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1 Combined Heating, Cooling and Power (CHCP)
2 Building Cooling, Heating, and Power
3 Power Generation Unit (PGU)
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1 Chloro Fluoro Carbons
2 Absorption

3 Adsorption
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L Absorption
2 Adsorption
3 Absorption Chiller
4 Adsorption Chiller
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! Coefficient Of Performance (COP)
2 |sosteric heating

3 Adsorber

4 Adsorbent

5 Isobaric desorption

® Isosteric cooling
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! Isobaric adsorption
2 Heat of adsorption
3 Adsorber
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1 Specific Cooling Power (SCP)
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! Relative humidity
Z Air Change per Hour (ACH)
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Calculation Time Wednesday, April 1, 2020 12:20 PM
Report Type Standard

Latitude 35.69°

Longitude 51.42°

Summer Dry Bulb 39 °C

Summer Wet Bulb 24 °C

Winter Dry Bulb -3°C

Mean Daily Range 10 °C
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Inputs

Building Type Single Family
Area (m?) 68

Volume (m?3) 254.36
Calculated Results

Peak Cooling Total Load (kW) 7.27

Peak Cooling Month and Hour August 5:00 PM
Peak Cooling Sensible Load (kW) 6.883

Peak Cooling Latent Load (kW) 0.387
Maximum Cooling Capacity (kW) 7.27

Peak Cooling Airflow (L/s) 4235

Peak Heating Load (kW) 6.387

Peak Heating Airflow (L/s) 526.8
Checksums

Cooling Load Density (W/m?) 106.91
Cooling Flow Density (L/(s-m?2)) 6.23

Cooling Flow / Load (L/(s-kW)) 58.26
Cooling Area / Load (m2/kW) 9.35

Heating Load Density (W/m?) 93.93
Heating Flow Density (L/(s-m?)) 7.75

S & lesslw slalas (o9 9 ()l 5L F-T Jou

Space Area Volume Peak Cooling Load Peak Heating Load
Name (m?) (m?3) (kW) (kW)
1 Bed 9 34.48 2.568 1.308
Room1

4 Bed 7 22.97 0.937 0.983
Room2

2WC 2 6.83 0.103 0.209
3 Bath 3 11.14 0.159 0.321
5 Kitchen 8 30.67 1.917 1.187
6 Saloon 39 148.27 2.367 2.379

AR



file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-0
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-0
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-1
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-1
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-2
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-3
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-4
file:///C:/Users/sajjad%20zahani/AppData/Local/Temp/ILR10.htm%23SP8888-5

Ol b (8 pan &y ylado 9 (B pao p ST e b mbs F-Y-)-Y
B9 pgw Jad ;o V-V Jooyd 4 axgi b Sran ﬁ)f%j a bgye Sl b jlade F-F Joox o
el 4385 )18 drslne 3,50 V-V Jgo 2 & 4z b ploisle (3 yae

ool (b pan (31 9 b pao 0 50T (Flp> b F-F Joux

KW' (S pao & 52 KW' (8 o o5
¥ VF108

P2 G510 Bl Hgige g ilume gl F-T-Y
Slastin (pl dlawly 4 45 Canl 0 08 551 00l (6 jlwans J31s Gl jgige Slasuine F-0 Jga ,o

ot 3355 o ool s SIS ] jsise eyl (sl e ¥ Lo 3 ot )] slo g s

el 0ol &l g 5lwancs cpl 5l o] Cands polis F-F Jga o

[49] 74 510 31yl y5igo Slasiia F-0 Joux

AIY 2 o5 |y S
e RPM 5350 539
FEY. . kJ/kg e g by (515> (93!
A¥/\ mm ke 315 ;s
A- mm gl 4l alold
¥ yoadew olass




A1 3l Haige gilwand (29,5 polio F-F Jouo

A K 29,5 sl 55 slos
Y/ YA kd &9 sl 18
V/AY KW (g 59550 51 (g5
O¥IA KW 29,5 olgs
SVIA KW 29,5 555l

S35 w275 9 p9d 9B (gl (B 003l cadgl S pmme j0 (65,551 9 65l by (Sie 4 axg b
ML’LSA OMLfm J.bl.‘) \‘—V Jj..).? )Q 45 w‘ W) ML?LA )949.0 )Q

1 @l el Heige 30 (65,551 i g p90 (Pl (Jol (el 0oL F-V Jou

KWs5,51 w58 | Tpgd hgild od5l 1 J3l o938 o053 52
Y/ Y YENY 10 s

Sl 00 ML?LO V?—YJ}AP L 4.’>5., l; ‘51.‘>L> d‘)‘“}‘ )9.,5,4 4 (6999 ws_uu LS’L’)} Ls)))f‘ [y
il o VOVA KW L il a8

B oy S50 o (69959 S aw (65,551 4 cand 1y (65,551 Jlog e Sy jelaie 4y e g
LYPIY L y8ge (29,5 Ol e 1 PYIAY L jgige a0 bgypo o )58 g (2 yicdion 45 (ouold
il

LS bl s ¥-7-7

s Wilgs e 1 g el sais > a5 jlade (g9l Vgero 3l il slaos gl 5 51 fol> sad&s ol
S 0 et alads (YU jaussl @ adss B Glasl slees gl s gles (o pl 4 il ondye>
ool & ar b ab 4B S I s o e gles 51 L | Lo Ve °C 0l ilo e 50055
Slan 48 Ol oy i i sl elsl slos « Cobia (plsonss J3o,8 b (552 o 3o (51t s
Al oo Cemay Al oo it abads sleo

sl 00l 00ls abgs o Joue Slasuice F-A Jga> o

£\



cor

&l Jome (Soolooge yi wlasuio [F-A Jgu

fAY KW @l > Js!
¥ kPa oo jly 52 L
VoY K Joso 41 (99,5 sbos
YYvI# K Jowo 3l 29,5 sloo
ATARIA kgls 02 (29

o il (i Hlae! ¥-T-F
Dz lz dm Glale s piaes oy p 4 b sl S e 4 bgs e (5 gl (50 5] ey 1
S 50 s el [27] ) San 5 Ly allie (g3l Jan by 093 (g5luJon lal 5 slo o oo (b

1.4

1.2+

0.8f

0.6

0.4F

0.2F

nnnnnnn
uuuuuuuuuuuuuu
a” Pe%80cnan,,
uuuuu
nnnnnnnnnn

40

30

114 70 80 90 106 10

Thot [ C]
ol sk Joo

120

el 00 03,91 F-1 s 50 ool s

1.4
¢ Adsorption * Desiccant & Absorption
1.2 A A
14 l“ A
0.8 ‘4
o 0.
8 A
0.6 A
A
'y
0.4 1 X X X Xk ¥ x X
0°W oo coooboccolooooh
0.2 o
O
U T T T T T T T
40 50 60 70 80 90 100 110 120

Hot Water Temperature (°C)

Ly o

8,5los u pb 31 (6999 PN Glod w5 F-) S

41



(Tl @i e il gl F-Y-0

¥ Jad a4 bogrpe ¥olae 5l ede] Cands ol pwyp & Jb o s Gdx L i Jlael 5l e
w210 oo ol 0als atings o] S EES l33le 5 L aS

5 Cowl 00l 00,9] el a8 5 18 ooliiuwl 0,90 (gjlwdnd glp A5 (b polie -1 Jgax o
el 0 08,591 (65l ;o oolaiwl 890 slales F-V o Jgax 0 piman

[27] 5 5lwaunis 61y o0laiuwl 3590 (S jud polio :F-Q Jgur

Cam -[FEA kj
kg . k
Mam Y kg
Mg \4 kg
Csg “JAY - ki
kg . k
Haqs YA-- ﬁ
kg
Cpv SARIN kj
kg . k
Cow fIY Kk
kg . k
tcycle A S
UAags \ 11‘1
k
q° Y00 kg
kg
k NE -
My, ¥ kg
s

Silwdaads o oolaw!l 090 sLod :F-V+ Jgu>

T, K °C
TC Yq OC

4




Tw.cool

Yy

°C

Tw.hot

°C

Sl 3l Jools gla,lages F-Y-0-)

Ol @3 i bod 13U cod Q3 S s ool Ll g i ole Jlw Hladte F-V IS5 0
Lol Oldos ) aladi 5l w45 Lo,S ¢ Jlow 9955 b el Lles S0 j0 a5 jglailen .l 0uls oolo
olyd lawg cod ds Jele Jlaw plod sy oo Ll > o Ll g0 dlaii 4 a5 Sloj b oy g9,
alags .ol oals Jole Jlow 51 JB Q3 Olyd g ) o Sho 4 S0 5k g ool Lol Q>

ol iz Al e LU a5 F a4 oS Sy b ogd so g9, > .A..ﬂjs Sy Jlow 39,9 L Y

AS oo iz 03 ) Jele Jlew (03> I3 loase sy o0

0.2 T 1 1 1 1 T
1.

2 015} \ ]
=3 \
= A \.
(@) \
.; | .“ 0.
(4] % \
o 0.1t %, N i
®) - ..0 %,
(5] % e,
o] .. o,
— o \,
o % %_  Desorb
% [ .’.‘g ..\o
< 0.05} “ Ny ]

| e o.\.

Adsorb ~ L
0\(.\(. ..\..~ ..N.‘~ 2 :
- 3 \(.\ ®-0s.0). 9®00ece
O . . ! . . . ! . . . . ! . . . L . . . ! . . . .
30 40 50 60 70 80 90

Adsorber Temperature [C]
i §lod il Cond oud Lol g wis Jole Jlow yladio :F-Y S5

#¥



Sl Olydd (qwy ol oals ool lis 6,5 S SO jo Q3 s sles Ol s F-Y K o
ole o oy (i Conl a5l nlsl g jgunilaiS e (oLl (sl s 05T Sloj o s go (yLiS s

il ggrd gl pe Gal 51 CBSS 5l g S oo i 60l et b i slos il oy iale)S
Sl i gl 5 oad 5l ysilnlel g jemiliST b G 5 a (LS sl el i b L

90 [ -&. é‘-“((' T “6«'
[ § & &
s o 3
4 s s
o sof ¢ $ $ ]
b - e ] 7
I ! . [
e 3 7 L rl o ,.’ ¢
S ol 4 ! !
b 70} ? ° ° .
— [ ? J ] ’
3} i ] I I
e 7 | i f
S [ J ° 7 ° 7
(«b] 60 B l. \ ° \ [ ]
=1 . ¢ s ¢
— [ ¢ \ . \ .
3 ; : : 3 :
= sgof ¢ ] s ¢ ’
e} | ¢ L] ® ° ®
n ® ® [ ® .
S 3 [ B * ‘
< ) " %
40F %, %,
[ % (8
'w
[ “ea e
30— S
0 500 ] 1000 1500
Time [s]
6315 S s 33 3Ly (sl i F-Y IS

<hd e Jele Jhw G jlase odaw Qx> la L o Slee jo 185,50 jlews sba )l 51 S

L g ol ool ools ylas F-F Ko o calies slagle; jo wds lade jelate ol glp .l 3l
e i ) Qe pley Yaere Canl jeuilasS po Lad 51 5 ol jelalsl jo JLad &S ol w4z
> gl 1y oals a8 )3 a0 Lo ¢ g slaws o 45 0als ploil (giluands o iz 2 0,5

O & (g 9 2 S ol eSO B (Gl G L) <ol p 2 ooy (lao b 2ol s

ol 00 00l isles JK5 53 (M caend Lsisli o2 inle S el plea b iale S

F0



0.2

1 1
| | [ ]
_Sg’ 0.15p .
= \ _
l@)] [ ]
X H
] [}
(@] I ]
2 i & \
] | & o & o &
x 01 s s S
° & e & . &
o] S \ s | J
be) \. P4 ) P4 ) & ]
o \ s | s \ S
o \ ® ® ° ° °
2 : $ } { } ;
[ ] > e
< 005 % X s X s 1
. ¢ ° : ° s
® . ° . ® <
v g i s i ;
i s “wws “ws
O . . . L . . . L .
0 500

1000
Time [s]

Lo ‘_gl.bcﬂ.o)‘ 30 @3l gy Jole Jlow o Hlado (F-F U

axgi b g .o oo lis (5999 ‘ajf;,ﬂ slovwarg bl Lo oS Ss g s F-0 S
b oo il 38l 0aiS S lg (889,59 o5l slod ol b aS auy amit cpl 4 olg5 o JSCE

s anly (§89,9 IS )l 4 0 Shae o po BWS p oaiSSUS g a5 pla axgi b g

oo 2l 8 50T slos (533, YL b o aalidl & 5

55



Qrer [KW]

10

60 70
Thot [C]

WIS S (g8 59y 2 5T glod U PO JS

80

4 azg b s oo lis 68959 p S0l Gled 4 az g L) Ll o Slee o i F-F IS0
5 abioo Gl eo 0 Slee oo o S0l slos (I L oS s e (nl @ ol S
Ao 5o 3lr dlge iz b b il el a5 Gl ool Lol Sl aym Liall ] o

Y

SIS

90



1 1 1 T T T
osl i
ce00000000000000000 eeccooenn.
N 06l ”’,...000 [ oooooooooooo......'!
O o°
O S
0.4} J -
L ./
]
02| ]
-
0 I / L . . . . L . . . . L . . . . L . . . . L . . . .
40 50 60 70 80 90
Thot [C]

S 8das cu pb 59 ¢ p ST Glod 3l :F-F Ui

osnlie F-V JSL5 ) a5 jshailon iy o (201 s 9,8kos oy 0aiS s Ol (slos 3Bl L
308 0,8 ).o.ﬁlé Cov Jole g0 awg 0aiS S O slas Lal38l 3150 0 Shae oo 09d oo
D o Sl S 50 S e sl e S5 By 15l o 2 aazS S oy o 5,
Lls 51 (Sl ,Shos gy G20l il o 1S 55 Lol (slos b iy Sl 51 Bl Sy guains
Sl 005 Sa3 Ol glos ol38] 0 s 00iiS s )lg5 o el 090 ale (59, 2 Jol Jele

FA



o2 mmm@m™m™@m8 ™ ————7—+—+

06}

0.58

0.56

COP

0.54

0 . 5 2 .'"o,. .

0.5 ey

osgl — .~ . .
20 25 30 35 40

Teool [C]

S Slos Cu b (59 2 OSST SCS ol Sloo il :F-Y o

OLis Sl aaiS i i p ) Ol e 4 (63955 oo S O (sles s 5 F-A S
00 ST3 ol (69959 sled 1y b oo 2alS F KW 5l aS s A KW (WU 5l 0oisS S5 (ylg5 000 o
Sy en el g, YL Gl &)l a0 4T jab> e Cdds ,0 b e (il T CC Y °C )

RYWRERCARSUO P SVOX P T 9

#4



10 T T T T T T T T T T T T T T T

. 'm"-. |

E 6 | .'o....‘.’.. .
e f...,.,...’.

5| ....,...‘. i

J .......,..._‘

3 . . . . L . . . . L . . . . L . . . .
30 35 40
Tcool [C]

RS SCS (4lgd (69 2 ST ST g,:T Glod il F-A S

was e 5 050l Dl oz (99 i b0 yShes oy g oaiIS SIS 55 (59 2 (stebie Dl
@ ad Sl cpl o 8 FOl Gl > ey (o0 Sl sad sols las F-9 S 5 -V S o aS
rlple ¢ B9 oo D3l & i gloS el 4 e 95 o 1 el 0 S OT (63955 slos (238l
Cosl 2, 5SSV (5lotnnd ) o3liisl 50 J5liw oz a5 bl 5l el alie 55 by _cimeie g,
VIVOW Lo 5 (ol oa a8 8 15 o sloisle iale o Jb i 4y 4o g b 50 o> i)

Selie Sy (s 3 g bagd Q3 0 5S040 caiiS S



.

COP

Qref [k\N]

7.5

55

4.5

oo

coee0® p
eooe®

eo0®

0.2 0.3 0.4 0.5 0.6
my [ko/s]

oIS S olgF 69y 2 5T Ol oz (20 S PN IS

0.58
0.57}
0.56}

0.55}

0.54

oo
escevee®®]
se 0
c0®

.0.2 0.3 0.4 0.5. .. .0.6
mw [Kg/s]

S Slos u pb 595 ¢ SOl By o0y (0 JSU PR JSS

\A



OlF Vb s o Hlid s 0aiS SIS Gy p 1y Lol —0de as > oley b F1Y S
ol a5 olKin sl aglh YA+ B A+ osgamme o Loy b agli VWe _Soop 0 wili e o0iS S5
Ol 9 w3 sed &) it Ll jeb 4y Lol g Qi gl (S lej ¢ il jaS 4l ¥ 5l as
wdz Ly loe 2ol 0SS Ses plg ¢ ad iz 5 Yok slagle) sl alioe S5 cas Ses
Pedse 0diS S (g RalS 4 i a5 300 (eS8 Sud g Cend 4 S0 L Ll
oli8l gl so oole L FVY S j0 a5 jghailen a4 > loy b GBSyl 4y o Sae oo
b os,5 oo Sl ol (ot a5 S50 ) a5 2 yiden Oloj (b (6505 lo)S Jlade s e il oo
FYL slaglo; sl oS sy oo Sl @y izma gl Gl it laple) 5o 0,Sles po i

Al asls dslol jelailes ¢ Cowl oud a8 5 LAl o (gilwacd (pl )0 A5 (60150 A Cand S > pl

1 2 T T T T T T T T T T T T T T T T T T T T

T
~.
.\
Q
L

10}

Qrer [KW]

2 . . . . ) . . . . ) . . . . ) . . . . ) . . . .
0 200 400 600 800 1000

tcycle [S]
RS SCS ylgd p Lol g Lds a5 12 loy Wil P SCO

\Al



Ol7 i i i i 1 T T T T 1 T T T T 1 T T T T 1

0.6 .

0.5 o

T T
— e
L

0.4

COP

0.3

T T T
\.\.
L

0.2-/' |

0.1} -

O . . . . ] . . . . ] . . . . ] . . . . ] . . . .
0 200 400 600 800 1000

tcycle [S]
Oy dos cu pb p bl g 0oz a3 2 o) Wil F-IY S

59551 5 Gl rse ST (sles (I3l b &5 28,5 i lgise TV USE snlin |
GBIl g8l (65,58 w58 L8, eSe (6,18, TV IS )0 (65,551 eo3b Jladie (piomen 9090 oo
Pl e 4 639,59 p 5ol sloo (il B L Al az i b il oo (200 (55,55 003k p ST sloo
a5 ol glalsl a4 955 o T Lo Jlake 5z (Js wibies SRl 99955 Oz 55,551 e

b als (65,55 05k Sgu oo el o aly

Yy



Exergy destruction [kJ]

Exergy efficincy

7000 —
6000-
5000:
4000-
3000-
2000-

1000L

0.24

0.2

0.16

0.12

0.08

0.04

40 50 60 70 80 90

Thot [C]
52551 w5 59y 2 e ST slod pSU FIY Sl

50

60 70 80 90
Thot [C]

G3251003b 9y yr p ST Glos p3l :F-1F S

\Al



SolS (65,51 o8 ke s 4 (699,9 eSS Ol sles Lzl L P10 IS sanlin b

GRIBIL aSTyz 0)lo (o3 (6dg) (65,551 o 25 wiilen FNF SS 50 (65,551 0051 (izred g b oo
2§ 9gh 0dx Syue 3l (S polie 05l o el Gl 0 jias 4 (539,9 0aS SUS O (sleo

Iy o7 g, o2 85,551 003b 80,5 oo Eel ol prod a5 Bk holS saiS TS (g5 jlake ass

Exergy destruction [kJ]

6500

(@]
(@]
(@]
o

U1
(ox)
o
o

5000
20

S b

25 30 35 40
Tcool [C]

‘53)}5| o x5 (69 S S uT ‘Slné ).ul.v ¥-10 JSu»

Yo



0-1 ' ' ' ' U ' ' ' ' U ' i i ' T

0.095}°

- ooooo.....

(&) "o..

.E ....’o.

o .’o.. |
E 0.09 I ....’oooo

[¢D) ’o..

> | ..‘o.

) ..,

B I .'..’o

C 0085} _
|.|J i ."'o....‘

0.08 S

ooT’L_
20 25 30
Tcool [C]

52551003k (595 0uiss S O (glod il P17 S

Slo5 G ol onin 85 poilan 5 ol a1 55,557 005l 2 e 5 ¥V IS5 s
O e 4z iz YL lagpley jo oS cenl cnl GlBE Gl s 5 wliee 218 (65,551 eo3l:
033k e a2 oy (Al L B 00 S oo crge Jole (rren a5 GR3(0 E) e SO (S5eS

e Gl 55,591

\g



0.1

0.095

0.09

0.085

Exergy efficincy

0.08

0.075L

200 400 600 800

tcycle [5]
S3551 003k 59y 3 Ll g Lizr a5 2 oy il PV S

1000

Sz sl e 53555 p Sl Gles 13l Cod lojen G e JS 005l FVA IS 5o
0 ST los 33l L 45 sy aess ol s lgiece S 4 4355 b sl 0 03l Lk ooxlas
53535 5T los els o a5 et o yd e wilan i S a5l
G yo N>y odiiSSes (lg S pl A az g b ogr a3 e NS oS johailes 5 b oo 2l

b ood 2alS 0 50T sles 38, YL L o] ial38l 000 conas aitasly (639,59 JS &> 4 o Slas
0155 45 1z 335iee plason g s S 033k iul3il Sl saniS St ol ke Sl 5
Bl g s JST 005k (59, 2 )NS50 gl el il 51 (S e S

Yy



0-62 T 1 T 1 T 1 T 1 i T i T

/7total

0.6

0.58

0.56

0.54

0.52

20 30 40 50 60 70 80 90
Thot [C]

Olo o dd gl wiumman JS 0330 595 3 o 39U 9 yiunns 41 (53959 ST slod Sl :F-1A IS

s 0d> Ll s 4 (699,9 oS S Ol sles U Cot w5 003b TV S o
0SS Ol slos ol38l b aS sy aseiS ol a4 o)lg o S0 4 a9 b el 00 ool LS
a2y 5z Mo SRl S Sis plgi ol glos (lBI L a5 2wl po (8l el S 050
a5 AUS TS Glgd Azl (0 9 09l > 3l (65T polie 09l co el 05, HYL i gles
Gl 01y S o83l b predinse abal) g wBl g e JS 035k (55, 2 LIS 0 sl gl (S

il G2l 02 s S5 033 ] b 4 5 0L

YA



0.64

0.62

htotal

0.6

0.58

20

Teool [C]

30

40

Olo3en gl mimmmw S 003L (595 3 0] 1S g i 4 (63953 ST S O glos I F-IA S

&S jshilen .l oo ool ylis 0, 50T b ey (20 WU Cot pitans JS 005l TV S o
G381 a8 L b ge G5l s JS 033k T 0l se sz (20 I3 L oS snnline (g oo JSUS )
0195 9 9,8es o po il Sl ol e g 358 00 D3l 4 piien LS el e 02 (29
e Gal38l e )ls pcs S 003l b i alayly 0aiiS S5 lgi a5 Ll 5l g 00 )5 6 0aiiS ST
935 e e Al s IS Gl el 08 S

A



Ol62 i i i i 1 T T T T 1 T T T T 1 T T T T 1

0.615 B ......oooooooooooooooo’ .
0.61} ]
! e ]
06f i
s ./. ]
J
-/
i

o5 b - .
0.1 0.2 0.3 04 05 0.6

rhw [ka/s]

Olojod Sudgi e JS 035l 59 3 p ST by g0y 195U F-Ye USO

a3 oo LS Glojed adgh i S 033k 595 2 | bl g L a3 2 pley 5B FITY ISCE s
Sl B Gley c all yialieS a il Fe sl as > oy aS oK il oo adrive S0 5l S jghailen
SYsb slaple; ly oo (R aniS S s 5 aad o0 &5 i cald; sk Lol s i
& oS D (g Ceomd 4y o035 L Ll g Cdx 15 b pe GhalS 00iiS SIS (g5 4y 5
3O s JS 005L ralS cely o2 ol e g 35 o0 0dS S lgi alS 4 e a5 ol

Bbes § Yok slagle;



htotal

0.64

0.63

0.62

0.61

0.6

0.59

0.58

0.57

200 400 600 800

tcycle [S]

o308 SalsF s IS 0338 51 bl g i &5 2 ko i F-YY S

Aoz s 4 83955 p 50T (sloo 1l Co lojen adg s S5 (63,551 005l F-YY IS 5o
Sloo iuli8l b aS ) aoecl pl 4y (led s IS 4y 4z g b .l oalls ools (Lis e i
S5 s S5 (55,557 033l arlns o a8z il o GRI3EN e JS7 (55,55 003k 0 S
e slos T3l b 85l 0 55 b 5 s il 5,551 6 o By e
Sy 2l led Jlaiie gz (s wlios Gl 69905 Olz 65,551 e D3l e a4 (699,59
o33k ;o Lol by (S jlz )0 (65,55 005l 995 oo Sl conls azils a5 culi gl pll 4y (99959

Comd Gilo S )k (65,551 9 (29,5 Ol e (iale s (65,557 5lake 53 09dle s JS7 (55,55
35,5 oo sl polie (pl (585 a3 10 oS Cal 418 )5 18 anlone 9590 (95,9 g (55,551 4
b ol ta)f;'j oo 15l Cot g JS (65,551 laie

AN



0-501 i T i T i U v U v U v U

0.5

hEx,totaI

0.499 - ]

0498 . ) . ) . ) . ) . ) . ) .
20 30 40 50 60 70 80 90

Thot [C]

Ol o Ao s IS5 (55551 035k (595 2 ST slod b F-YY IS

a2 2550 Olejed g wins IS (65,551 035l (5, 2 00 i ol (los L3l F-YY IS o
Y- °C ) oaiSSis ol slos iul3dl b Canl oanlie b5 S5 50 45 jshailes 5 .cul i35 13
0aiiS Sz ol (slos il b aST2 0iS o b |, Jg 3 (sis, i US (55,551 083l i ¥+ °C
Ol lade Azl 3 5 99d ©ax Syl (67T polie 39l e el S jo e & S99

S bl o5 gy o U5 65,551 03k 00 5 (o0 el el e 45 by oo 1l aiS S

AY



hEx,totaI

0.501

0.5008
0.5006
0.5004

0.5002

05}

o408 . . . . . . . . L L L L o L L.
20 25 30 35 40

Tcool [C]

Olorod W gl o IS (65,351 0030 (59 p ouS TS ol Glod il F-YY JSC&

sl oas 03ls (i 0 SOl lyz sy 99 U S s (55,551 U5 e03k FYE S
033 /7 KAIS b /Y KOS v p S0l coy (o0 il L oS samlive )lgs co JSb 0 4 jghilen
9 09dss i Slo)S el 4 i (002 (29 GRIPFN &S 1z wbioe Al e 65,551 S

53,52 45,5 3 oyt S50 ol g8 s S (55,557 o5ty il il ol

AY



0.5006

0.5004

hEx,totaI

0.5002 }

05

0.3 0.4 0.5 0.6

mw [Kg/s]

Olo3an Sadgi s IS (653551033 (595 (5057 (o2 ;I F-YF U

Ll 418,518 w2 8590 piw S5 (65,81 005L p Ll g 0d a5 > e S0 F-YO IS o
ol Jelo a5 Aboo GalS o g SRali8l il ST (65,551 eo3b ley (il B3I L loges 4 axgi b g

il oo a5 S 003k o aslis

AY



os5050p0——m——m———-—r——
0.501} J

0.5005}

hEx,totaI

05}

0.4995 - . - - L . . " n L L L . . I

0 200 400 600

tcycle [5]

Oloyod dudgi i IS (65,351 005L p Lol g i a5 2 (yloj 30 :F-VO JS&

800

1000

P 0590 S b cozo iz g (A i S A Lo ¥-Y-7
oz i S S L) o] s (b Gda JSew s b)) e el 0055] s Sl
gl el Jadllgd BT acbpbly 5l anslio sl 095 oo amslie Shigel = Ol g Ol — wleg 2 poe
Bl s ¢ 9S50l 51 ol o oKt onbanm s IS sl 00 o0l [50] s
32 P g5 zmen Wl ) gez Gl IS 50 55155 9 el 05 S D3 sl s
x> i slala 0 &5 Sie 0 wiloe (JIeke) el D90 4 (s Si2 sla)ls

AD



o35k O30 b Gemslillivs 5 USte 5, oo 5l ailie (D eilegn psidd) mle 50 @ D3
syl o ) ISie ol K0 abloo ooz i ol o bl DML 5l (G e al
el ey e i

o3l oo ool e 55, b 55,1 e 1 liinl s i sl oz (ool sl 31 S
Slles g9,5 glp (b iz JSems 50 GOl ey glod snsl sy S 5 990 (nl 4 4z g
oz i S 55 5l 50 5k 990 gles a5 b p0 wes e g5 00 C () slos o Lo
C Yy A °C sl sloo 5l g9,5 Gl e Slisel = 0l 5 ol = wleg g
Syl VY.

9 aboe il o Slhae o po Jlade (orbaw i S 50 O3l e 0 63955 05 O LBl L
Ol o Slae o po jlade ez Ddz JSws j3 515 4 6995 £, ol sled (IBIL (izeen
Hlade O = Wleg p pguid oz wd JSew Vo PC B AA OC Les Lial381 L S )lg5 oo 9 by oo
ol B L Sligel — O cozme G S 0 a8 Jlo o sl josie < /FA L /20 5l o Slae o 0
5 ,Skas 5 51 g el 45 0t sa parie <10 G +/F0 51 5 She oy ke VEY °C L V- °C Leo
IS a5 bl o oolain] 050 olod 0,0uS 0 Dglds i g dbl o e O IS 4 SO0
mse b o] 55kt b oo L Sl les oS b s e

38les upd (Bl czge oS (xha iz S (8 aiS S Ol gl (lE L rizeen
Clgles Gl b oo S e 08les opo ol crge o8 pem oidr [ 0 wpdie
@ 1PN 5Ol = Gleg p o] ez Ll S ;0 8 Shae o, YO PC LYY °C jloas S
YY OC ) oanSSis o slad Limlil b Sligal — ] ez i JSaw o s ialS /50
Al o ol /FY 4 /F 55 Shee o, Ve °OC b

AF



AY



(S S 4z O-)
Sogei g 5k 0550 plazsls alis gl (o5l (gzmen 8 Jad po cilizee gl (0 )51 sy 5l g
9 O5es upd g eSS g Al sla el )l DS gileand ) Jeol> s sla
23,5 4 ) Ojge 4 l; @S Gl os gl S e 5l Jolo @l ioren
Sy VIVY KW PIVAY KW L ol oo 5 4 5l 090 laibo (6l (G992 9 (Sol> 5k @
e
Dl oo Canvds VEOF KW L pl s Bpas oS0 Sl L @
lioo Cavts FRW L ply Jlai 0550 ezl (o 58Ul )L Jlais @
el Gy OFIAKW L plyy (3 (315 32l psige (o755 Ol @
Al WY KIKG Ll 5590 50 (65,551 cuyis @
D3l o VOV KWL il (999)5 ©5m Sl 53,551 @
Al oY1V L ysise rgys Ol s 1 FVIAY L jgige 4y bogy o g 155wy yidons @
28boo TNV KWL ol 5390 (o295 5551
DYIOF OC bl 0l o winss abai slod lam a5 T by S5 ,lid b blie ¢Lsl glos @
iale S 9 Ghaley oy (s Sal a5l nlsl 5 j5anilaST ( (BLS ) Slo el a5 Sloj o @
S o0 eSO e b i slos <ol p
» ele Jlow Qi e (xhaw Qi gl jlar o Shas 5o 0550 s slayell L S e
Cand 2d> Sldas gudlans a4y Cons [oilplal JLad jogr ol Jdo 4 a5 sl Q3> &l )3
sl e glis] oS Lo o,

les ;o ol Jlade oy 3YL a5 sl co (el saiS U g5 (599,59 o5 0] oo iulEl L e
el YITEO KW ﬁ‘ﬁ q. °C

0ol Ll Jlow oy ialidl eyl Lo 5 ool oo (ialidl o Slae oo o0 S0l glos aulbl L @
».Swal.»‘so ~/FM°& OC J.g‘J._: QA/Q OC 6Lo.> )b

@bo@)moyngb@w@lfwo)ﬁ&wﬁ‘ow&OUTduowl;lb °

e GBI TP 4 /5 0F 51T e

AN



o L2lS YAVE KW a5 YATE KW 1 00iiS a5 s oaisS Sas T sles a3l L

Gayd o8 g oSS g 2 sl oSl 909)9 slos GRIBIL e SOT lyr ez o0
VO W Lo,is « cal o850k ¥ (iloand 5o oolitul 390 J50kew > a5 bl
..\;T‘so wwmuww@y uéL‘> ﬁ)f}LS).Q).) odLS S

Ol oYk (eaiS S plg) eSS g p Lol —ode 4 ey a4 azg L
sl asli YA« B Ae oogame o Lo, b adli VY Suop 0 wilgs oo oS s

boe GBI Lol g D as > ploj b 2 eiSy jobo 4o See o o ke

osn Gl (55,581 o0l ko 452 ol el

5,551 003l Rl 5 (65,551 i Gl Sl yia @ 699y5 5l sles Sl L

.éé;‘so
S5255) 003k rals g (65,551 w58 malS cel s 4 0SS ol sles ljdl b
.éé;‘so

25bs PSP T L 2l 200 (60955 2,50 (lod 3o s JS 035k

SYIVY 7. 5l poimmms JS 083k (2lS el £49C ay ¥+ OC 5l oS Sz o sloo Ltalidl L
S5 o0 OMAY 7. 4

b so Gl e IS 003l Jlade p SO by gayzr (20 (IR

il o 0/ D7 L ply Ae OC (glos ;5 wimmas (65,351 S 050

T3 s JS (85,551 005k zals el $4°C 4 Y4 0C 5l oaiS S5 O slos i3l L

Sy FUR L 4 B4/

i S (65,551 033b jlade /7 KOS b« /N KO/S 5l SO b sa (20 Gl L

A4



ol &1 ,10-Y
(b i 0y 5 e b oad ysS Glojan a8 laptias die) 50 sui] Sligios (o
130 )5 oo olpin p Slllas slo ais;
o ©iz 4 bayye anld o Slend (aw Qi Sl ) p @
adsl slo Sy glgil 5l oolainl @
adgl S oo glgil boals g5 yiwn jlaz (s i &S e oy @
e ©i 05 gt Wide )5 lotdr pw)n
SRS b (b Sdz g oo Q2 lapten oy g il 0

i lapiacw 10 o2 g bo,S Jl ol Coa O3l Slge gt (S5 1 oy p g axdlae @

b
s D3> 855 e O Shos S04 iz 3 sl Sk g il A @

736 5 Bl slo eyl f380 Jelod ) polate a0 D3lr o (602 A g (sam 50 lu e @
b @iz gl S 0 ,Sles (59, 5,18

Jolate & 15 slapincw b awglio g (oo i & 15 e goladl o510 e



&

LR 958 D5l58 2l 5 i Sydie da (5lo a5l oo s i o AN Slo fusie e [1]
AYAY

[2] P.J. Mago and A. D. Smith, “Combined Cooling, Heating, and Power (CCHP)
Systems,” in Handbook of Clean Energy Systems, Chichester, UK: John Wiley &
Sons, Ltd, 2015, pp. 1-15.

[3] P.J. Mago and L. M. Chamra, “Analysis and optimization of CCHP systems based
on energy, economical, and environmental considerations,” Energy and Buildings,
vol. 41, no. 10, pp. 1099-1106, 2009.

[4] W.W.Pulkrabek, Engineering Fundamentals of the Internal Combustion Engine, 2nd
Ed., vol. 126, no. 1. 2004.

50 il Je "o slyd Jps s5ise S 508 adg wiaens (65,55 5 65,50 Jelos L gowrw AN wieg,s [5]
, vol. 9, no. 25, pp. 47-56, 2011. ...

Slo b b oo G 0y 15 a3l Olge s y0 Ol g ey Jlanl ose il Jou esly ls [6]
AYAR gie g 5 olSiily ,SClSo | eoigro 0dSCals , 3,/ ol 500 7, o

[7] H. Talebian, M. Mahdavikhah, and H. Niazmand, “Numerical Modeling of the
Adsorbent Bed to Investigate the Particle Size Effect in Different Conditions,”
Journal of Solid and Fluid Mechanics, vol. 3, pp. 41-54, 2012.

[8] Q. Pan,J. Peng, and R. Wang, “Experimental study of an adsorption chiller for extra
low temperature waste heat utilization,” Applied Thermal Engineering, vol. 163, no.
September, p. 114341, 2019.

[9] H. Demir, M. Mobedi, and S. Ulkii, “A review on adsorption heat pump: Problems
and solutions,” Renewable and Sustainable Energy Reviews, vol. 12, no. 9, pp. 2381—
2403, 2008.

[10] L. W. Wang, R. Z. Wang, and R. G. Oliveira, “A review on adsorption working pairs
for refrigeration,” Renewable and Sustainable Energy Reviews, vol. 13, no. 3, pp.
518-534, Apr. 2009.

[11] D. W. Wu and R. Z. Wang, “Combined cooling, heating and power: A review,”
Progress in Energy and Combustion Science, vol. 32, no. 5-6, pp. 459-495, Sep.
2006.

[12] A.M. Shipley and R. N. Elliott, “Distributed energy resources and combined heat and
power: a declaration of terms,” 2000.

i oKl , Kl | paviigo 0aSCiils , i,/ doli 0L CCRP,” piaccw 0, Shoe Sgugs g oy 2 obShe . [13]

AYAY og,0L5

[14] F. Xu, D. Y. Goswami, and S. S. Bhagwat, “A combined power / cooling cycle,”
Chemical Engineering, vol. 25, pp. 233-246, 2000.

[15] S. Vijayaraghavan and D. Y. Goswami, “On Evaluating Efficiency of a Combined
Power and Cooling Cycle,” Journal of Energy Resources Technology, vol. 125, no.
3, p. 221, 2003.

[16] L. Z. Zhang, “A three-dimensional non-equilibrium model for an intermittent
adsorption cooling system,” Solar Energy, vol. 69, no. 1, pp. 27-35, 2000.

0



[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

M. Liu and N. Zhang, “Proposal and analysis of a novel ammonia-water cycle for
power and refrigeration cogeneration,” Energy, vol. 32, no. 6, pp. 961-970, 2007.

J. Wang, Y. Dai, and L. Gao, “Parametric analysis and optimization for a combined
power and refrigeration cycle,” Applied Energy, vol. 85, no. 11, pp. 1071-1085, 2008.
J. cong Cao and F. giang Liu, “Simulation and optimization of the performance in the
air-conditioning season of a BCHP system in China,” Energy and Buildings, vol. 40,
no. 3, pp. 185-192, 2008.

Y. Huangfu, J. Y. Wu, R. Z. Wang, and Z. Z. Xia, “Experimental investigation of
adsorption chiller for Micro-scale BCHP system application,” Energy and Buildings,
vol. 39, no. 2, pp. 120-127, 2007.

J. Pospisil, J. Fiedler, Z. Skala, and M. Baksa, “Comparison of cogeneration and
trigeneration technology for energy supply of tertiary buildings,” WSEAS
Transactions on Heat and Mass Transfer, vol. 1, no. 3, pp. 262-267, 2006.

G. Chicco and P. Mancarella, “A unified model for energy and environmental
performance assessment of natural gas-fueled poly-generation systems,” Energy
Conversion and Management, vol. 49, no. 8, pp. 2069-2077, 2008.

A. N. Shmroukh, A. H. H. Ali, and S. Ookawara, “Adsorption working pairs for
adsorption cooling chillers: A review based on adsorption capacity and environmental
impact,” Renewable and Sustainable Energy Reviews, vol. 50, pp. 445456, Oct.
2015.

D.C.C. Wang, Y. H. H. Li, D. Li, Y. Z. Z. Xia, and J. P. P. Zhang, “A review on
adsorption refrigeration technology and adsorption deterioration in physical
adsorption systems,” Renewable and sustainable energy reviews, vol. 14, no. 1, pp.
344-353, Jan. 2010.

A. Alahmer, S. Ajib, and X. Wang, “Comprehensive strategies for performance
improvement of adsorption air conditioning systems: A review,” Renewable and
Sustainable Energy Reviews, vol. 99, no. October 2018, pp. 138-158, Jan. 2019.

D. Wang, J. Zhang, X. Tian, D. Liu, and K. Sumathy, “Progress in silica gel — water
adsorption refrigeration technology,” Renewable and Sustainable Energy Reviews,
vol. 30, pp. 85-104, 2014.

Y. Gupta, L. Metchop, A. Frantzis, and P. E. Phelan, “Comparative analysis of
thermally activated, environmentally friendly cooling systems,” Energy Conversion
and Management, vol. 49, no. 5, pp. 1091-1097, May 2008.

H. T. Chua, K. C. Ng, A. Malek, T. Kashiwagi, A. Akisawa, and B. B. Saha,
“Modeling the performance of two-bed, sillica gel-water adsorption chillers,”
International Journal of Refrigeration, vol. 22, no. 3, pp. 194-204, May 1999.
X.Wang and H. T. Chua, “Two bed silica gel-water adsorption chillers: An effectual
lumped parameter model,” International Journal of Refrigeration, vol. 30, no. 8, pp.
1417-1426, 2007.

R. H. Mohammed, O. Mesalhy, M. L. Elsayed, and L. C. Chow, “Performance
enhancement of adsorption beds with silica-gel particles packed in aluminum foams,”
International Journal of Refrigeration, vol. 104, pp. 201-212, 20109.

K. Iguchi, M. Nakayama, and A. Akisawa, “Method for estimating optimum cycle
time based on adsorption chiller parameters,” International Journal of Refrigeration,
vol. 105, pp. 6671, 2019.

A. Jafari and A. Haghighi Poshtiri, “Passive solar cooling of single-storey buildings
by an adsorption chiller system combined with a solar chimney,” Journal of Cleaner
Production, vol. 141, pp. 662-682, Jan. 2017.

¥



[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]
[42]
[43]
[44]

[45]

[46]

[47]

[48]

[49]

S. Liand J. Y. Wu, “Theoretical research of a silica gel-water adsorption chiller in a
micro combined cooling, heating and power (CCHP) system,” Applied Energy, vol.
86, no. 6, pp. 958-967, Jun. 2009.
X. Q. Kong et al., “Experimental investigation of a micro-combined cooling, heating
and power system driven by a gas engine,” International Journal of Refrigeration,
vol. 28, no. 7, pp. 977-987, 2005.
R. J. H. Grisel, S. F. Smeding, R. De Boer, and R. De Boer, “Waste heat driven silica
gel/water adsorption cooling in trigeneration,” Applied Thermal Engineering, vol. 30,
no. 8-9, pp. 1039-1046, 2010.
H. Zhai, Y. J. Dai, J. Y. Wu, and R. Z. Wang, “Energy and exergy analyses on a novel
hybrid solar heating, cooling and power generation system for remote areas,” Applied
Energy, vol. 86, no. 9, pp. 1395-1404, 2009.

AYAY ol 5, w06 o lailo Sl Sleslne , SLbLL 0. o [37]
S. Nizeti¢, F. Barbir, A. Papadopoulos, and N. Dui¢, Exergy, energy and environment,
vol. 43, no. 11. 2018.
A. Abusoglu and M. Kanoglu, “First and second law analysis of diesel engine
powered cogeneration systems,” Energy Conversion and Management, vol. 49, no. 8,
pp. 20262031, 2008.
D. M. Ruthven, Principles of adsorption and adsorption processes. John Wiley &
Sons, 1984.
K. Sumathy, K. H. Yeung, and L. Yong, “Technology development in the solar
adsorption refrigeration systems,” Progress in Energy and Combustion Science, vol.
29, no. 4, pp. 301-327, Jan. 2003.
M. Suzuki, “Adsorption for energy transport,” Japan: Adsorption Engineering, 1980.
D. D. Do, Adsorption Analysis: Equilibria and Kinetics: (With CD Containing
Computer Matlab Programs), vol. 2. 1998.
E. E. Anyanwu, “Review of solid adsorption solar refrigeration II:: An overview of
the principles and theory,” Energy Conversion and Management, vol. 45, no. 7-8, pp.
1279-1295, 2004.
M. R. A. Afonso and V. Silveira Jr., “Characterization of Equilibrium Conditions of
Adsorbed SilicallGel/Water Bed According To Dubinin[]Astakhov and Freundlich,”
Revista de Engenharia Térmica, vol. 4, no. 1, p. 03, 2005.
M. Ebrahimi and M. Soleimanpour, “Design and evaluation of combined cooling,
heating and power using micro gas turbine, adsorption chiller and a thermal damping
tank in micro scale,” Applied Thermal Engineering, vol. 127, pp. 1063-1076, Dec.
2017.
S. Sadri, M. Ameri, and R. H. Khoshkhoo, “A new approach to thermo-economic
modeling of adsorption desalination system,” Desalination, vol. 428, no. November
2017, pp. 69-75, 2018.
E. E. Vasilescu, R. Boussehain, and M. L. Feidt, “Exergy analysis of an adsorption
refrigeration machine,” International Journal of Exergy, vol. 4, no. 2, pp. 197-215,
2007.
“https://www.car.info/en-se/volvo/amazon/amazon-121-p130-m4-1965-
185286/specs.” .

W) ol SLL " aslog s pseid = ST s Sligel - T i Sl 6,a8 o Slas o , s b eudlyl | [50]

AYar ,ULM oliiils ,J«JL{O ‘-;«JuLﬁe.O UL WA y

qy



Abstract

In the present study, the model of a simultaneous production system (cchp) that responds to
the amount of heat and cold load required by a residential building located in Tehran, which
has been done by Revit software, has been modeled an internal combustion engine (otto)
was used as the primary actuator and a two-bed adsorption chiller with a silica gel-water pair
was used for cooling operations.

Adsorption chillers are a new way to replace compression refrigeration systems and
absorption. These chillers are based on the adsorption and desorption of an adsorbent in the
adsorbent (silica gel), which is a porous solid. In this sense, the system under study has a
new combination of simultaneous production systems this is because absorption systems are
commonly used for cooling operations in conventional production systems. For this purpose,
the initial stimulus in proportion to the amount of load required by the relevant building is
first modeled and the heat dissipation of the engine is recovered using a heat exchanger. And
this energy is used for the amount of heating and cooling required by the building. And now,
the behavior of adsorption chillers in different modes is examined, which has a significant
effect on the coefficient of performance and cooling power, which are the two basic
parameters in determining the performance evaluation of the refrigeration system. EES
software has also been used for calculations. The results show that with increasing the
temperature of the incoming hot water, the cooling power and the coefficient of performance
increase, which is the highest amount of cooling power at 90°C equal 7.445 kW and the
coefficient of performance at 58.5°C is equal to 0.6519. Also, with the increase of cooling
water temperature from 20°C to 40°C, the amount of coefficient of performance decreases
from 0.6054 to 0.4903 and the cooling power decreases from 9.834 kW to 3.874 kW. As the
mass value of the hot water flow increases, the amount of cooling power and the coefficient
of performance increases. Approximately 1,115 watts of cooling per kilogram of adsorption
is obtained by the surface adsorption system.

Also, with the help of the analysis of the second law of thermodynamics, the amount of
exergy destruction and exergy efficiency at different stages of the surface adsorption cycle
have been investigated, which shows the results as the temperature of the incoming hot water
enters the bed, the amount of exergy destruction increases and the exergy efficiency
decreases. Also, as the temperature of the cooling water entering the bed increases, the
amount of exergy destruction decreases, and the exergy efficiency, like exergy destruction,
declines. This is because as the cooling temperature rises, lower amounts of refrigerant are
absorbed, reducing the amount of cooling power that causes the exergy efficiency to decline.
Finally, we examined the parameters affecting the performance of the absorption chiller
under the influence of the total efficiency and the exergy efficiency of the whole system,
which shows the results., the total efficiency of the system at the inlet water temperature is
90% equal to 61.46% and the total exergy efficiency is equal to 50.05%.and increasing the
cooling water temperature from 20°C to 40°C reduces the total efficiency and exergy
efficiency of the whole system from 63.22% to 58.82% and 50.1% to 49.9%, respectively.
Also, as the mass rate increases, the amount of total efficiency and exergy efficiency of the
whole system increases.

Keywords : cchp, adsorption chiller, silica gel-water, coefficient of performance, cooling
power, exergy destruction, exergy efficiency
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