environment.

Results of Simulation

We used available weather data for few cities in IRAN
at different latitude during simulations.
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According to ambient temperature, we defined the cold
season and hot season. As an example, hot season starts
by the middle of April and it finishes by almost the
middle of September for Tehran, that we harvest solar
energy for cooling application. The rest of the year is
the time we do space heating as illustrated in figure 2.

18000

Hot season

16000
cold

14000 season

cold
season

12000

10000

8000

6000

Solar gain (MJ)

4000

10 m”
2000

. 1 1mh2]
1 2 3 4 5 6 7 8 9 10 11 12
Month of the year

Figure 2. Solar heat gain in Tehran for Im? to 50m® collector
area

Economic Analysis

The economic problem in solar process design is to find
the lowest cost system [7]. Economic analysis has been
developed to find the most economic system design too
meet the demand. Solar saving is the difference between
the cost of a conventional system and a solar system.

Cost of Cost of (2)
Solar Saving =| conventional |—| Solar

Energy Energy

In this equation it is not necessary to evaluate the costs
that are common to both the solar and the nonsolar
system [7].

4000

3000 0.55 USD/kw.hr
2000

1000

0.45USD/kW hr

0

-1000

-2000

-3000

Annual Solar asving (USD)

-4000

-5000

Collector Area m"2

Figure 3. Solar saving by economic analysis for different fuel
cost

Figure 3 illustrates the solar saving of an aqua-ammonia
solar absorption system with average cooling capacity
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of 3.5Kw. It’s clears that for the cost of electricity less
than 0.45 USD/kW.hr leads to negative solar saving for
all collector areas. We would be able to forecast the
benefit of investigating the solar collector, if we
consider the cost of energy in future.

Conclusion

Proper harvesting of solar energy will provide
invaluable thermal source of energy that could be
investigated in different applications such as Air-
conditioning (space cooling), space heating, drying and
etc.

This source can run the system but not continuously.
That why we need auxiliary source to assure the system
will functions properly. This study presents the solar
fraction for a small scale aqua-ammonia ejector Air
conditioner from 10% to 35% when the solar collector
area is 5~50m’.

In first glance we may find solar energy as a non
economic one; but the fact is at the moment the fuel cost
is affordable, because of almost low cost non-renewable
but invaluable Oil sources. We have to replace the
conventional energy resources by renewable ones, for
the time that there will be no oil any more. By economic
analysis we would be able to find the most economic
system design and sizes. Electrical cost less than 0.45
USD/kW.hr is not economical and leads to negative
saving
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1- Badescu V., 2002, “Model of a solar- assisted heat-
pump system for space heating integration a thermal
energy storage unit, Energy and Building”, Vol. 34,
pp. 715-726.

2- Badescu V., 2006, “optimum fin geometry in flat
plate solar collector systems, Energy Conversion and
Management”, Vol. 47, pp. 2397-2413.

3- Van Wylen, Gordon Jhon, “Fundamentals of classical
thermodynamics”, 2002.

4- Kreith, F. and Kreider, J., “Solar Energy Handbook,
McGraw Hill’, 1981.
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1- Graf, A. " Neue Passivhiuser, 24 Beispiele fiir den
Energiestandard der Zukunft Deutschland - Osterreich —
Schweiz*, Callwey. 2003.
Y- Nasrollahi, F. "Climate and Energy Responsive
Housing in Continental Climates", Universitétsverlag
der TU Berlin, ISBN: 978-3-7983-2144-1. 2009.
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Win, outlet it temp. of EHX: -1.8°C
Efficiency factor heating: 0.31
Efficienca factor cooloing 0.27
Period of use: 6527 hia

EH) air temperatures (nlet/ outlet)

Costs
Payhack time: > 1002

0 800 1600 2400 3200 4000 4800 4600 G400 7200 000 Annwity:
Hour of year Internal interest rate

Energy costs:
+ EH¥ outlet temperature

- Outdoor temperature Time of operation: 30 &

YT Jsb ps )l Jows 51 (2555 5 59959 slo sles ¥ S

Joe (ml bwgs 00l 92 450 6551 Glie (JSO Gl bl 2
= el Olggl S FO/F Ll Ho g YUY linn jo g )
el 00 olizial T sl Jowe ol 45 Sleisla 5Ly ) o il
Olsins 5 yitie ape o 2 sl 4 Jase (ol 6551 (297 80 (e
Woigmye Je Ve Gl b (SoSus aitl oo platle Syl Jle
Slgg LS VIVO 5 (iale)S (65,51 Jlow )3 gy o p Sl lgolss
2Bl oo ol 551 Jlo )0 gope e el

2 S5 sle ol Ceod iz a5 G (e LS Gaizmes SO )
o golamdl ey (il Jae ol eslaul Yoo f Lo o ol
So s yae | b (e i S5l 0y90 48T il
2 5 Eerd lagio (ol iz e 0l (oo olnl o pletle
728 3l 5e8) JLw YAV (oo (i S5 0)90 500 sloy9aS
ol Joe S e le sl IS le s 9 £ 5 (i Siie
el (SOl 3gm £ 5 51 i) TV IV (S

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool 5 oyl 5 o3l pl ATAQ 315 ,5 1F = 1)
ICHVAC2-1093

Glrio SaS &4 Glaid b S 03U (slgp (i lo 5 g dmun SN (o jod 0l gi (o poianan S 8 Shos (o 2
(PV) o yo>

Toolseillb gy o (6 30le ol pteo ool 3bokas b o ! guungels cynol

amin.shahsavar@yahoo.com «,ls,S ol augd olKails )| ol 15"

msalmanz@clarkson.edu ¢ Lo, ol agd oKiils ‘)liat;,ulv

ameri_mm@mail.uk.ac.ir ¢l S 2ol aspd ol8zils ¢ Lezils”

p.talebizadeh@gmail.com ¢l S jal aupd olEails )| ol 5 sommasls’

S 8kes p el (ale S s 5l 950 0 (Slep (5SS 36 e
@ Sl A5 3 gy 9390 ipmn SU el 3 PV) (g0 p95 lonio
Glop j5ue s 0 PV) (gosis o Dlxis 5y Sl ool o5 ol i
il 3l 3)5e S35 ne B0 003 YO 0905 b (o) 2 3590 lencs (5036
loo iola S Joe ol s () 508 B 10 Cpaimad Wled (5 Ko o) (lgn
355 o il (25 (S g Gl g gy Slorko (5 S el

G958 Ol ()l giledue
ghie o o)l Jl calpo alS 5 (o) n 350 plaeg iliSe sli2]
Gl 00 00l UL...; ) JSM LR RS d.SU o)

Bogs
By 2
T, ~
Tnet i e f Ovtlet ai
\_/c_. By -t
o l |
Uy

Q)|)> JLA...!' %l)..é:\ JS...;

@ W o a s dx Job o (ewihis SWIUSS ol 4 4z L
ly ooliinl 950 Slud B w00 S 0 (63959 sk ) X alols
Sy g il o)l JEsl Gl asle 6551 i SVolae (2hg
Ol «JUB 5l 55505 Slon 52 2l e ooy slo ) 5l o5 Sl 0
L JUs s sl oo plml> ol JUS) copo (285 5 50
lod (i85 I 10 BeSe Culed o 5 il a5 Slggnd axio
@ 051 38 Dlesp 85 ko b gile gl 5 SSlggd amio
S5 4 e milp e phem Al szl Gl 6550 Gl Lals, )
Slis s g a4 b g f Py Gl Gwail sals &l Ly, o as cwl
JUE 5 Gale amio 5 JUU 51 5)0me Jlow «SSlg928 axio oains
Vb 99 O erteid Sl JE ape Byl slite aiies
ools ol B b olml> o)l Jsl (oo a5 Jb o el Yy
sl 0o o0ls lis I, b 55 (699,59 il Do el eas
Sililgyib amio
T py (=) wdx=(hyy + by g )Ty = T,) M
wdx+h, (T, —Tr)wdx+h,. p, (T, —Tp)wdx
(JUB 5 s )me slga
iy CpdTy =ho(Tp — Ty ) wdx + he(Ty ~ Ty ) wdx 2

www.me-en.com

o)

onSz

5 Sl nal 5 (PV) (555 Slonin (505 5 i 5 3,KLac
oeleS Gy g A 581 pleson 0 dsi sl Gl o ol Sy
Lol a8 3 )15 oy 3)50 dllie (ol jo pleidle S 50 056 Slgn
Slane,n Ve sgas bl il o i 50 (s o Dlmio oS (pl 4 axgs
il 5hales o din xS0 ey wilgi oo ) 00l jo3 (28055 (6551
Ol 92 oliws G55 890 036 (sloa (ale)S (sl p oad i (555
Sy S5 L 055 ely oS iy o oo2) ol o oolic
SIS Ssl ;503 o 5l et y53 Slxis lawgi oad i
Ol 098 om0 Loyl (slos ol ails a5 0l 5 goud 9> Olxas
) (Sl l9 s S 036 slgn ale S sl 5l 0550 oS 555
S35 ol ol 55 Ss8y55 Slonks 155 i 5 (035 slyn e
o35 Glsn 6,8z Sl cpl pogdle .l oo 0030,8 dwlone 3l 850
Lol 43,5 5158 adlllas 590 5 (293 Al SN Glie 25
3 s S Sl S sgalS Aol
G o3 550 el

Aoddlo
Sdlis (elge aloz 5l (rej Gl )S 9 (6551 @l Cadgae (are Al
SBpas Gl 7S 5 Sl & jgeme |y 98T il (gl latisdins &
osgai 5l (sl S > i cslacsslg5 § osinal 5 525 55
Jol 5 3 il e g5yl osas Gl Bpae dlox 3 baplezsls
S Gtale S g Ao 5 lojed Adg Gy (oS e K 3 Shos
Sllggd oo 5l 95 s 0l BT (g p )90 sl
1 Sl ol ol 4551 4 g b <l 00 oolisid gy ST oy (ol
3o 4 dedygS 3l (S8hy 5 (Sle ailge 9o Ve dga> Ll i
b leislo slop (g 9 GleS laptens 5 (B)b 5090 o0 b &)~
Sro b 090 SloF 551 5l (g HB (2o ) g (slaolSiws S ool
(32 3095 (525 5 s )0 45 09 o0 et Lo 9390 0 (lop 135 05
£ B Lo & sy Slrio ] iy 8 oS (53,1 85 15
el 00 ool o lg oiiss 4y (68959 03U (Slep iale )T i C 09
sl 2loS ) ol lon (ateine Jade So Gale S (6l 35 9,90 351 e
G ys s 5 s 003 g (s 39, Sy L3 b el o (o3

el 00l dealors Gl ele,ST 0l ol e ol S bl el 5 PV)

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

Power (kwh)

- s - =

I
1
N=30
’

Required load

sles Hailu) Gl leaxin lawgi ool (el )l oo ol anslie ¥ S
ol )5 sl az ;0 YYD sbos a4y (639,9 sl9»

[ ] With cooling
5 [ ] Without cooling

2

‘ II II

° = 3 <
i . 3
s I L

L sl o Sildggd slaaman Lawgs oo ades (S Sl ol o F ISCs
S SE e g oSS

Hectrical output (ki)
©

20|

T .
KN IS

ok lg oliws 5l 3550 056 (slgn jome b a5 wams oo (a5 b
050 Ol ey Ve sgam 50 ls oo Slilggnd azio sae Y (s,
Iy o,e e 5l a8 0 Glsa slos 4 o3l slgn sleos ails, sl p
Sramio TS a5 wims o lis @S cpl podle 05 b

2gse ol gy (xS Gl Gl crge Slidggnd

¢y (KI/RgK) el jlas o o5 gle S
h, (W/K.mM?) Lo slgn abuls o)l Jis! oy o
Np Sl ggus slvamas slass
T (K) Gl slos
U, (W/m2)Glb L 4y ile gl 51 5,5 B3] g 5
w 52 55:8 JUI slige
g pdle

o NERE
T I3 e pe
Nel S sIl glen,
bwgin)

a Lo lso
&=l

1- Florschuetz, L. W., 1979, “Extension of the
Hottel Whillier model to the analysis of combined
photovoltaic/thermal flat plate collectors”, Solar
Energy, Vol. 22, pp. 361-366.

2- Hourly Analysis Program, Carrier Corporation, 2006.
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Prediction of Natural Convection Occurring in Building Components using Lattice
Boltzmann Method a

M. Nourmohammadzadeh', M. Rahnama'” and S. Jafari'

'Shahid Bahonar University of Kerman, Kerman, Iran; Mohammad.nmz@gmail.com
Kerman University of Technology for Graduate studies, Kerman, Iran

Abstract

In this article, a double-population thermal lattice
Boltzmann method is proposed to solve the problem of
a heated cavity with imposed temperatures. This family
of problems can be considered as a test model for
building application. A double population based lattice
Boltzmann method has been implemented in order to
simulate natural convection in the laminar flow fields

(10 < Ra<10°). The numerical results, related to the

heat transfer in the cases tested, are in good agreement
with those from the literature. In order to demonstrate
the possibilities of the method described in the article,
applications are considered including double-skin
facades and solar collectors or local heaters.

Keywords: Double-population thermal lattice
Boltzmann, Long cavity, Double-skin facades and Solar
collectors.

Introduction

A correct simulation of indoor air flow is required in
comfort problems. These simulations are often difficult
because of the large family of flows: problems can be
laminar, transitional, or fully turbulent. The geometry and
structure of heat sources are also important. For this article
we have selected three typical situations: a square cavity
with heated walls as a model of a room, a tall cavity with
walls as a model of a double-skin facade component, and a
square cavity heated from below as a model of a room with
a local source (solar collector or heater). In the last two
decades, the lattice Boltzmann method (LBM) was used
for simulating a large variety of fluid flows [1]. The model
described in this article is validated through its application
to natural convection in a square cavity.

The present article deals with the application of the
thermal LBM developed by Peng et al. [2], for the
simulation of a Boussinesq fluid in a square cavity. The
first objective of this study is to validate the use of such
a model to predict the velocity and temperature fields in
the case of natural convection in a square cavity for
laminar flow. Then, in order to demonstrate the
possibilities of the method, applications are described
covering double-skin facades, and solar collectors or
local heaters.

Thermal lattice Boltzmann models

The double-population thermal lattice Boltzmann
equations adopting a uniform lattice with BGK collision
model can be expressed as,

www.me-en.com
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Here, the macroscopic variables are defined as:
p=21 (2a)
pu=Ye,f, (2b)
pPRT=Yg, (2¢)

Numerical Results

The results analysis will be divided into three parts: the
natural convection in a square cavity for the laminar
flow, a tall cavity and a square cavity heated from
below.

2D natural convection in a square cavity for
Laminar Flow, 10° <Ra<10°

Natural convection in a square cavity is also widely
adopted to examine the accuracy of the numerical
schemes, where the flow is bounded by a stationary
square enclosure with side walls maintained at different
temperatures and driven by the buoyancy force. For
laminar convection in this flow configuration, the
viscous heat dissipation is assumed to be negligible. The
temperature difference between the walls introduces a
temperature gradient in the fluid, and the consequent
density difference induces a convective fluid motion.
The left wall is at the higher uniform temperature 7,

and the right wall is at the lower uniform temperature
T . Both the top and bottom walls are adiabatic, i.e.
0T /0y =0 .Figures 1 shows the isotherms for the
laminar- flow case.

TALL CAVITY

The first example of the method application concerns a
cavity with a large aspect ratio (H/L=16). This
situation occurs in solar collectors or double-skin
facades; a schematic diagram of the case is shown in
Figure 2. This figure also shows the isotherms obtained
for Rayleigh numbers, based on cavity width L, of
Ra=10" and Ra=7x10’.The results are in good
agreement with the work in [3].
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Fig. 1. Isotherms for laminar flow: (a) Ra = 10°, (b) Ra =

10*, (¢c) Ra= 10’ and (d) Ra= 10°.

u=0, v=0, adiabatic

Ty Te [H

)

@ (b) (c)
Fig. 2. (a) Schematic diagram of the tall air cavity. (b)

Isotherms for the case Ra=10".(c) Isotherms for the case
Ra=7x10".

u=0, v=0, adiabatic

SQUARE ENCLOSURE HEATED FROM BELOW
The last case is a square cavity heated from below. This
source is a model of a heater, a sunspot, or a solar
collector. This type of flow is clearly a subject of
numerical interest. The results show good agreement
with the data from [4]. Figures 4 shows the isotherms
for Rayleigh numbers varying between 10° and 10° and
for aratio //H =0.25.

H
u=0, v=0, adiabatic

£
u=0

u=0
v=0 v=0
T, . |1
u=0
v=0
Th

-
u=0, v=0, adiabatic 1

Fig 3. Geometry and boundary conditions of the
square enclosure heated from below.
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Fig. 4. Isotherms for the square enclosure heated from below:
(@Ra=10°,(b)Ra=10*,(c)Ra= 10’ and (d)Ra= 10°.

CONCLUSIONS

A thermal lattice Boltzmann model has been discussed. The
double population approach has shown its capability to solve
heat transfer problems of building physics. The numerical
results, concerning the heat transfer in the cases tested, are in
good agreement with those from the literature.

Nomenclature

/. particle density distribution functions

8. particle energy distribution functions

e, particle velocity direction

P Density

u Velocity

T Temperature

X Location

t Time

R ideal gas constant

Greek letters

T dimensionless relaxation time based on
' viscosity

T, dimensionless relaxation time for energy
’ transport

9, Time step

Subscript

a Discretized direction

c Cold temperature

h Hot temperature
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Abstract

Surgical site infection (SSI) is one of the most
challenging problems in design of ventilation system for
operating rooms. In this research the effect of fixed and
removable partitions on the risk of wound infection has
been studied using CFD approach. The results show that
such partitions, especially removable ones, have a major
influence in reduction of airborne particle deposition on
the wound an is highly recommended to control the risk
of SSI especially in critical surgeries such as joint
replacement.

Keywords: Operating theatre, Ventilation, CFD

Introduction

Surgical site infection (SSI) is one of the most important
and potentially protectable sources of increasing the
remedy duration and even the patient’s death.
According to the Centers for Disease Control (CDC)
reports, SSI is the third most usual (14-16%)
nosocomial infection [1] and 2.6% of all surgeries lead
to SSI [2]. An additional cost of SSI was approximated
as 2000$ per case in 1980 [3] which rose to 5000$ in
1999 [2]. This is just the direct drain and it is clear that
the full cost, including time waste and deaths, is much
higher.

The risk of SSI depends on several factors including
patient (susceptibility to infection), staff (practices),
operating room (cleanliness) and HVAC system (ACH
and airflow pattern) ones [4]. It is predicted that major
number of SSI cases are due to airborne bacterial
particles which can be minimized with an optimum
ventilation strategy. In according to such idea, after
cleanroom technology was applied to operating room in
60s [5], plausible evidences shows considerable
reduction in the number of postoperative SSI. Field
studies of Lidwell [6], Charnley [7] and Ferrazi [8] for
joint replacement, hip replacement and cardiac surgeries
shows approximately 50% improvement by using
proper airflow pattern.

Since early 90s, with considerable improvement in the
computational capacity of computers, computational
fluid dynamics (CFD) became a powerful tool for
engineering design including study of indoor air quality
(TAQ) [9]. As a result, in the recent years CFD has
become widely used to investigate the airflow and
airborne contaminant distribution through operating
rooms [4]. Generally, flow characteristics in operating
rooms depend on: airflow rate, supply inlets and return
outlets configuration, source location, obstacles and
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geometry of operating room which may be investigated
extensively using computational techniques.

In this research, the effect of fixed and removable
partitions on the improvement of operating theatre
indoor conditions is investigated using computational
fluid dynamics technique. Although some standards,
e.g. NHS [10], recommend use of such partitions to
improve the indoor conditions, there is no previous
detailed research to approve this issue.

Numerical Modeling

Figure 1 shows a schematic of the modeled operating
theater. The operating room has an area of 37 m2, which
is common around the world including in Iran [11]. The
main geometric features of the operating rooms are
almost the same, more or less. As a result, the
arrangement of operating staffs, equipments and patient
are chosen in according to DIN 4799 [12], the only
standard for operating theatres testing to the best of
authors knowledge. Due to a relative complex geometry
of the model, an unstructured mesh was used and it
made denser in the central region which the gradients
are predicted to be higher.
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Legend:
. Anesthesia machine, 0.5x0.3x1.2 m
. Monitor, 0.5%0.3x1.6 m
. Instrument table, 0.5x0.3x1.1 m
. Operating table, 1.9%0.5x0.85 m
Surgical wound, 0.3x0.3 m [4]
. Staffs, for dimensions refer to [12]
UCV system inlet, 2.8x2.8 m [9]
. UCV system outlets, 0.6x0.3 m
. Operating room, 6.3x6.3x3 m [11]
or distances refer to [12]

Fig.1: Schematic of the standard operating room
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Fig. 2 shows the modeled operating theatre. The flow
governing equations have been solved on a collocated
grid using Fluent 6.3 [13] as a solver. Pressure-velocity
coupling has been established using SIMPLE algorithm
[14] and RNG k-¢ model has been used to resolve the
turbulence closure problem. In addition, Boussinesq
approximation has been used to take the buoyancy
effects into account.

To assess to effect of partitions on the OR cleanness,
deposition of pathogen aerosols on the surgical wound
have been studied using Lagrangian approach [14]. As
turbulent dispersion is the dominant feature of the
airflow, it is modeled through discrete random walk
model (DRW).

gy

Fig.2: Geometry of the modeled operating room

Results

The airflow and contaminant squame deposition have
been studied in several models with removable and
fixed partitions. The results show that the interruptive
effect of luminaries, as shown in Fig. 2, which may lead
to a remarkable decline in the ventilation system
effectiveness, can be suitably controlled using these
partitions, especially removable ones. This controlling
effect of the partitions may be vital in critical surgeries
such as joint replacement.

Temperature
300
299
298
297

& 296
295

iy

Fig.3: The interruptive effect of a surgical lamp
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Conclusions

The results show that the using fixed and removable
partitions may improve operating room (OR) indoor
conditions. In addition, using such partitions can
suitably control the interruptive effect of the surgical
luminaries and reduce the risk of surgical infection
which is important in sensitive surgeries.
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Abstract

Thermal stratification is applied in the field of energy
storage to augment efficiency of energy use. Research
on energy storages has revealed that the thermal
performance or energy saving of a water storage tank
can be increased by maximizing the level of thermal
stratification within the storage tank. In this paper,
impacts of geometrical parameters of tanks on the
thermal stratification within a cold storage tank are
analyzed. Seven two-dimensional models have been
numerically simulated by using the computational fluid
dynamics program, Fluent, with realistic boundary and
initial conditions applied. The level of thermal
stratification in each model has been quantified using
exergy analyses. The results show increasing the tanks
aspect ratio of height to width, decreasing inlet/outlet
diameter, and moving the inlet/outlet position to the
outer extremities of the tank all result in increasing
levels of thermal stratification.

Keywords: Cold storage tanks, thermal stratification,
exergy analysis, CFD.

1. Introduction

Space cooling now represents significant amount of
electricity demands. Due to ability of cold water storage
tanks to shift electrical demand for space cooling, they
have attracted interested. Similar to the storage devices
commonly used in solar thermal systems, the simplest
and most reliable design for a cold-water storage tank is
a single and naturally stratified tank. Naturally, the
water within the tank is not mixed. The cooler fluid
moves down to the bottom of the tank while the hotter
fluid rises to the top. This thermal stratification
phenomenon is a highly desirable quality as it
contributes remarkably towards efficiency of the storage
tanks, increasing it by as much as 10% [1, 2].

Exergy analysis is a thermodynamic analysis method
based on the Second Law of Thermodynamics. It
presents an enlightening and alternative means of
comparing thermal storage systems meaningfully. In
particular, efficiency based on exergy analysis provides
an accurate measure of how nearly actual performance
approaches the ideal. Also, the causes and positions of
thermodynamic losses can be ascertained more
distinctly by exergy analysis than energy analysis [3].
Energy cannot be created or destroyed. However, exergy
analysis admits that, energy can be devalued, ultimately
reaching a complete equilibrium with the environment and
thus no more use for carrying out tasks. For thermal
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storage systems, exergy analysis specifies the maximum
potential associated with the incoming thermal energy.
Only if the thermal energy experiences a reversible
processes this maximum is reserved and recovered. If a
system and its environment reach equilibrium, no thermal
energy or exergy can be extracted [4].

In this paper, with the aim of improving efficiency of
storage tanks, effects of geometrical parameters on
exergy of cold water storage tanks are investigated.
Computational Fluid Dynamics (CFD) methods are used
to simulate the transient two-dimensional fluid
dynamics through a cold-water storage tank. A base
model tank (model A) is proposed and other six models
are compared with the based model. Impacts of
height/width aspect ratio of tank (Model B and C), inlet
and outlet positions (Model D and E), and diameter of
inlet and outlet (Model F and G) on thermal
stratification of the tank are qualified.

2. Formulations
The two-dimensional fluid dynamics in a storage tank is
described by the Navier-Stokes and temperature
equations. The computation domain and meshing have
been created with Gambit and numerical simulations
have been conducted by using the Fluent software.
A non-dimensional exergy based parameter in defined
by Rosen [4] to measure the degree of thermal
stratification in a tank. This parameter compares two
ideal extreme states, a perfectly stratified tank and a
perfectly mixed tank. The non-dimensional exergy
parameter { is defined as:

€ —Emix

¢=1- (1

Estrat—Emix

where, €,,;, is the instantaneous exergy of a perfectly
mixed tank and €y, 1s the instantaneous exergy of a
perfectly stratified tank. { = 0 for a perfectly stratified
tank and { = 1 for a perfectly mixed tank. For an actual
tank, ¢ will be between 0 and 1.

3. Results and Discussion

The first numerical model is the base model, Model A.
All other numerical models that have been developed in
this paper are derived from this base model to

demonstrate the effects of various configuration
parameters.
The base model has the following physical

specifications: dimension of 0.8 X 0.4m?, height to
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width aspect ratio (AR) of 2, inlet and outlet are 0.02m
away from bottom and top of the tank, and inlet/outlet
diameter of 0.015m. In order to produce accurate
results, realistic boundary conditions were applied. On
all solid surfaces within the tank no-slip and adiabatic
boundary conditions are applied. At the inlet, fixed and
uniform temperature and velocity are specified and at
the outlet, the gradients of both temperature and
velocity are set to be zero. For all models, initially the
water inside the tank is at a uniform temperature T, and
is all velocity components are zero. For all the models,
the mass flow rate of 0.05kg/s is chosen and also, the
initial temperature of the water in the tank is
32°C(305.2K), and temperature of inlet water is
15°C (288.2 K) which enters at the bottom of the tank.

3.1. The effect of height/width aspect ratio

To analyze the effect of height/width, two models with
different AR are investigated. To ensure accuracy, the
water volume capacity of the storage tanks must be the
same as the base model. However, dimension of height
and width are different. Model B with the AR=3, has
dimensions of 0.981 x 0.326m? and Model C with the
AR=5, has dimensions of 1.264 x 0.253m?.

Figure 1 compares temperature contours of three

models, Model A, B, and C at 3000s.
[ |

288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305

[ R O R
Figure 1. Temperature contours of Model A, B, and C at
3000s.

As Figure 1 shows, water within all tanks is stratified
and also, ratio of height to conduction layer decreases
from Model A to Model C. Among these three models
Model C keeps water more stratified and thus, has a
higher efficiency in comparison with others. Also
Figure 2 proofs higher efficiency of Model C. The
temperature contours discussed above give some
indication of the level of thermal stratification.
However, a quantitative parameter to measure the
thermal stratification level provides more insightful
information. Based on equation (1), Nondimensional
exergy of Model C is lower than both Model A and B.
As can be observed from figure 2, { decreases for all
three models in a same trend. As time progresses, once

www.me-en.com

Seall Ji o328 3l pl AFAR 15,5 VY = 1)
ICHVAC2-1016

some initial mixing completes, the level of thermal
stratification increases. In other words, { approaches
zero. This is because the cold water entering the tank
quickly diffuses into the hot water, meaning that the
initial values of ( increase. As more cold water is
introduced, the thermocline region is pushed up, leaving
a cold body of water at the bottom and thus reducing the
mixing at the inlet zone. This gradual reduction in the
mixing phenomena causes decreasing ¢.

0.25

AN

N
-

=)
P

=)
I
o

=)
i

—4#—ModelA

NonDimensional Exergy

o
=
@

Model B
—8—ModelC

0

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time(s)

Figure 2. NonDimension exergy of Model A, B, and C.

It is worth mentioning, although, higher AR has a better
efficiency and thermal stratification, it augments
convection area around the tank and also needs more
isolation.

4. Conclusion

Two-dimensional simulation of seven cold water
storage tanks results in: increasing aspect ratio reduces
thermocline thickness and consequently, increases
efficiency of the tank. Decreasing diameter of
inlet/outlet reduces initial mixing within the tank and
thus, thermal stratification happens sooner, which leads
to higher exergy in the tank. Moving inlet/outlet
positions to bottom/top of tank reduces initial mixing
duration and hence, a thinner conduction layer appears
in the tank and leads into a better thermal stratification.
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Abstract

An experimental investigation has been carried out on
heat transfer enhancement and pressure drop
characteristics of R-134a in presence of coiled wire
inserts inside a horizontal evaporator. Wire coils having
different coil pitches and wire thicknesses were inserted
into a plain tube. Several test runs were carried out for
mass velocities of 54, 85, 114 and 136 kg/m’s. By
considering the heat transfer and pressure drop, it has
been found that the plain tube has the best performance.
Therefore, the coiled wire inserts are recommended only
under special conditions by considering the appropriate
consistence between heat transfer performance and the
rate of pumping power increasing.

Keywords: Coiled wire, Heat transfer, Pressure drop,
Evaporator

Introduction

One of the passive techniques to enhance the heat
transfer rates in heat exchangers is using of various
types of insertions, such as twisted tape and coiled wire.
The tube inserts are relatively low in cost, easy to insert
into and take out of the tubes for maintenance. A review
of the existing literature revealed that the use of tube
inserts to enhance the heat transfer rates during
evaporation of refrigerants flowing inside a horizontal
tube has been studied for quite some time [1-3].
Furthermore, the refrigerant R-134a, nowadays, is seen
to be the eco-friendly substitute of CFC-12. It has zero
ozone depletion potential (ODP) and 10% global
warming potential (GWP) in comparison to CFC-12.
Therefore, an experimental investigation was carried out
to study the effects of wire coil inserts on flow boiling
heat transfer and pressure drop characteristics of R-134a
in a horizontal tube.

Experimental Facility and Procedure

An in-tube boiling test apparatus was designed,
fabricated and installed. The schematic diagram of the
experimental set-up is shown in Figure 1. Different
elements of this set-up are introduced in Table 1. It was
basically a well instrumented vapor compression
refrigeration system.

The test evaporator was a horizontal copper tube of 7.5
mm inside diameter, 9.54 mm outside diameter, and
1200 mm long. Refrigerant R-134a flowing inside the
tube was heated uniformly by a flexible electrical
heating tape, 2 kW in capacity.

It was ensured that the refrigeration coming from the
test evaporator is superheated vapor before it entered the
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Vel

compressor, by installing an after

downstream of the test evaporator.

evaporator

Figurel. Schematic diagram of experimental set-up

Table 1. Different elements of Figure 1
Name of element

Compressor

Condenser

Flow meter

Receiver

Filter-drier

Expansion valve
Pre-evaporator

Test evaporator

After evaporator

Accumulator

Thermocouple

Pressure gauge

Differential pressure transducer
Source of electrical power
Flow direction

‘@Ewggom\lombwwh-g

The averages outside wall temperatures of the test-
evaporator tube were measured at six axial locations.
For augmentation of heat transfer, coiled wires were
used inside the tube. The coil pitches were 5, 8, 10 and
13 mm, and the wire thicknesses were 0.5, 0.7, 1.0 and
1.5 mm. they were inserted throughout the full length of
the test section.

Results and Discussion

Figures 2 and 3 show the variation of heat transfer
coefficient with vapor quality for plain tube and the
roughed tubes with coiled wire inserts.

From these figures, it is observed that the insertion of a
coiled wire inside the test evaporator tube has produced
higher heat transfer coefficient compared to plain flow
values. The magnitude of the enhancement is a complex
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function of mass velocity, vapor quality, and the
geometry of wire coil. For all mass flow rates the best
performing coiled wire insert is that having coil pitch of
10 mm and wire diameter of 1.5 mm (the coil with
thickest wire). In the high vapor quality region (x=0.95),
the insert enhances the heat transfer coefficient from
72% to 98% in comparison to that for the plain flow.
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3500 [
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2500 [

2000 |-

1500 |

Heat Transfer Coefficient, W/m'K

1000 [

——=—— plain tube
— -#--— Tube setE,p=5mm

—--@--— Tub. F,p=8
500 | T2 fioeserc,be 10 mm G=136 kg/sm?
——%—— TubesetG,p=13mm
0 I I L L
0 0.2 0.4 0.6 0.8 1
Vapor Quality

Figure 2. Heat transfer coefficient versus vapor quality for
plain and roughed tubes with constant wire diameter
of Imm at mass flux of 136 kg/mz.s

4000

v
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3500 fr — .o - Tube ::us.; 0.7 mm - )
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— % TubesetD,e=1.5mmy o =T "B *-
2 3000
£
=
g 2500 f
5
=)
g 2000 |
o
B
£ 1500 |
=
g
= 1000 |
500 |-
0 L 1

0 0.2 0?4 016 0.8 1
Vapor Quality
Figure 3. Heat transfer coefficient versus vapor quality for
plain and roughed tubes with constant coil pitch
of 10 mm at mass flux of 114 kg/m*.s

From figure 4, it is concluded that generally by insertion
of coiled wire inside horizontal tubes, the pressure drop
is increased relative to plain tube values on a nominal
area basis. Also it is revealed that, by increasing the
pitch of wire coil, the pressure drop is decreased. This is
due to the fact that by increasing the coil pitch, the
frictional surface per unit length of the tube is
decreased, resulting in decreasing of frictional pressure
drop and total pressure drop.

Finally, the performance evaluation of coiled wire
inserted tubes from the point view of heat transfer
enhancement and pressure drop increasing was done. It
was concluded that, the plain tube has the best
performance. In the other word, to use the coiled wire
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inserts is not recommended, except under the special
conditions and for certain applications.
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Figure 4. Pressure drop ratio of coiled wire inserted tubes
to plain tube at different mass fluxes

Conclusions

The following conclusions have been drawn from the
present study:

1- Both of heat transfer coefficient and pressure drop
increase by increasing the mass flux and vapor quality
in coiled wire inserted tubes similar to the plain tube.

2- The insertion of coiled wires inside a horizontal tube
while in the best condition increases the boiling heat
transfer coefficient up to 98% above the plain tube
values on a nominal area basis, in the worst condition, it
increases the pressure drop up to 1000% relative to a
similar plain tube pressure drop rates.

3- By considering the heat transfer and pressure drop,
the plain tube has the best performance. In the other
word, to use the coiled wire inserts is not recommended,
except under the special conditions and for certain
applications.
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Abstract

High energy demand in recent years has caused the
countries to change their energy consumption policies.
Buildings are one of the important energy consumers in
the world. Floor heating systems generate lower
temperature gradients in compare with other convective
heating systems. In this work, the CFD simulation has
been done to investigate the energy loss in rooms with
floor and radiant heating systems. The outdoor
temperature is considered for the Kerman city climate in
winter and the Ashrae standard is used for the indoor air
design temperature.

Keywords: Floor heating, Radiant heating, Energy
consumption

Introduction

During the last two decades, floor heating applications
have increased significantly [1, 2]. Use of floor heating
systems as an efficient way to achieve occupant thermal
comfort in buildings with low-energy demands has
increased. Instead of heating air and circulating it
throughout the house, floor heating system warms
objects such as carpet, furniture and even people. Less
energy is needed to transfer heat directly to people,
rather than fill the entire room with heated air like a
forced-air furnace. There have been several studies
dealing with floor heating systems in the literature.
Weitzmann et al. [3] developed a two-dimensional
dynamic model for simulation of the floor heating
systems. They calculated the heat loss value and
temperature of a slab on a grade floor with floor heating
system. Golebiowski et al. investigated the dynamics of
the three-dimensional temperature field in the system
with a direct floor heater, and analyzed the transient
temperature distribution [4]. Lin et al. [S] conducted an
experimental research on the thermal performance of
under-floor electric heating system with latent heat
thermal energy storage plate Mingqing et al. [6] studied
experimentally the electrical floor heating system and
showed the stability of the electrical floor heating
system.

In the present work, the CFD simulation has been done
to investigate the energy loss in rooms with floor
heating and radiant heating systems. Thermal comfort at
comfort height in a room by floor and radiant heating
systems have been calculated by modeling the velocity
and temperature fields and compared with the data
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calculated by conventional method of heating load
calculation.

CFD Modeling and boundary condition

The continuity and RANS equations have been solved
along with the energy equation in a 3-D room with
dimensions of2.6m x1.9m x1.8m Two cases of under
floor and radiant (radiator system) heating systems have
been tested. A radiator with dimensions of
0.08mx0.58mx0.62m has been located 2 cm and 10 cm
from the wall and floor respectively for the radiant
heating system. Figure 1 shows the simulated room.

e ) 19m
- X
// \\
~. s
\\ //
~
Radﬂt{
28m
o
/ \\ v
. 5
~ 2
\‘ o /1 8m

Fig. 1. Geometry

The outdoor and indoor design conditions are assumed
261K and 295K , respectively.

Simulations were done by using the commercial code
FLUENT.

Results and discussion

As the main goal of this work was comparison of the
energy consumptions of the two systems of floor and
radiant heating, to provide the thermal comfort
condition in the sample room, velocity and temperature
fields have been calculated for the two test cases for
different heat fluxes to the room till the comfort
temperature of 295K is achieved at location 1.8 m
from floor.

Figure 2 shows the temperature fields calculated for the
two cases and figure 3 shows the simulated velocity
vector field for the two cases.
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Fig. 3. The velocity vectors over the room midsection: a) floor
heating, b) radiant heating

The validity of the present study has been tested by
comparing the simulation results for an unsteady case
with the experimental data [5] for the floor heating case.

Simulation n
Exprimental [ ]

Temperature (C)
“ w w “ w
> > > > 53
w - > ~ Se
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5000

Fig. 4. The comparison of CFD model and experimental data
[5] for the unsteady case.

Conclusion

- Floor heating system generates more uniform
temperature filed than radiant system

- The ability to maintain low indoor air temperature
reduces heat loss by transmission and by infiltration
and could result in a better indoor air quality and
low energy consumption.
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information see: www.pcm-solutions.com.
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Design of Solar-Aided Latent Heat Store Depending on
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5. Frankovic, B. and Lenic, K., “An Analysis of Phase Change
Heat Transfer in a Solar Thermal Energy Store ”, Faculty
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6. Khudhair, A.. and Farid, M., 2004, ” A review on energy
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Flow", Hemisphere, Washington, D.C.
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1- Cascetta, F., Sasso, M., Sibilio, S., 1995, “A
metrological analysis of the in-situ evaluation of the
performance of a gas engine-driven heat pump”,
Measurement. Vol.16, pp. 209-217.

2- Patel, J., Henderson, H.I., 1998, “Comparing gas-
engine cooling systems”, ASHRAE Journal.; Vol.40,
pp. 65-69.

3- Zhang, R. R., Lu, X.S,, Li, S.Z., Lin, W.S., and Gu,
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Management, Vol.46 pp. 1714-1730.
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S8bes gy 5 Siledie " ATAA L Bl Loz dgeme glio s -0

Holloer &S sl el Sl e Slapte
Sl o (ol 5 g grkae dged 5 Giale e e S

6- Sanaye S, Chahartaghi M, 2010, “Thermal Modeling

and Operating Tests for the Gas Engine Driven Heat
Pump Systems”, Energy, Vol. 35, pp. 351-363.

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1038

Aol )0 g LS Cand ¢y e adsd JLid al38I L 8,k 5l auS e
G0l 30 S5 a6l s Gl e GBI O (Bras ol
357 B 2015 4y a5 Ll o010 5 (6 S5 4y 00 e

() J8) d9d oo 0 8hee iy ol & e 5l nlsl eyl 5o

0.8

0.6

0.4

Fuel consumption (lit/s)

0.2

Outdoor temperature (C)

led b il (Gl oo 9 Shes o b g (Bran g oS ) SIS
Siley Sl 50 (g5 e

oleS

5 (S Jam) 5s5lnlsl Lid (g rm lon slod ol b (le )5 0
U i padlaiS [Ltd Lol sl o SalS g a8 i jLid
Oles Azl )0 g jamwymeS s Cod plpls 0S8 e glala>de
a s9m oS (355) 30 S sln ygie 5 e 3 O (B
Cdyb (i L (RalS 4 azgi Lyl (nl o)l LS 6ty S g
(V) JS8) 09 00 0 Shos g o 2015 & joxie ¢ jguilacS

14
/ 08
12 7
2
. 1 06 §
|
& o8 g’
<] —_— ——
064 ——— - T T == e |04
E]
04 [
02
02
o o
o 5 10 15 20

Outdoor temperature (C)

Slos b 59wl ()l ooy S Mo cupd g (Bpae S g Sl ¥ (JSS
Omle,S e o g ym Jaxe

G &0 9 (5 5 A

2t 3935 > ey 3 kae yr claazme slas 3l allie ol o
909235 coal ol ()l ey diged o jslate (o el 0l
0,5 5 cdl> g0 ;o 50 0, Slee slrdasiin sl Gy (08 Sl
los Guli8l U Gisleps o jo el 0ad py o Galo )5 9 ol p
Gl OF (e Glg 5 59w maS L8 Cond FAPC 4 YF ) Lans
o 3 Rl T YTIO0 ojlasl an Co g By a0 g oo
las Gl b ile S o Lol sl oo 2lS 7Y+ 1Y ojlil 4y 5 Shos
Srae palplo il 22l g peS (Brae Glg VATC @Y 5l e
Ol LYV ol an o Shae copd g (2alS YO ojlail 4 S g
S )b Gl o s e by ye gl Sl al
50 TNVO i an o Slee o pd 5 (Brae g i iule STt be o
el s Lol 7. BIY

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool Jib oyl 55 eyl 2] AFAR 315 ,5 1Y = 1)
ICHVAC2-1040

0 luzr 95 (p S £95 9 abold diogy Slasl (o y 9 g 0yl 90 0 iy SO 5l Wyl JUSH goue (g lwdnls

Yoy e S o ld Ladllgl Josliid e pod

sheikhz@kashanu.ac.ir «,Lals slSiils ¢ cwigee 005ty (Sl cwiiges 09,5 boliwl'
abolfazlfa2008@yah00.com (Lils olSzils ¢ cusiigee 00Stls ) cwlids 5 sommiils’

khoram.ali@gmail.com . L[S 6lSails « ouige 0aSEls (SlSe cusigee ol ST

097 @bl st g o)z gs 0 S ileanes b Wlie ol o
oylaz 50 slos AW (g5 5 alold uisS 5 55 g4 co o 93 alold
g adllae 0500 (ylius) b )3 ojlaz g0 oy oIS e,y gl g

R I BULREENCR

Sl Yol Jo g giludow

Ol wdb S elem 1l wile e alie (gl oads a8 3 b o slo o,
2 oo b o 63l dslas ;3 S DL ] rizres ol 5 (om0
5 5 9590 st sy oo 55 4y ilais ST lovlr o5 Sloce oo ol &S
9 oo Aé-u}j» SYolee J.AL.: ,‘,Sl> OYolre el o ools UL..J \ JS...I
Ngd o lejen b g wlaily oo 4 alis

1

Tc Th

H
& alold

(3B adands
L1 Al

Lg

adllas 050 wdin Jaw ) IS

lp Sl adly Sy plgie 4 gl g conaS 8l 5l pole (g 0
4 el 00 oolitl Ty WSl SVolae J> g,k 550 dwdie (g5lodnds
2 Sy eaied o (o5 e 4l e Jolo < posad Gl pusd o929 Cle
Soslatd b &)l Jml g Jhw bz p oSl SYolee loads a8 5 s
mwblfﬁ)‘ 6)|)§).‘ 6‘;} ol 00l 55uw P90 A e CMM)\JL; u’lb”
Cowl ooy oolawl SIMPLE oy ,o31 51 Lid i dislons g oo 9 L8
a8 s o oV g IV i ia Lid g pliee (glp b colpl polie

P09y 9 Sl el g Il Cle g s Slesle (ow) 2 a5

el 0l azd T L5 s OMM > 5 ¢ Sl 4 b culs
Al e 0 -MM o iy sl YO°C Los sl (glp Lue polie

www.me-en.com

Yy

oS

eS8 0 ST 4 0)laz 93 0 )7y Sy 30 (Siluand b Allie (nl o
2oz 50y QLS g 4l Gl sl Jl (g a0 55l
G5 aS cel oals oaline il 48,8 18 goae o 0590 (yliune ) Juad
il DUl el (55T 5 lgd any s 0S5 plgie 4 gt S
L 5SSl BT 2alS 95T 5 (55 4 o 198 5 000 (528
JH 5L Y 1 iy a0 3LS abold G niman 53 e el
il el oy 6l )| il o) 5> T alS y slalasdle
45 s oo Gl gl g oo (Sl ST Al 4y 5 () ls
oo Lal el g Ty sl oo 90 cslao 35T l38l b (g, ok
adgn ) it g5 gl Lo ST ol b 550 31 ol
Sl Bl g3l8 alold (so0e (g3luand wo)laz 59 0 2y s guls lals

doddo

Noola® il ez o (aluly ) 55 a5 TYIY 2900 s
YL o Iead ools olaisl ags a4y j5iS 0 1) B ras o s el o0
Seslaiul g (65,11 B pman (g5lwdings j3iS (65, Bran o leisle iso
dleion (53972 9 (silate b |y (250 (110 ngicslacs 5l

59 oleizlo (65,50 B (lgv o 0 lax g0 slao,ouy 5l oolainl & jge o
sl caz o oo Liwly e jo 0l gals |, alize sl jidu
VEVD . S99 ggemme 10 AD Jlo sle o)L B cail oo ezl 1o (55,5
5 oz 5 sloatd ady Las slagl ae; o L6 L Jb, (seen
[V sl 00405 wlo s 55155 elgil 4o 0,2ty 5 s po

GOdsin (ydiote 49 Oy90 (5,5 Ble lp é_:l}tb Slralioze sy
Loy aiwe) cpl jo oad pll slals gl 5l (SO el a3 3 13
5 al,g) Cawl 00,5 Jue (g0as Oygo V-l O S5l olael
oS wols ples babtizme cwlns (335 s o Sl b [F] o Ken
2olis olyom 4y |y co s sladidsyn 5 Lo coliz s 0] sl s
o9,y 5l eolainl b goue &g 4 vyt bl sas oogaze o Vel
3 il gog Gl 5,8 L F] e wles,S o sgazme Ll
3,8lee 10 (6,5L loalaase slass oly ylis oo g Jlaw Jolis  oloo,a>
e g ow 90 o V] 5550 g Jeelowl 05l g ol )S
bl 1) Sadios s b ok 4 &5 Glojlr g0 slaoymy sl
5ooliiwl b jles SO aige Hisle 8L a4 JA] e g 4yl 58,8
By les  SLlSe sl 5 ole)S 6,5 @le milys e ol

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

IR s 250 O 5L Sl JEl g (giluand o)lizgs oo S
5198 a4 Cond 0S5 55 (lsie 4 g ,S S AT 0 easlie 288
) 6y Gyl Ml rals Isa g (5528 )l Ml el 55
BB 6 Yomm Gl i 4 6 bl Gl aizmes 9 e el
el 5 oy gl b3l ol gl Bl pals  glaka>ds

Bed s Syl ST Gl azi e g )l

—8— Ar
0k —A— Argon
—&— Krypton

20 '0
5
Hme)

)lfayé..;d').:awelm)\w )vu_a)l).>JL5.._n|C)vVJSm

1000

&=l

Sl39 an diwnlg) (65,00 Sldlas el s dnge (5 5k] @l I35 -

(http://eia.iies.org) Y¥a, YA jao ((olp! oMol (5,500 i

TYO o w5l Brae siluane

3- Davis, G.D.V., 1968. “Laminar natural convection in

an enclosed rectangular cavity”. Heat and Mass
Transfer, 11, pp. 1675-1693.

4- Lorente, S.,Petit, M., and Javelas, R., 1996.

“Simplified analytical model for thermal transfer in a

vertical hollow brick”. International Energy Build, 24,
pp. 95-103.

5- Ismail, K.A.R. and Scalon, V.L., 2000. “A finite
element free convection model for the side wall heated
cavity”. Heat and Mass Transfer, 34, pp. 1373-1389.

6- Bejan, A., 2004. Convection heat transfer. 3t ed.,
Wiley, NewlJersey, USA..

7- Ismail, K.A.R. and Henriquez, J.R., 2005. “Two-
dimensional model for the double glass naturally
ventilated window”. Heat and Mass Transfer, 48, pp.
461-475.

8- Lorente, S. and Bejan, A., 2007. “Flow and strength
geometric optimization: internal structure in a vertical
insulating wall with air cavities and prescribed
strength”. Heat Mass Transfer, 45, pp. 3313-3320.

Juisl 5 Jl oLy am 99 goae () p T ATAZ (e o5 -4
22Kl (gl IS 4l bl o)l 93 (slmo ey s 0h> 58 &l
LSl olRasly ¢ cwiige

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = 1)
ICHVAC2-1040

60
—H8— Air
50 — A& Argon
— & Krypton
~40|
£
Z 30
(=4
20
10
X
0

1 1 1 1 1 1 1 1
510 15 20 25 30 35 40 45 50 55 60
1. (mm)

5B Gog oSl 2,8 Ll

L
T ol 550 (o
I e a5l (538 abold oy &l JUil g5 Y JSS

aaie 31 Sl 8 5,8 L (il

dop § aws (sl 0,0ty 5l )l B 5y (g8 (galols s JIIRY IS o
S 90 g e 0y a5 jshilen d s eoly lis 65T 5 gt S
a5 ey ) Bl ooz 55 o salol Ll L T ol 3,5
a4 OMM ) o)us g5 s alols Ll bl o 20l glae sl dagls
Ol ol zmen w0 TAY Gl Giow 4 Ol B alS YOMM
Pl gl olils jmals 70 5l geS 68t Femm iy 4y alold
Bl it 055 IS e ok 2 Lo o 53 o 5 5 o
09551 5 98300 s ) st 2l8 Slac 538 3, B 2l L
55 (50 8 oo slros; 3 Ism g

aliies J I oljT llr 553 L (o

o lp A cnl o (il ST 5 51 salols poss S oY Ss
2ol slule a5 s o 0h sesalin ams o Glid 1) 55 he I8
S e Femm sgam U (38 alold jiolibl b wed azd 3 L
(S Y 51y Aol al Sl 31 s i on oS 5>
Sl ol Loy ol polie 5 spbies oo Gl olie o
5 55 S alle 53,5 5 5 b 5 o () e e lase
sy ;5 15 5 055,15 0l ) Gyl ST (s eSS
DB 5 S sles BB slp Sos alie slaow) )l 15 gan
[alals las 1y splie a5 s F-°C 1 Y0°C ol 5o

a8 )18 axlllae 590 0oty calidre Sloglas)l 5o &l JE (liee (peizeen
ol 3l liges Al so 2al8 )l BT el )| 38l b oS wls sl ol
Olyadd yrizmed ol oals &) Y ISS 0 VoM g8 alold oy b
A3 e b5 48 el sy e g & (55 o sloalols s ol > e

Al oo yine Sl Sl pilSe el edos 553

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)
ICHVAC2-1052

Two Stage Refrigeration Systems Revisited
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Abstract

It is the aim of this paper to have a review on possible
two stage refrigeration systems and investigate the
correctness of some traditional rule of thumb
calculations in these systems. Further to a review of the
basics of two stage refrigeration methods, different
alternatives are compared. Effect of inter-stage pressure
and volume ratio are calculated and their effects on
system performance are evaluated. The calculation
results of the paper shows that the optimum
displacement ratio increases with increasing the
temperature lift.

Keywords: refrigeration, two stage, volume ratio

Introduction
Two stage refrigeration systems are used when the
difference between condensing and evaporating

temperatures are so large that using a one stage system
brings the following shortfalls:

- High discharge temperature

- Low refrigeration effect of the evaporator

- Increased compression power
In a two stage refrigeration system, the booster
compressor(or the low pressure cylinders of a two stage
compressor) compresses the refrigerant gas from
evaporator pressure to an intermediate pressure where it
is cooled and then drawn into the high pressure
compressor(or the high pressure cylinders of a two stage
compressor). In parallel with the intermediate gas
cooling, there is also an opportunity to subcool the
liquid refrigerant from the condenser.
Based on the application and refrigerant used, a number
of different intermediate gas cooling systems are
possible, which is the main focus of the first part in this
paper. Effect of inter-stage pressure is discussed in the
second part of the paper. And finally the third part of the
paper investigates the less covered area of volume ratio
between low pressure and high pressure cylinders and
its effect on system performance.

Inter-Stage Gas Cooling/Sub-cooling Methods

While theoretically there are a lot of methods possible
for intermediate gas cooling/subcooling, practical
methods are based on one of the following techniques:
System A: Injection inter-stage gas cooling

This is a very simple method that the liquid from the
condenser outlet is injected into the inter-stage gas
cooler via an expansion valve, as shown in figure 1.
There is no subcooling achieved in this method and
efficiency improvements are limited. The method is
used in small to medium refrigeration plants.
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Figure 1. Injection inter-stage gas cooling

System B: Injection inter-stage gas and liquid cooling
This system is similar to the previous one except that a
liquid subcooler is added, for subcooling the liquid line
refrigerant. The heat exchanger used for this purpose is
generally DX feed as shown in figure 2. In this way
efficiency and unit capacity are considerably improved.
Neglecting the pressure loss in the subcooler, liquid
pressure remains at condensing pressure after
subcooling which is a benefit for long liquid lines. In
the mean time one must not forget that there is always a
difference between the intermediate saturation
temperature and subcooler outlet. This method is
generally used with HCFC and HFC refrigerants.

Figure 2. Injection inter-stage gas and liquid cooling

System C: Open flash inter-stage cooling

In this method the expansion is also divided in two steps
as shown in figure 3. In this system, the liquid is first
separated in the flash intercooler and then further
expanded to the final desired evaporator temperature.
De-superheating of the discharge gas from the low
pressure compressor(s) or LP cylinders takes place in
the flash intercooler by evaporating part of the liquid
refrigerant. In this way, unlike the previous method, the
liquid from the condenser is cooled down to the
intermediate  temperature  corresponding to  the
intermediate pressure. While the method is effective in
this due, two distinct disadvantages are the risk of flash
gas formation from the flash intercooler to the
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evaporator and also the relatively low pressure
difference available for the expansion valve. These
disadvantages can be overcome by some proven
methods like liquid overfeed systems. The system is
generally used in medium to large ammonia systems.

Figure 3. Open flash inter-stage cooling

System D: Closed flash inter-stage cooling

This is similar to system B regarding subcooling of the
liquid and similar to system C regarding the inter-stage
gas cooling. It is sometimes used in medium to large
ammonia systems as an alternative to system C.

Figure 4. Closed flash inter-stage cooling

For all of the above systems, one has the choice to select
between the following two alternatives:

- Booster operation with separate low pressure and high
pressure cCompressors.

- Compound operation with low pressure and high
pressure stages integrated in one compressor or namely,
two stage internally compounded compressor.

In principle there is no difference between the two
methods and both are possible in semi-hermetic and
open compressors. Certainly the limitation regarding
use of ammonia in semi-hermetic compressors must be
considered. For the remaining parts of the paper we will
focus on system B which is more usual in semi-hermetic
internally compounded compressors generally used in
low temperature applications with refrigerants R22,
R404A or R507.

Also, while there is a possibility in all of the above
systems to have load on inter-stage level, we will limit
our investigation to cases where there is no load at this
stage.This makes the comparison more straightforward.

Inter-Stage Pressure
The inter-stage pressure is generally dictated by the
intermediate evaporator temperature when applies.
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Where there is no load on the intermediate stage, it is
advisable to select the optimum inter-stage pressure.
Historically it is known that optimum intersage pressure
is the pressure that results in equal compression ratio
across each of the two stages. Since ideal gas laws do
not apply in refrigerant compression, the above
statement is not true.

A comparison is made in figure 5 for the R22 refrigerant
used in system B between the theoretical optimum
intermediate pressure (vertical line) and the real one.
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Figure 5. Optimum inter-stage pressure

4. Displacement ratio of LP/HP cylinders
Traditionally, in two stage compressors, especially the
internally compound semi-hermetic ones, the ratio of
low stage to high stage displacement ratio are 2:1. A
calculation is done here to obtain the effect of this ratio
on COP. A sample calculation for two refrigerants R22
and R507a is shown in figure 6. The calculation results
show that the optimum displacement ratio increases
with increasing the temperature lift.
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Figure 6. Optimum displacement ratio

Conclusions

A review is made on possible practical two stage
refrigeration cycles and their application. Effect of inter-
stage pressure on system performance is analyzed.
Optimum LP/HP displacement ratio may be far from the
traditional 2:1 which is generally used in traditional
systems. This is true, especially in high temperature lift
applications.
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! Desiccant cooling system
? Packed dehumidifiers and regenerators
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Abstract

Since oil and gas demand is increasing and we have
serious problems such as exhausting of fossil resources
and global warming, we need efficient energy systems
and new conversion processes. Fuel cells and hybrid
systems are advanced thermodynamic systems which
have excellent capabilities in achieving high energy and
reduced environmental loads. Among several fuel cell
types available currently, SOFC was chosen for this study
because of its ability to be utilized as a cogeneration
system. In addition, the operating temperature of SOFC
fuel cells is high enough to provide sufficient heat for the
fuel reforming process. This allows SOFCs to reform fuel
internally which removes the need for expensive external
reformers used to produce hydrogen in SOFCs. The high
operating temperature also enables SOFCs to use the
residual heat created as a byproduct of the power
generation process for space and water heating, allowing
SOFC to be used as a cogeneration system. This paper
reviews different concepts/strategies for SOFC-based
integration systems, which are opportune
transformational energy-related technologies.

Keywords: Solid oxide fuel cell, Integration strategy,
Hybrid system

Introduction

Today, electrical power is provided mainly by
conventional power generation technologies that rely on
fossil fuel combustion, which results air pollution and
global warming. Advanced clean energy systems must
help us to make the shift from a fossil fuel-based
economy to a new paradigm.

The fuel cell is a new alternative to traditional power
generation systems. There are different type of fuel cells
varied by the electrolyte used and its operating temperature
which is in the range of 600—1000 °C. The electrolyte of a
solid oxide fuel cell (SOFC) consists of a solid, fully dense
oxide metal (typically yttria (Y,Os3) stabilized zirconia
(ZrO,) or YSZ). The anode of a SOFC is typically made of
a nickel cermet, such as Ni-YSZ, while the cathode is
made of strontium (Sr) doped with lanthanum manganite
(LaMnO3) [1]. Due to the fact that all the components in a
SOFC are solid structures, cells can be constructed in any
geometry. In the following sections, we present a review of
some integration concepts/strategies for SOFC-based
hybrid systems for HVAC.

SOFC fundamentals

SOFCs convert the chemical energy of a fuel directly
into electrical energy through electrochemical reactions.
Oxygen ions migrate through the electrolyte to the
anode where they are consumed by fuel oxidation. The
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electrochemical reaction in a SOFC is generally fuelled
by hydrogen. At the cathode side:

(1/2)0, +2e—— O* (1)
At the anode side:
H, +O,—— H,O + 2e— 2

The SOFC consumes the hydrogen that is produced
from natural gas through either internal or external
steam reforming. The fuel reforming is endothermic
reaction. The heat can be supplied by the overpotential
loss and entropy change heat for internal reforming of
high-temperature fuel cells including SOFC and MCFC.
The chemical reactions include the methane reforming
process and the water gas-shift reaction as follows:
Steamreforming:

CH,4 +H,0 — CO + 3H, 3)
Gas-shifting:
CO + H,0 — CO, +H, (4)

At the anode side, the carbon monoxide is electro-
oxidized by oxygen ions, thus producing carbon dioxide
and electrons:

CO + O,—— CO, H2e— 5)
Although hydrogen is thought to be an ideal fuel for the
future, there are issues associated with generation,
storage, distribution, etc.

The reforming of hydrocarbons may take place either
externally or internally in the SOFC system. Fig. 1
shows the electrochemical reactions in a SOFC stack
that uses an internal steam reforming process.

Part of the hydrocarbon fuel is reformed in an indirect
internal reforming unit and the rest is directly reformed
on the cells. Part of the heat that is released due to
irreversible electrochemical reactions is utilized in the
internal reforming process. The depleted fuel still
contains some unutilized combustible fuel, such as
hydrogen with other conventional thermal cycles to
yield improved thermal efficiency.

SOFC +PEM fuel cell

In a hybrid system that comprises a SOFC combined
with a polymer electrolyte membrane fuel cell
(PEMFC) system, the PEMFC makes use of the internal
reforming ability of the SOFC to produce hydrogen,
which is necessary for PEMFC operation. The heat
released from electrochemical reactions in the SOFC is
utilized by the internal reforming process. Fig. 2 shows
the PEMFC schematic configuration. Natural gas enters
the SOFC at the location where the fuel reforming and
the electrochemical oxidation processes occur. The
SOFC stack produces electrical power together with an
exhaust stream that contains unused CO and H,. The
exhaust stream is routed to the shift reactors, where the
CO reacts with H,O to produce CO, and H,. There is
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CO reacts with H,O to produce CO, and H,. There is
sufficient H,O in the flow stream to allow most of the
CO to be oxidized to CO,. Beyond the shift reactors, the
remaining traces of CO are removed by selective
catalytic oxidation. This is necessary to prevent
poisoning of the Pt catalysts used in the PEMFC stack.
The resulting Hy-rich stream is cooled to about 70 °C
before entering the PEMFC [1]. The fuel cells in Fig. 2
are connected in series for fuel feeding. Using this
configuration, the gas mixture fed to the cathode of the
SOFC contains some water.

Depleted Al —————&=

H:0
H; OO Direet Inteeral Befomiing

Deplered Fuel ——m

Hydracarbon Fisel

Figure 1. The electrochemical reaction in a SOFC that
features internal fuel reforming [2].

The efficiency of the SOFC-PEMFC combination as
predicted by simulations is about 60%. The efficiency
of the SOFC increases with operating pressure, but this
has not been proven for the hybrid SOFC-PEMFC
system [1]. By contrast, the efficiency of SOFC-
PEMFC decreases with increasing operating pressures

[1].

Water

Coaler

Aﬁhmwl
s Anode
HE1
Cathode
SOFC

| 35
C

Fucl

HE4

Shift Reactor Selective Oxidizer

Cathode  ¢——
Air

Exhaustair ~ PEMFC

Figure 2. Layout of an Integrated SOFC—PEMFC System [1].

SOFC + absorption refrigeration cycle

Absorption refrigeration machines are widely used in
buildings for air conditioning. The absorption cycle is a
process by which the refrigeration effect is created
through the use of a refrigerant cycle and another
working fluid cycle. The refrigerant cycle removes heat
by evaporating the refrigerant at a low pressure and then
absorbing it in lithium bromide water solution at a
higher pressure. Some external heat is needed to drive
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the liquid refrigerant into a gaseous state in the vapor
generator. The external heat is normally a side effect of
industrial processes. In this context, the SOFC can be
integrated with an absorption refrigeration cycle, which
makes use of the exhaust SOFC thermal energy.
Furthermore, the electrical power for the building can
be tapped from the SOFC.

Fig. 3 illustrates an integration cycle for the combined
SOFC LiBr absorption refrigeration system. There are
four closed cycles in the system: (1) the SOFC power
generation cycle, (2) the condensing water cycle, (3) the
chilled water cycle, and (4) the refrigerant cycle.

The SOFC exhaust is channeled to the fuel cell inlet air
recuperator and then routed to a vapor generator to heat
the LiBr/H,O solution, thereby causing the refrigerant —
in this case water — to be boiled out of the solution in a
manner similar to distillation. Generally, we can add a
heat exchanger downstream of the vapor generator to
produce hot water that utilizes the exhaust heat.

A

Cooling Tower

Condenser

Recuperator

High Pressure s
Vessel

Li B/ HO
Condensing water

[F=70]

Adr from Air=condition
house -

Air from
house

Chilled water | Alr-condition.

v

Aurto house

=4

Heai Exchanger

Low Pressure
Pump Pump Vessel

Figure 3. Hybrid System Consisting of a SOFC Combined
with an Absorption Refrigeration Cycle [2].

Conclusion

With SOFC hybrid systems are power systems with low
pollution and high efficiency. They have the ability be
replaced by fossil fuels and other irreversible sources of
energy to become future sources of power.
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[1] Bergles, A. E., 1973, "Recent development in convective
heat transfer augmentation", Applied Mechanics Review,
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nanofluids", International Journal of Heat and Mass
Transfer, doi: 10.1016/j.ijheatmasstransfer.2008.10.025.

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1017

‘)5""\5‘ dﬁfo)"_\jl

Ol JU! s

35 Sl nolie lp 485 Oy (025 SlagsSoslul 5l eslinul L
Tt e 9 Al plnle Ol JES! e zrhe alpe o)l
20,5

gl 0939 D)l Jsl gmge 53 ulall D396 0938l b o 2 512
0955 9y Sl Sy vae L il ol U G po D s
Js o Ve Wl ()l ol 5o 9 00 g slaJlowslls 5 all>
ol 00l o3ly ioles ¥

3 ey bl G A 0 JEl b il (S ol
0,5 sl el (lgi oo 1y Bl ol Jodo el oamlive B lS o
llé U sl ) e Y L b ot 5 50 5 oS
Ol 83555 Js-b soameiio jotsi; sae Sy o ol iy o) 5 il
et (Jap Ng) Sl & azg bl al (589, 63959 ok 5l 555
48 LS e e el Faua (6999 4l glal jo ol Ul
il Al s S e Ll & S iy S L Jloagil
2,05 )18 69955 Job

300
B v ® Plain Tube,
I _ A Plain Tube, 0.2%
—_ | v * o Plain Tube, 0.5%
E{-; v v L 3 Plain Tube, 1%
= | * 7 Plain Tube,
= 250 v q-100W
ER A = s
2 | = ‘
3 ¢ a
-] I o [ ]
:: 200 -
& - = L ]
g I B0 9
=1 I 4
= |
D [ J
T 150
g8 |
&
= |
oob————— Ll I
0 10000 20000 30000 40000
Peclet Number

L liss 2ol 5 o s ) J oy 51yt ¥ IS
Slg Voo Sl ol con dlg) o IS, sae

cayo ol Jlwgl G gl 4 098 0 cdalin ¥ USS l pioren
Abge Gl Gasin,y sae b o) Sy sae il Lol el
e o3V jalgny olael 53 505196 DS i 9,55 5 g i &l

Sedien Vb 6551y o)l Ul 4

HLid el gl
o chle o B e, aw o | Lad il Sl YUSS

5 JSi cpl ey 5l s e LS YW el Sl Sl o ol )34l
ooz oS il b 8l 45 0 oamlice cond o (slmosls L

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ b0 21385 3 Gialo i ssinlo S allipns 1 IS (s SYio 4 gozno

Sopedl J5 (585 o0yl IFAR 315 ,5 1Y = 1)
ICHVAC2-1027

T e b (8 o)y il €9y — o ST Jluwgil plyl by jo HLAS Sl oy ardlae
b 5y )b s

T 5oLl (ylg3 ) e dammo L gouam oo

mohamad.s@gmail.com «;| 45 oKzl ¢ 28 (lrouSails s p Sl owdige 0yl Lol )15
akhavan@ut.ac.ir .|, ol82ils ¢ 23 GLroaSaily sy «SilSe cwaigo caSiiils jluzils '

Sl yase £y dm ($9933] (g i e dunST OIS 51 AT el )
d=do an @3 ol aioren 068 oo oolaiul (gige sbo,S iy i
ailbion g Giale 25 (2l Gl 93 (598 S

Sl s

o a4 old cwl e dwnST Gados opl j0 ool solatwl gl &Iy
aoyd A Ll (osls az o g gl 00 Ll (uSilos ShaB 5 0052 (59,5
b Jlwsil caslord 605 ol ol laghs; b oS wil (oo
e polie 53,5 ouiSTy b edoys ¥ g ) cof8 /Y oy slacilé
b Segusl T ol 5l ool b agly o5, 10 o ST gl 213
6l oS ol wiad asliial 5 4 3,mlS YF Lo g oo Ll
g o oolainl 4l Jhw jo gl DS g Mk sl

ooyl oliws

o3l s o ol Jls (550 Lulpd cow lad Sl ) sl
e Syl Ko (cialejl phnes 0l alo g (ALY S0 Gllas
slagizn 5l a5 aibioe abgye Juwsl by wb 08g) b Gln
b g Givleyw slaszly 55 9 (20 Lad oo 5 pSojlal sl (Sgline
S by jled 2l g pFojlal il oad BSA5 Jlw Gl @9
Sy & (PMD-75) YL cds b jlad sl s ufojladl olfims
4 olfiws ol 0,5 o plol sl a0, IS (410 kPA) odg0me
235 oo Jate ) S5 illae alojl 550 alg) s g

———————— Test Section————————,

I
|
Termocouple ! e @ o 0 e o

==
Flow Rate il Isolator AC Power Supply ~ Electrical
Measuring - Coil Heater °
Section Q 5
Pressure gauge .lE“
" =
Cooling
Water Out
- Il
Gear Pump Heat Exchanger

Reservoir

Reflux Line

Cooling Water In 4

PreCooling Set

ialesT olfis Siles (slos ) U
L5 o g e b B e dlg) oy taleg e oLl a5 ol Lon

St eld g e 4 jiome sbodly) Slasie 0,8 oo pbil 2ol
sxel V' Jgaz 50 () e s g D) g o5 (@) g A3

www.me-en.com

oSy

95 ot ST Jlewgil o)1 b2 lid il g2 anlllas ol o
5 0 )3 e 590 T e 4 e (B sladly) (9,0 4l
Iyl o oy Y b+ oy Jloms 5 4 5l 03 oy clile
oS el 520 VY Jsb 5 yrankes VE 51 )b b no alg) coslitiol 5,90
i ol8 g ol ()0 Al Glapls g e Sl b sl e
Cog (S0 S g le 5508 Sy by Ay o )l Jlwgil B3 S
e oDyl ol Sl L

Cbale ey pew p5 g s by (o0 Jie alizs sla il )l
e b ) (sl 098 oo aslllas JLid <l (59, (Il Lo 5 Jhesil
b Gl Lad Sl ez (o B L (e Sl SS s
Orred 9 g e Swld (B L Cb e 0 b jLed 8l ol
bl jo olyd cdale Sl poomen wboo (38l (e g o8 LiolS
oolaiul a5 s oo lid Dlawlin 0,5 o )3 o) 050 jlad cdl
Ol laie w0gd oo jliad il il el cly b sl Sl 56
e iy YL clacale o gl

doddo

5 0l Brae 3 (297 yo gy 55 @l Cudgae 4 4y L
gle » Gl ldas Glil3 sleop)ls 4 colie b e
sl ol ol Sl Cuonl Ll 51 agy oolitial g (Al ccilizia
JEl gy 3SLe 09,51 Gty cmgllas 8 ,Shae b (3> Jowe S 2l
dwloee )0 S8 Sy ek 4 Bl oo e Al jLA3 Cdl o Ol >
el 355y ool sl ] L

Joee 5o Ol JE Glie (RIB oz JW8 2 slaghs) (S
Seslital Koo gy adlbise ol G500 0 B e o)l
GRIBl s h9) 90 8 el $U ulide 0 delz D)3 LS e og
s e il ) Lad cl o> U

T e & e sledlyd jo jLad Ldly &l JUWST g a0
oy g ond pll i [V] cul oad plml Sl ¢ 55
JESl oly 59y 52 base wilige p3l 4m & bgpe & Jlwsl
I¥T o3lopoe o Jlid cdl ey a8 5 0051 35 5020 Jlows 5 (5>
ST gl o)l 0l 2 JLad c8l L8, (o pOl Brdod Su
S S g g e b B8 Ay jo i glacdale b agly (89, - e
ol 08y mome denST Jlowgls 5l oolial (Lol s el el (5l

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

g Blo dlg) gl jalan,; sae b alls 8, [lid il ol ¥ S o
S0 aS 098 oo odnlive (ul 0al oold LS e 4 oo slaals)
AS ool Gl Jlad Gl mopee Cwls Gl Lo els B
ol Lad Cdl o o 1ol L ol Culs S sl eizeen
B Jals b g cwls (il b as caal cpl Y 5l (SOl go
Do Hlzd Cdl gl cel g ooad atan] i Gl e

el o B o b s 4 bog e 5 jlid il o iy

9
# Plain Tube
8 rlowcl. p=30.e=0.9 mm
- [ |A WC2 p=35.e=1.2mm LR
® WC 3, p=30,e=1.5mm < *
6 |0 WC4, p=30,e=1.2mm .n
= O WCS5, p=25.e=1.2mm a
g st oA
E' . oo *
= *
g L “ae
M
e
0 n " " L s L
0 20 40 60 80 100 120 140
Reynolds number

Tmpew b sladdg) jo s0den; sue b Lalls e, jLad cdl Ol s ¥ S
Sy p Dlg PV ol (Lo jo g el

Glp led cdl gl Wy, ol dilie saelile b Jlwsl ol
boayd o led Cdl aman Sgdice odd o ikide slagpas
S (g0 by (Rl eSSl Sl LS

G35 amk

5o le addllae opl 5l Jols gl

5 8l el Sl ald sl Ag) (9,9 e 55,5 3 Y
D98 o0 e A g Culs 4wty jlad cdl alasde

JESl #3500V 6l Al €9, 50 e duST &35l 5l eolal =Y
Ded g s ol Hlid el ol cel ol @l >

o o o b 5] 5 sl ol b S8l alj8l sos ¥
ool i gladasde b6 jsb 4 CBlo alg)

@ cble VL L Jlwsil 5 ulrd 030 b e 5l oolitl -F
ol el sols moldl as o £Y U 1) jlad cdl cakise glajalen sl
S50 50 65580 Dllasde b ogd o cely jlus il asli8l ol lade
5 g ookl Lol JE Gl slSass 625,
Dy O)ge sbes s )l 50 Jlwsil

&=l
[1] M.A. Akhavan-Behabadi, Ravi Kumar, M.R.
Salimpour, R. Azimi, "Pressure drop and heat
transfer augmentation due to coiled wire inserts
during laminar flow of oil inside a horizontal tube",
Int. J. Thermal Sciences 49(2) (2010) 373-379.
[2] Y. Xuan, Q. Li, “Investigation on convective heat
transfer and flow features of nanofluids”, Journal of
Heat Transfer 125 (2003) 151-155.

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1027

w15y job 4 a5 S S0 claciaall Ly o3 ) L e
Loy beiadl gloS e 5 05500 el Sl 00 sduzmey Ay 590
becall @)l Wl 6T sl sl 90,5 o0 mebad Smio sloyens
797 9 609y slales Cwloas Ble JolS job 4 Ay e 4

g o (5,505l PT-100 (sl 1gS 50 55 g

T o 4 e Sloalg) olal g Slaseie ) Jgo

No. d(mm) p(mm) e (mm) p/d ple

) Vf Yo \IY WA YAy
Y i Y- \IY YOE Yo
Y i Yo \IY Yo Yany
\ i Y- \/o YT Y.
5 i Y- 0 YAE YYYY

L ols 3JUT 9 5 91 2oz

09 > cidits Lalale b Jlawglh 0l 2 (sl wanie Sligles]
i 5 o g e e same slalyl 510 5 Lo 4y
Gy jodsn ) sae 0l plosl Cgliin oo y> slacie ju 5 alises
RECAUROUETR | IR PRRINW

5 oA 09, lp e Oen Slo Ay o Jlas cdl ol Y S
olid sy sde casp | @it g0 slacdale L oYlgls
LS e et WV e B Ve G jalen) 000 g pl)l il Gl amo e
slocdile b oVlwsl oglite JBa 5 (Seslus ajeSms Jds
el Syl 3w e plp by ey 0 LT ja0si ) lael il

Ol YU slajalans ) 10 059 SYLewgil Lad il aS 0gd o 0p0 ¥ S jo
T 50 3alz 3 06 Blae o] o il o (alls 4l o8 L 24l
Azl )0 g ol a4l Jhuw 4 Coad (Kol oSy Ll el a5
ST Egoge ui‘ £5|Jf k5)i’f> J‘-?J‘: "”;Ls" )L““j <dl w‘ﬁ‘ Qe
o e 4y il o K00 abais 4y glalas I Ll oS > g ol 3l anad]
SO O Y P R I [ UG RN RIS IR
b jlad il oS 950 o0 4zl Geizren ¥ Sl 09,00 Ul oS (5 y5kailon
oo (Rl 5yl Jlowgl (oo il ol

10
4 Pure oil
o<
3 Q02wt% A .
A0S5SwWt%
= [o}
§ O1.0wt%
~ 6
=] O2.0 wt.% [NEPN
3
=
=
@
= O
é 4 DA
Z &
[m]
2 Ole
£Hie Plain tube
q"=3000 W/m?
0
0 20 40 60 80 100 120
Reynolds number

Sl Empe o9 Blo dgd jo jalan; sae b jlad cdl ol sy ¥ S
Erore g Slg Ve coli Lo o 5 it glaceale b Jlw 5L

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



www.me-en.com (SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



www.me-en.com (SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ b0 22385 3 Ghalo i ssinlo S allipns 1 IS (o> SYio 4 gocmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)
ICHVAC2-1059

digod 039 S )0 HVAC Sl S JUU o (¥l 9 pudiss ccond) TAB Jodlygiws g1yl g (215 09

'Sty Sl e

Ol o1 535 ol —a28 iy (Slopiansms DUk 35 po o555 JoS ~ Sl (puign 0] (ki 15"
mehrzad khorasani@yahoo.com

5 G 9l (S Ol L L aes Cans 93 53 Lad B Y
b (b s ead s jlre o5l

il ke K0S b s Sblaiil 45 0wl bl -V

S JUB s ¥l (21521 9,

oo plowl Al e 93 53 0595 2l

b yeos 5 42,5 5 Olulon (5 10 Lot )

g lid 20 (5 Sojlasl VT Il g Cad g5, 4 J S =Y

25,5 oo JLETTAB o35, a2 (59, 5 IS0 lods 9 batdl (o) p b
Sy oo oylg 00 >y TAB 43 15 Wl 2o g aazsy ;s CFM
Hid g CFM aiile 5L 05 85lg0 g (o) Loyl lge laskin
a s 8 ail s adss gl Lad aSlijge 10 0gd e o Sl
2 sreiladl bwg (wboo (Lol JUIS CFM jlade 5 (055,
Doss gelas 5 J78 a2si Gl gy

Joee 53 el (oolood lodldl (oo 3 5l Gy 0390 0908 (Sbkes S
Jol> Lol Soslogil g (Gws sl ped 092 5k 5l g JFS 039
S8l Sk Sl p3Y STy (o p laldd (293 5 (69959 Sondg 9d e
T 5o o3l lge 8 a5 (Shge p3 85wl 15 L Sl s
Joe 55,5 050 loa e 098 (109, (Smlige 2L Lo lse e
it Dyt gl ose (5 pSesll g o3 (slsm 3l (ol oleid
8 Shge ;5 o pluler (295 5o (el JUB by 09 o
2o e ;o Ly jpadall i 35 i ik e w0 ) -
JSte 0929 Dj50 50 9 JolS (o 2 i JS 090 i lolea
9 un SIS plass (2955 9 (6999 45 (eizmen 005 &8,
[¥]ogio0 men st e 0975 & )50 50

TAB gl,>! sy, glgil

el plosl BB B9, 90 4 Yoo s oYL

( Trial&Error) Uas g s o, ¢ &l

sz ) et dll Jgaa jleslinul 5 Jealljgiws b Gillae (A9 cnl 5o
23,5 oo pladl ez )3 5 Lo jes @olail @y S al> 5o

- by SYoles o Federspiel (Walton sle Jow 5 eolaul : o
el Jo 5 L0 slo

FE ol )l e 5 08 Gk 5l Lads cY¥slee pl (Sauz 4 495 L
Performance ) s Slos  covio (s, cpl ,o Gl ;S5 45 p3Y sl ploxil
Al et e Sl oe sunsi O Sz piaew 2 sles (Curve
w9 Ladsgs wbyy (S JUB w2 b oloogsn 0 gy crl 5l eslital)
Gyl cdld sy ol o aS Lo S5 S b 5l gan (o)l 8 )8
S o oolinl T 5l 5 angd b l5le

www.me-en.com

0¥

oS

@l 5 2l Glptrs GV 5 oelis s cqr ITAB (lagis
3laewl Ojle 90,05 o 3 colaul 9,90 goudae 4505 Ol o
T 9 S99 Slop ke aSh 5k 4y lga (S U s S e
09 b ol b gudate bas aoye Vo b iSTas g glaaoy (o
el plol BB 3s, 90 4 Yool HVAC (slagin 25 JUIS LV
( Trial&Error) Uas 5 o (g, : A

ol > oYslae o Federspiel 5 Walton sla Jos 5l soliul : &
Ll U 5 L2308 slopine

Sl Las o¥olee Jor (39, dse oliyz SYolae (Soomy 4 axgi L
2l B (5l 3le 5 a8 32

s Jd e lansl 4y a8 el o eolaial Jol g, 5l pole 059, 5o
23,5 oo

lolizme 65350 )lods g Loa i (o) b oJsl G2, 51 TAB 2!
3)ls Y ojlads pyb 0 ojlad cnl g o el atdi (59, oazm ) 5 (5395
ol abgrye slocis) 6150 leds 5 (alolids 5l Gy (rizren 390 00
Sgd e Oy oy pled o aids plae 15 Lol e § leazy 0 CFM
Lol 0l 65 ol (e 5 Loslilen (53 (09es (509, (goms al> 0
plasl JU 090 5 bazm 30 59, lyr 65 o3lal Sliga 5l oslanl
S8l pslie (3903 S Sz Sl 3,5, pelas Soles 59 5 99 d o0
WOl oo LAid [ oad >l g g0 lud

Sl TAB LS 0550 slap s TAB s ()b rguls wlols
00 g badze )0 oudais dosls cud ol > (6 S ojlu!

doddlo

5 b ol Egkie 455 Sl 00 (b s (i 0
oy Lo .ol cod 31 5095 O jgo 4y lop is > lae o SV
bl s Sbladil IS 50 (b b2 4 i) lp (e U
= G=3 Sleplas plonil g (6 pSojlul g acgazme (53,5 WV 5 ol
00t it (5280 0 Shae g, ! bl go (b Lyl el
aslsl 9 ul)_..o.u 9 6)L\_QS/J » J...Q,....a LS‘)J. Ls)lsd) 9 03¢5 yuouds l)
..x...;l.as,e oA ual &5...]44 945 LSLQN""‘“""‘" SOy T OV S Sles

5Pl B ras laan e wSlas als 5 (J3ls Cllas byl i sl ol
40505 Slunls dc goxe i (69 ,Shoe S ] 51 (5,55l o
OO0 LIS i 50 o9 pdy S5 sl adl pdy S Wb gsela
ol el B3 il b a4

ot b ol 5o Sblatil 5 ol 5 415 55 sl b ol o)

Ll ails se>g

' TAB:Testing Adjasting Balancing

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

a 2a
e N
I I I I I I
—1—o o o) o o o
—1—o0 o o o o o
—1—o o o) o) o o
—1 0 o o o o o

ol (an pudi b 258 (6 S ojlail ) JSs

JBS U515 (g 503105l o,

Dglen planl Gy 9o 4

s (G s b 00,8 (5 S 03Il ]

a5 050 dlaai 4,28, @ 0acld 5 ) S sillae JUIS alafie g, ol o
D9 50 (G s

bl JUIS 50 4 So5 alold il 90 1155 alols Sl ol o

e JULS 515 e s ass g el g5 SelS” sl sy olass
Byl (Swy Sl 0,90 285 5 JUIS ol o blazel

)8 G o b (28 s S 0jll i

Dedse GBI Joazr b Gllae bl cy 250 Sl o 1)) Jses

i (JU 51 sy g Senl 25 SLelS bl s, olass
LEev ol (K Sl 500 85 5 JUIS olal o ilizel

S35 dek
(Laminar) glas¥ slanl > 5o (g ySojlail com ) Jog, 51 oolazal

OV fpm ce o bojen ol jo lee JUI 5o oL > Ll ol ids
el s Yry55 50 Logas LAl 5 oaiiSTas slaass ss>g 5 YU

WSS Gl azgl b e (B9 99 (nl e Sl Dol S e
TAB SsS5 51 ooliinl (sblye g, ol 5l ool Csds gulis @ azg5 L

Gl aige (A3 Cadlae byl i sboul goudas 4945 spiucen o

&zl
1-1980 Systems “ ASHRAE Handbook and Product
Directory” Publisher American Society of Heating ,
Refrigerating and Air-Conditioning Engineers,INC
2-1% Edition, 1985 “ HVAC Air Duct Leakage Test
Manual” publisher: Sheet Metal and Air Cnditioning
Contractors National Association.Inc
3-William G “Testing.Balancing.Adjasting of
Environmental Systems” P.E Publisher: Sheat Metal
and Air Conditioning Contractors National Association
4-James B., Dug S Taylor,P.E. April 2004
“Testing.Balancing.Adjasting&Duct Air &leakage
Test” NAVFAC ATLANTIC,Construction Engineering
Branch,Code C152.

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1059

03ls g laisl 4y aSaed co ooliiwl Jgl g, 5l adly aloxil 05g 4o
ol Sl 5,k g0 4y g, ol 5l eolaisl
(Step by Step)sl5 4 o5 -

Slawslio =Y

Ol @59 E95 4 i 009 a9 (o By 90 y2 Sl 4 4z L
N> jab a5 0l dllas L 0L F U cwl (Sew olodas
g gn 03l madgi Jol (b,

P 4 el o)

g (ose srSeihl g (ol JUIS 0L > 555 oslail sl o5
ook b llas (ol 0l > oelats g Dot

ples sl pogas (nl 53 0ol (2L TAB £ (0505 oSS ip93 o
JUE al @ Lo ye sloaz y

bl 5 Lol JUlS Sstial (slalis o pgms olS

TAB ost JaS5 glap5 5 o S Jgl al> o cloesls ip,lgz b5
Gl k> o ol o 03 aalys 158 o 5aS g (o 59
Slaclas 5 ol o o S¥olas (rimed 5 (B pad et (S0
g waly> Fge (an

Ao pe (i g Al e g JeSSTAB 3 o oy (i 1o o8
23,5 o plonl boaze jo oilass gl

Beben S g 6 RS ojlul ez ;0 pled ipdd a5

Sl ©yso 0 09b e LSS @il B gl ol boazm o welass 51 g
L Ladon ;o mudais pgo al> o dbgo 03 (cnin (gt Slael oo
J¥]os aelys Soj asss slael a4y oowlie CBo

Wgad 055 5> (o) N (G e L (028 g RS o3l Joo

3,50 bla olass
JUS o)lg0 4y Cod alold g2y Lk
L‘3%)))
<JAYE g +IVAY g </ g < IYYA g +/- VT A
<AV Qg < IYED o < [OFY § < [FYY 4 /YYD g +/+#) 7

osls Cud g (g S o)luil ogzxi

Az 50 595 Ol S rSosll

S s Byl s a0 69y bz Jedan 5l Uy ol 5o sl G,
(Van probe) glasly,, g oy ) ooliiwl b g 55 o0 @31 03l
s b U g (6ySoji] abis iz o ot alold |5 ca s
Dgd e dpmloe 0l IS (55,5

69> O e g Ol oS olas Sl ealiiul b pgd bs, )0 pgd s,
Celas ol 2oy wled 55, Gl i e Jawgs sy am )
[f]ayﬂs@ G5 o3l sass

JUE 50 by g S o3Il Ol s
(Van probe)slasls  guws cue s 31 oolaul il
gl 4J5I )I oolazul L H

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)
ICHVAC2-1092

S (ST (loghy s 53 39290 S Jumily (o) 9 (U ))

Y . .Y V. P> .
(S N g ¢ (G gl It ¢y gSule Lo oo

maligoodarz@srttu.edu « L, sl olKils ‘)gou‘

sydream74@yah00.com «jgu s3> Cpwiige &8 25 (Yl SilSe ol 5T

Nnavid6850@gmail.com «yels cwdige &8 15 ¢ 559, 3 5yl Slaol Lolis 5T

ol glad an Lo YL slod 10— mujmive 9 pedS slo 5 Loes
Juisl 5 pals odle 5 wisd (oo oo &)l Jisl gsla s,
o e — . AP . "
cbale e iren.00 8 o 50 Ko e oS g (So,55 ccl Iyl >
9920 JoSid Ol e (g9, 1) pg8 5 (6l @Y Wy Jgloes slga oYL
4 e Wlgee 31 cnl 45 T 5 olyen JBu b s 2l cnl (s, lia

28,5 Ly slaals g dly) bshs 4 uile, o] Fggd 4yl

Shes sle ojle o b So s Jodoe 5 Glae Sl (e 20 sl
.oo)f‘_,;o u.:/,.i:l} 0 6).)‘ ‘f?:.w A\AJJJ g_;lj d..l?u &a )‘ g_;l ‘GAM
Sl oy bagi o0 S 525 b g 095 (o )l Mol 5l (65l i
ks 3 395 o anils &5 oy 0 55 Jalore olge cllale e S i35
S gl e sl (Koo cdiiand 10,95 2 (65 LAl w35 O 5l aS
wils Jllp sl ol gy 4365 T a8 sblge ;5 o uSall 5 il o5
il vale oli8l gl as e liauds wiil

sl v

Sl ologl g oxbaw (ylogly

s 45 ] U0 g a5 i S0 ol 5l Jele dlge 5l can
bosle o 50 ) g 5 & Jate 45 s 5 L Lnlaish o
B SO g AN 5 VA RS U U5 JCT-SUCN IR JURN ARG
o Slse ol () o)led ppa) ansfes " Sl olask” o] &
ileoo Y 5 J5 5 02 4 g

el O s 30 5 035 Koo O 5l o Jalme dlge ol 5 500 Lo
S0 O gl (0355 50 0ad cua Dyl b oallBl opl g e

2 ologl & dmmilxo

Seeoly olass o logly s plad jo asly (ol pl jo s & ol b o
byglnl a5 bl oo s wgias plxil 5l 9550 9> 5l i sk
S L el gl a3 5,515 Como L 1T sy wialss s
S b &5 Sl opl ioele plaiz 4y ol Jlate oy Sy
3ol satial Jlade 05d o0 00ls ojlxl g oy b des Ojgar losh
a5 9 vy s g Rhie gy Bl s o wsd gl Koo
Gl Olosk (liee meiis 5 T Ll pslie (o g ovalie 5l ceslis
Ko &lyp b 0,90 TDS (F) wdss oF TDS polie oyl b .o
Fr Ol (V) alal,y 5heolazal b g M) w35 Ol oyx 75 «(B)
V] Sges aculona | agy lash

Blowdown rate = M x QD)

B-F

www.me-en.com

100

ouSs

OB ALy g o (5,5 (Sl el Ol g i e
252 5 35 Pl b sl e 0By S b 2 By o
demeily 45 il 5 slo Koo 51 (6l sl codlad 3L ola
e Koo 5l (g5 R NS T RUC SR C PP SIS ES sty BB
S 5l ags elien | g0l 6551 4l nogdle plogl Sllas S
cbrod gl g3l mo 5 Jeld (6,50 slaanie WS e )
500 oyl Ol (6,5 (Fw 5 Ggml il Caz 0ad o slaaize
ot llie ol S o Jress 3 0pt 0 Ty 3Rl 4335 O inen
ol sl by, (o z @ sk Glie 3233 (e S (o )
sla,lSaly 5 gl Sliles )5 S92 ge gl Jeily (plolid ¢ lade (pl
sy ales b sty cpl 5l eolawl g g, i ke

e S8 IS 55 2l ek gl wlels

dodilo

4 55l odae slo 0asS B I Jlow 51 pess o 4l slass
5w Jsiie Jlo b Yoz o il a5 (gloasS B pme oyl oo ol
3 &l ad,e IS 515 soo,0 03 ppw sile ol bl @ axg ol
o S Ol 655 B mae a6l ¥ e jshatien 5 528
s Dol 5 (257 480 Vb Joily ST £9o9 4 (Sl Lawste
At 3l 5o 50 oSy, ( Jlin gl [5iS j0 Bran
oy LT ooy a0 asyls 1y (5,3 sl el &b pas 51 gouo o
Sl pal s e lagl a8 el 5LV ol oo )o Y8 Laugie
O ) s 1 o fosh Jpn b 5 el o sl oo 5l 5
5 Jrily 05 dge 15 010 olyem 4 055 L1 (559550 (550
A Cuils azgi b 0,10 3925 piw lodily Lial38l g s> 48,0 sl
S0 40 630l ol Glo caw] Glogh Sldes ojlail 5 s ralS
(5T e i i Ol 9s9e (o GRIGH eizmen 9 35 sl o)y
Salss 6,50 Jolo b lo anie Joood 5 (aloed sl (0933
ks

Coo g Gleadly Giulidlklos b 58 ol e id g Cld
bl walem oy 1y B peg Ol 9 o 0 ,Sles

ologl | >
el ol cle ol ol e a4y 393 L 1) (SNl )5y slo Koo adas

— Lo mallsl 5 el sl g o ol azby ad) ol (i 5l ey

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



E o 2945 5 alo pu vl (Malliper WS (rngd Yl acgana

a9 GialS flogh 75« Soo Ol Jloy byl s Lias  odle o5 conline

Clil Cewd Sl 890 o (S92 Wdpe @ ol &

@l g9y p e

S 0g plosl Sl o 5l xeS logh e I ctws el 4o
Juisl co b 2als = Sos slo dg) oz (59, @) oS85 109700
- Ko leadly zalS T ad a5 i S0g0 &yl aalidl g o)l
Slgawy JUitl = O i 3 pgd JS5 ~ K03 poe ShalS g (F3,95
Sl oo S Byae Jus5 (Sl da i olfiepis (Sl claws
plasl 75 Byb slag walss g iy JB gyl o Al buﬁtjﬁ)l
b3l o 4 TRl T o3k ke (38 a4 el sk a3l e
S 4 )5 cmlie 4008 Ol 4 625 (e g gmml il Sl
JoB jlaie fpimed g ylog s O lawgd oo g8 (55,0 codds Jyoud
3w ool w0 ah sales olend slesogidl 5l e
55 Sy i Slyiead b Gl (55,0 Jlozo ] slallas

g mlae b Sl g0 o 0 a5 Ol ) Rie b S plosh el
S3hly; s olilel b oS caddle o ol 5 35 walys olyen (SHSas
bz g 65y Sl JBlas L oS (logh ange aball 4 lyie oud
oosh plml xS cleal, . il Css sl olyan b
S 5l b gz 45 el g, il s 45 0l Sgmy Silagil
o 30 Blae 1,3 a5 09 [al g95 a1y oo b TDS e 8o
G35 e Sz (oo W) opdle dllie cnl o wisks Of jpe 5l @ilo
P9y e Fee sk @l it slealy wlily plash anes Gl

el 0000 5 g pi oS jekar ity Sge Ol sh 2

B (ppm) Ko o1 TDS
F (ppm) i I TDS
M (kg/hr)  ais Ol Gy 5

&=y

2- Donald R.wulfinghoff, Energy efficiency manual, Energy
Institute press

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1092

Bottom blowdown valve

dogsya i i 5 S lagh VS

S B35 53 s T 55 T Jsle sl plal Sl (6,5 o3lasl (o1
3,0 9424

soalive Cgr o) S 5l ooliwl s TDST jpecis Sy coms — s
.IDS 50

9 90 L og s a5 S0 O 5l (6,5 iges Jawgs TDS auloee— pgo
SN alam oy (6505 ol 5 T s Sy i S
A anlys all abgy e Ll 53 polie ol 5l S5 o ks 55" LT

ologh plmil (5 sl by,
plonil cgr " Slegil Glog L 5 s (log L g, 99 IS sk
2,18 3525 gl wlles

Mavimum alowable T0S Mavimum alowrable T0S
[%} =
(=] (=]
= /] = Average T0S
= =
g heaeTDS 2
= =]
2 3

1 ] 1
Time in hours Time in hours

o Gloglr @l =Y loges Slegil logl s =Y loges

YF oley Goe yo0 S0 ,0 TDS cun sy J S sasmoglis ) jloges
i (=) Jlogas o Lagie 5 pasiSle M s alols zals . col

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool Jib oyl 55 eyl 2] AFAR 315 ,5 1Y = 1)
ICHVAC2-1094

(1]

R0 590 29395 Sleoy N Sodg o i (U 5)

Y . .Y V. P> .
(S N g ¢ (G gl It ¢y gSule Lo oo

maligoodarz@srttu.edu . ol>, apd olKisls ‘)lﬁot@l‘

sydream74@yah00.com «jgu s3> Cpwiige &8 25 (Yl SilSa ol 5T

Nnavid6850@gmail.com «yals cwdige &8 15 ¢ 559, 5 5y, Slaol olis 5T

ST ol o omiie Sl JUE gl b S o 53 azlir
Ol s &l JE gy ey G0l (odisd 0y b oS Jw)
3y Mbes mels G IA Glg b all Ghgdse by a5 el
ol =lga Cos &l o JUES] o o alo 5l — Slasein plo a5 ol
Gae,o B cusls algs  Sail jrals o)l > Jlasl S g o siss
Sl zals b ol 5law 5 Swil o)l > Jlawl 75 mels (oo tals |
JoS o Slee N JSE cudly walgm SLSL Gl F el oo

Ca2d go i | diged

100
- et
20 .
§n r/’
E a0 /
ia
4:
ol
)
10
0
O 10 20 30 40 s 60 70 80 90100
% of Design Fow Rate

s 35Skos Jogei ) S5

Tl (29 gy i

S ggeme boplp &5 (U Gl o)lgen B il o3¥ e ol o
ol 35 15 (655 0 Dl I 098 00ls Hgue i 5l sl o)l
oo Sl 155 el ol ol a5 ales Sl oo ol 5 eslil b
S SO NC W

Er S 3 o Ol el b ptees (pl o (J5S slaed
abal, a5l 4 ax g b amae 2alS L ool Wuls o 1) &l Uil
O UK b sl abaly (oS o 0 Ol o 5 &) Jll E 5
w28 1 Sl ol T gslans duo s daseine imie b (sla a5l ool
sb> Sy 4 Sl JESI g5 g b e &S5 > dal) &5 Sles
- 99 o

I ose 23 oL Jos 50 (Jy wlee Sy i plad g 5L ples
Ve Ul ax e 1wl al3El et Gk gs Jlad cdl (oS
ol aalil e atay JolS @ 5b el s e s jLed il s

www.me-en.com

&y

oSz

I, b slos M om0 4 a5 ele o Ky youd s S5 50
Qalss  Brae g5, (il el was (il o ol ad 4 g als
gl b oaaly 5o b g anl) 4w JuS laped 4 Gl oo alox a5
el b Guitle 590 2395 Sl Sgy0u i ged o)LBl L35 ,LS
5 55 Gras alS s o sles B! il &5 Sl g b,
5 95 sllan og b s 5 sl anlss 5o 1y iy ae
Gloe 2 555 0 Dl Sl Gl 4 a5 wes o ) Il onl 555
aged sl * el b IS Sy 51 Tla b Sy pgome

R 598 @595 Sl Slosy 43R (SS9 ,00m e gl Wlols

doddo

B B U S LR VLIS STV
b Gllas o)1 (6551 Bpas g 0ol ()] (6505 g poass (J5US oy 9,0
Ol ol Seigyaed sl e glgil CBLl a6l alad L Ll
.Mﬁ|$lww%g&z|gd§q@o@bb|#@l)

s V] leasze U551 5leay sl a5 (65531 Bpms odae o 4 a2 g
(oS sl ygige jg0 J S Sl g Sdg Sl e yiny (izeen
bass onl 5l (ol a3l @al3 1) bagie ol Copoe GG
eor s Eome d dlie (nl o aS Cul aie 550 @568 Sleey e
Al aslgs aSls ol Gl g ol

obls

JE! 05 oo 0aliisl O (g slo)S 5| Sidgyad slo pians o
ke 5 pgasts Syl iz e M 5l sl ol O 4 /3 Sy
[¥]doe 5l s ol po Ol ol azyo alS L ol

q,, = 4180 Q At o)
oS dpiee Jis ol a5l )l S b s by )l i 0l
gl Colus @ wxigd 35w b op)S Jw @/l o)l Jisl g5
5 f5 5 o Jew O Ol 4z BT hwgie (D)l Jlil
awsin g ol olss g Sy 5l (b &S Ol Jlil S o
398 en Olo (V) alaly &j90 20 9 30 (Sn Sl )l > Jlil zshans

q =U.A.LMTD ™

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

29° EF pem 3 Sasl pns (5 S8l LA Sl ol (555 5
boplp ol oo g plaaslo b (IS S (20 bl adgl dil> 0 it
b ole e sl Glajlae 51 S s (@00 65550 Sl e Lid 4l
ool 18 el dbgiye Jlae Bl Ll 55 ol e s g5 2 b Sy
250 e IS (Prae Ol wllax Oy (7) dlal; ;o G598 polie

ol aly 1) psie g Sl Gl Glaptans 51 S

)

2 ke gz Brae 555 LRalS LS el Ceway plB)l aslie
Srae OlF o alid (8l 4 Az b ol yie 550 @595 el
TV 1y @9 aliz cplply ol T (00 pow Iy b canlite cooy 5o
5 <8l dalgs alS UYY lie 4 Gy PBras Gly s ialS

b dalem Brae e TAN malS 4y e o0 V00 ialS e

&S A g Sy

oo S| conis bl pae a4 lg o0 Sl (20 i ulao
Gl (535 o Sl sls vl 5555 cudib DLl s lal 2k
5 kol ki b ol Gl 5 (Brae 55 S Ul pas pland
B 5o oge o)lil (5l sladne 5 (555l Bran Il ] &5
Wlitle $lajls 298lsz popdle (03l jiie (93 Slapiusw &5
S (o0 Dby 5 ) §98 Me (ol

podle Cow b

A (m?) coles
H (M) oy 22
LMTD (C) o) 8 Lagie slas D5
P (Kw) olg
Q (m’/hr) PP
Qw (W) &)l Jlasl
U (W c.m’) &) Jlsl oy o
g oidle

n olendl,
b i giy

m LP e
p e
&l

gl Cario dle = AC laysige 90 S5 — 5 p i — )
VE ojlad — VYAF Lo olo poge
2 - Ashrae Handbook — Air conditioning Systems &
Equipment - 2000
3 - Donald R.wulfinghoff, Energy efficiency manual,
Energy Institute press — 1999

4 - Erwin G,Hansen., "Hydronic System Design and
Operation" , McGraw-Hill . 1985

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1094

P 3 e ol oal 45 Sy a8l S o diiie ionta
g Ogo a4 S Sl b pled Gl o i ceslie Hlid cdl 88
& g pae lya 251 55 alinlia ol S L2 Iy 225
JUESR TNV PR NC IS JUES JE SRRV S
Sleodnns ST 30 cpl y Blas ol ouds JuS 1l SIS pas el
e o 5 95 ol WLsS 8 59 5 sla et o plas
S8lS by (1) el & 45 ol ol 5 8,5m o S5 (08 0
@ a8 y sles mals cel ol Sl (0 S (picn (slod LS
C.OP als a5 Lol cdl> o @ligl 28T s o, 18] oo b >

IRCEL PPN L CO0 IRV PES O I L GO

e 590 23595 Slaey Sodg R o

boplp Sbom ol (b Sless bawg Jhe | ks O piw cpl o
5 Wygl oo o B 4 'adgl dils s plasle b IS Sy oo
g 28l o adsl adl> 5l by (g o 4 g e pate 150 @55 Sl
(Y JS8) [F]asS oo qj98 WaoasS G pae oy

\ZE]
PUMP

ZONE 1 I{r
—_—
SUPPLY
MAIN
RETURN
MAIN

. S— ~—

e 530 22585 Sleay e Aigad ¥ SO

Sy wdlize lagle; yo )b Sglis g plessle (555 Coz 4 429 L
S goz b glie ©y05 4 by 2So 58 (gl o)lgen Gleisle )L (S
EUN EPCOOREP RIS BGH SOV PG SHOUva ] B KRV PE T S KV
b S bl 2 655 e Sl g e o b Sy el (o2
Sl b 555 0)lgen adgl dil> )0 00 igd (oo Db plettle
5 ooliinl Sge 5o b oyl Lulid e cplply codl Tagl ail> oo
Sl oyge al ol a baye bz 5wy i silse sloskr
o3 S 55l Gras alS pedle Sl (pl )3 s )5 e
slod Gl Eel a5 clb bz Slapiees )3 Sh9als bz Sl ol
2L aarg b ay Gl b dalyd a1 18 38 o0 piia 28,
CiS g 28y les S| AT WS o mbal 908 4 ) ol 20 e
bople s ol = Tk ol bk ol 5l el = OV ales o e

wiley Bl b e

3oy 4y 32
bl e (20 Sl bz el 50 Sy (Bpae Glg dule ol

le)b&éa|wbﬁ1ﬁoi&5mﬂu%‘5gow

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



D B
-

-_—
-—_ -

~

¢ A

www.me-en.com (SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



www.me-en.com (SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool Jib oyl 55 eyl 2] AFAR 315 ,5 1Y = 1)
ICHVAC2-1061

W5 59 g0 waigd J yiiS olliwd (J 508 i 5 (gl Al Jow jl solaiwl
SIS s ins i S B30 (et St

B stlirmo sleiogd b ,T ks plpecds & glh om0 gl owlod Cxs S dazmo Mg

elevestra@yah00.com daueg )| o olSiils SilSe  pudige &l ol IS sg2eils '

ourmantg.co@gmail.com 5 5455 oleysl o8 5"
dog)| ctao ol8ails SolSe ciiges 09,5 jLuzils

oy olEEINs SilSo owikiges 09,5 Lol |

i D90 Hged slad g oad ceal lojguin ous I Siless

([ @SE

wb; Sl S g 00l duad L;Lm”w' wolws )'l 6.{..4[.&.» Vs

SIS jgmman i Joxo (i
= oolawl &5‘& g ) J,‘?u S S ;a.L..'z.o b LSLQ U‘SB) )l
Jsse (9, 5 Sllre SVl Seelis Joo Ll (pyioge o5 05
Ll @ 25 55 45 90)ls onles 5 Lo g, ol 51 oIS 50 sl (5 g

ol oals ansls

" Sloloe SY b Sealizs Juto

SVl Seelipe Jos jloolawl L casdlas o550 5L51 jo Los ,gils
aalive (JS& 4y ax g b el oo ool lid 53 (V) JSS 5o Slawloxe
d=55 8 S99, Dl (BT A Sl e L)) S5 )3 45 090 (s
L aslie 5 (s el 5 58 sles i 1 (opposite wall)
30 58 gt sl oplplis sl ls 55 1 (side wall) il lgo
gl Coglgl jo (il led 4 Cend (2909,

300

2as.0

.-z?u

Wges glad calizee bla glod (yuss sl p CFD Jae ¥V U

* Computational Fluid Dynamics Model ( CFD)

www.me-en.com

onSz

0 o, Feoogas o w6 ol cole bayld o aiedign S sleolliws
P enSore DS sz e Slsls woly S coge Span
5 ol sleo JisS Cuzr dy ail> by JAS glapiens
sl ol @5 @ 5 Gyl Slawals & bgye (Gpas o8 Ol 5 852
Wiadgn S5 Glaptenm oo STy 3l oeSle Glalel Lyl
ot ly | libie (Sealnoga Jao Giagky nl 0 el auz
wal Joe o 2led BLI) g pleidle J3I g sl e (3280
wlad o ouls Jil dalaie ;o uSle awg ool o Gled 5 jgaiaw
@ @ls el 85 18 ) 5 adlllas 550 ¢ atiiie SlaSg b wiged
)18 T g Jpa (o128 Ja b (53 Caiblsn ooal S

g e ilSj5ige winlign J U5 sladlate Jue s ganls wlols

Aoddio
e 4 bgae g Gt (25,0 6551 Srae sl a9y 0394
e o e ik ) S e 4 S Sl sle
iaign S5 olies el et JSAT Lt ) e eleitle gloasly
4 Spas oS Ol g el 3 gl diadign o pae Baa LO.T.G™
5 g Spas Jalf laidle Sl gl Gtalol Lylpd bl sl
oo & il 0 455l 5 b (65550 > lassads g tals
GBI gt e o3 ezl claasly ST el ialul Lyl slos
oo s 3l o OB il 50 90 eal dlall g el o (oSl
Joe 5 4 Sl s s 380 e s i e slo
2 oSl OYolae 5 0l aisly yy (gladlaie - Salinsge s Jow g (golpiiey
g ot s (slad awain Sl 4 Cans e ol el 00l 03,91 ]
GRegi el 53 o3k opdy SBlasdl (o2l Glagiec g5
Al )l diged slad o sl oleriay Joe 5l edlind b ol

FOWI PR 4

s 5 Sl
b 555 o3l gl alidie (slojgais 5l i0ad (b (JSUS wie
0 elieisiz o ol sl plesle gl plasls J51s slse
o Sloe .l oads JSas olKiws U2l slos 5 2855 05 Gl ((Bras
ol 4 a5 58l a5l eolital b S e ilige b ik
MJSs 53 005 o L3 byl 9)n ol oo S (b sliaze

! Zonal Model
% Sensor Module
* Smart Heater Manager

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrban 41905 9 lo s oS (Mol il S5 (g0 WYL s oo

X=AX+BU, X=[0:0:0]"
)
Y =DX + EU. U= [IJA—] gk MmO Doyt Pexisy
@ : b, 0,0
Lo CI)5 s So (9,5 D E (lazél o Ul Jlop X
A=C4) - 42— 43— 4y)
)
B=[([CT'BC'BC'Bs])
S8 Gyl o Sl il 0dledly Sl i 4 A4, A39 Aza A1
S dsbe calid (ka8 il oL o2 2l lsp (b S5 4 by
al ozl 9o oy S5 Gl 5 O b ookl o sbas 5T 25 (o
)‘> L_r’)‘)> UJL’“ “"i‘fa u‘"‘ifL" )‘i’l“J “""")’ QB4,B3,BZ,BI w‘ L)ﬁ):J
752 Sl e pasle s Tz 4 o)y slsp 9959 (o le il T
0225 oy 2ol S L Blie (o)l Ly S g le s T o2
)oyh (z) oo b sl azly 3l 295 T slo ogi sl el T
il S amly o cm 3o Ql}:.o(sp A 9 008 sl 00 039 dllie Jol
Wl o Cand 4y alal) 5l aSamase ol
-4
0, =4.5d,Arx, o)
J= ol b F i £55 Ll e (cwiin slogallld 1 oS
Lo e L3 sl 0y ol Matlab Simulink b jo aoles
3 ) ole0 o (los g ouds Jladl dilaie glgr 10 Les g (g0 Y o
Y| S L [v] &z 50 O9zge aily,
5 800 Djeo 4 bl 0 ,g] Caws 4y 5 Sl glad o SYoles >
sasles asilg o aS blai o o= Jgae s CFD lodoe b T acslie
gy Catblge a5l 0ayd T astine wiil GBI S 40 jsuiin cual Jore
D9h (oo odolie g3 4y ond S5 (Lo (Bs, b5

Sllasl JJo an (ol dahaie  Seelinoge i (J 7S pinen S 5l oolainl
sazly slls 5 (555 sle e Ly ages slalad sl sy
Sy Se &ly 5o gy onl Bl (oo Sl O g 4 e giale)S
SleeS 5y (LT awaie Ol sy 4 comnd a5 cenl (goae - Ll
bad Gl ol Jlay55 5 oY g pdy SBllasil jly (2le S slaasly
bl JA 5 IV EliS,] gt eal oo (05 elin (g 2 390 A0

&l

5 b Gl Jlden wsemeys 0l pudems Slgx V]
O il g0 Slee cwyy 9 OTG arainge J,u8 olfiws csls
"S55 e Dl Gl i 5551 B e

Seolaral Sl5 e Lien gezmeys 0l ¢ pwmdeza Slg> -[2]
Jelo 53 (Sogmin Jode (225 9y 5 Flemlre VL Sl

"l gige diadign S olfiws o ,Slee
[3]- Riederer p,Couturier S, Marchio D . thermal modeling adapted
to the test of HVAC control systems
[4]-Riederer p,Couturier S, Marchio D . Visier JC. Influence
of sensor position in bulding thermal control : criteria for
zone models . Clima 2000 , Naples , Italy , 2001

www.me-en.com

Seodl i oyt el 2 ATAR 31,5 V¥ = )
ICHVAC2-1061

Sogdow J9do (o225 Joo
@olsS g hsS (8 (699, Ll 0 g golani ol gy Jaw o
LSJ—:'? o)'l..x_§| dLmLao R PR 4.._9; )Ja; 5 W) Jla...:l 6[..55 )SJ.A I
Lo gy loms 50 00l e slos Sk o loged o ngs sl ol
Cdlego gl calizee Jloges 9o aimane lis |y GG 5S s

>V

9V, wall

air
loges 93 (W oo 4y 4z g3 b el 0 oy (V) S350 Vo SV
SLad 5 5,9y Hlems 10 adly Heiw lawgi cad (5,5 ojlusl sles
SO VA sle (oo 10 6,500 5 Y gy S ahadi 90 0 (555 0

ieigiien]
hasgragm]

1]
R N L]
l Tenpearar 1]

cilizee lelis ;o GBI S 50 5 (50 20 & bgye (sl sles Y S2

! ailio (Sl dgo i Joo
9 09 (50 el Sz gS Wiz & diged glad Joo (nl o
03,50 o 2l (sl o (555l g ey gliy Yoles Ll o

* ZONE

sub-volume

sub-volume | /e
.~
/e HEAT SOURCE
A A /

Interzonal airflow

—— —— Conv. exchange with surfaces

EXTERNAL CONDITIONS

————————— Heat exchange with source

— - - — - Freshair supply

o paseia slo 02225 50 551 9 oy JUS gk £ o

(DI 4y arg b b o 5 ooled slp Seoliyoge 5 Jsl o5l8

PCwln) Oyge
' ' -
49, < ) ! .
i €p dh = Zn‘:}.,,c,.,arj - Zn},“.c,v. + > gDk = 9)
LAy = =1
’ ' >
— Mlox,piCpPexir — Megp ipCpthy T+ Py
rel =1 )

zobw sl M dLapzes 55 olaws VT YO WP EE SUWE )
:m)lodbdu.é)ow

! Subvolumes

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)

OB oo g o i

=

OB a5 S b

VY Sgeome o Sl Lo
c
Y ooz (T
Yy r“‘)*’:’, ‘o.>|)"5i;>
YARPOI IR SR VES
c

VYO ol e o S5 Ll

VOY ol g0 ¢ bl >

IA) S B EOUWE P S DV
WY e o>

Vo) Al o saling s
VWA o o gl x>
VOV el T s

TV deswe bl

VEV ols oo e o

YA Ol oSy

PV gl o Sl

MY ol 3 (25590 (ooe>)
VYO doss 00y (ot

VY 5lose Sy

VS S e 598,

N Il (Db S,

VY ST demms ool 9z 20,

www.me-en.com

Y

&l
PV pddls gyeesl !
V e S s
Y aly,8 gex!
VRLUAFY o) @ esose csolles o5
WYYl fad o loxie (g oSl
YO plo o ool
AY G155 o5 )
V1A dgemxe o Lidl
VEY el ol s, Ll
VY pile (s,lassl

Y1 ola oSy
OV o o Slow
PV el pgeaslsan

AL ol s e lowsly
Y Slgz o opelasly

/\VM‘GU?

W Gos ol

VY oz (S0 (5 yhnx
VY o oS0 ol ynx

YWY sgls wmg (D>

Vo) g o ttl Jlan

AY 0.4)95 soéj.tb|5.?

(SplSo owrigo) Gl 9 ool 9 Ol (sl oL



www.me-en.com

Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno

PV Y b o omls
LTSRN

10 e« gllae

VY o 50 wol3Joue
WYY s o lae

VOV VOO Lo joeme ¢j,06% e

WY Jaillgl ol
VIO s D

AR IPATARRVE SO E
YW o oylond

YO oy (60,508 (5 pad
VIV Sazeo  Sug38

PV oy s <58

1) o olabls
AD o250 525

WA e pales

VOV 100 S ¢(§ S
BV &l lawe (Lol oS
X Jy S

YA el ( Jboz 2l

A0 (h9)55 «55985

4 o|5__> “5;..0..\.4,.7:4

Seodl i oyt el 2 ATAR 31,5 V¥ = )

OB My 5 Cans 0

o
WA ol ales b Yl
NN RVESE NS

Y40 TY D e sl

Y4 ..Y0 YYD UMOJ.W (G

VA Rk cgopnw

[ S R VS TN VPIW
VPV Comm o gulads

OV Ljske ooty bl

VA Lo jaesme dumw ¢ p0lgz> du

w&
OV Gl ¢ lgmnget

YV Lo, el ¢ Zoigelo

V4 amw ¢ ilorad) Bolo
VYO oizmo ¢ oleyom

VYV ol ol ( SG0E Bos
JAN S VESRIP ¥R W

A AY s g las

WY O o molio

P
YA dame o B,k Lluls

b

DY FY gy sy o0l ol
AR AV Lo joes o ool 2l
Y anS> o olo b

Y gl o Jole

VO ST e vomr) e
OV ol e o5 pole
N N Lo (Sl o bl

(SplSo owrigo) Gl 9 ool 9 Ol (sl oL



£ o 22385 3 Ghalo i ssinlo S allipns 1S (o> Yo 42 gozmo

ool 5 1yl st o3l pl ATAQ 315 ,5 V¥ - 1)

OB oo g o i

)
V1A s Sdezrads (Ggud
Ve £ ol )8 ol pas
VOV VOO dg ¢ s
Wosihas (5,9
ARSI
YO Ls, yual ol

9
V"t .JBM ‘6"\"?5
VA ders 85009
av ‘)LM’ ‘65:5 )911«5‘5

S

www.me-en.com

AARREESCRIACES
ARTETRES

VY Clag oolys, K

VO el i e

YA ogls cgaeme She
WYY o S 45y 9000
g
INAJRVE PR (PSS

VA o cols> a0
VeV bl g

VoY AY FY e jalie oLl e
B Loyl ¢ e Yge
V) 2l gl

VY JLdse ol e

AY S92 omeled (2l e

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool



Egrbao 4905 9 lo s oS (Mol il S5 (o g0 WYL s gorno
Semodl 58 oyl 308 el AT AR 31,5 1F = 1)

OB My 5 Cans 0

(SN (35 s 95w 10
A N
Ahmadi, G. 73 Najafi, H. 105
Akhavan-Behabadi, M.A. 105 Norvaisiene, Kristina 11
Nourmohammadzadeh, M. 69
D
Daghigh, R. 45 0
Delfani, S. 81 Ommi, F. 143
Ooshaksaraei, P. 45
F
.. . P
Farmahini Farahani, M. 81
Parishwad, G. 13
G
Gilkhani, M. 135 R
Golkarfard, V. 117 Rahnama, M. 69
H S
Haghshenas, S. 143 Saidi, M.H. 21, 73
Heidarinejad, G. 81 Sajadi, B. 21, 73
Salmanzadeh, M. 117
J Sinkunas, Stasys 11
Jafari, S. 69 Sopian, K. 45
Jafarkazemi, F. 135
M

Maerefat, M. 81
Miliauskas, Gintautas 11
Mohebbian, A. 21

www.me-en.com (SwlSo (sawripo) il o ool o Ol Lyl ol




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




