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‘:\ A Y Alaill 3 ) ja da )0 e sladl g Aadiiiiall 3 ) jall
< ZSeal sl SN 8 a4 LS i )l
AP AD 12 paall lahdall (e 45V Gal sl 3e) 8 oSy
v i Pl o ¢ il
> BN PN ™ [\
(PR SER ISR TD,=10.5°C Wy =55 gJ/kg,
e S RLY N
R PN e TW,=10°C W,=1.5 gJ/kga
SRS ST IR S _ _ 3
‘T-{LX\J} \',?t;\'\-;\ ';RL’L;\“‘“ ‘ W2 =7.5 gv/kga ' V) = 0.823 m /kg
4 | --';‘--._ = - .:_'\ 4 ol | = . V 1 k.g
=t L IS T (e RELATVE =209 A =1 —_—
t\:l‘s\az\—\\?\““r AN 1{ i\_\ hy=29.5l9/kg W= TR et
1 \i_\‘ . "l .““‘A 5 — |
. —= RH,=95%

LV =

My, = My X (WZ - W)
iy, = 1.1 % (1.5 ~53)=2042 g /s
0.813 m’/kg

)l da 335 ¢(24°C) W ke dils dlay 3 ) x da n Ne (2 m/s) Jaa e sl
e e oelsgd s celdl peh b i A8 e JAy (11°C) WoMe 4k ) dliay
PAPA| :QASJ L_l_.}.]n_):\.“ peliS t_lm:hl i(lZOC) Lajm :L"ul_"s :d..aJ 3_;1_):\ :L‘}JQ Qi u:dn_):\]'l

ol sell N dilaal

Bl Ll Bl e @i s B . el e T G e e g 8 1 AN
Gayee bl sy G ske e 2 AR (e S ey il Jade pe aklil o) ) (11°C)
EJ‘PE@JJQ}Q’EL&.&A@JJ&MM] C.km_ja (IZOC)E‘-"‘M"M'*DJ‘);E‘%_)&LP
2 Al Jia Ao A

:G'I_,d_“ ua'f_ga.

Wl = gvfkga
w,=1.8 g/kg,
v, = 0.846 m’/kg

T] — TDl — TD2
i TDl - Twater
24—-12
— — — 0
My =>,—=0923=92.3%
L _V_ 2
M=C= S ©20.Kg(s

my,, = my X (W, — W)
m,, =2.36 x (7.8 -3)
m,,= 11.33 g./s
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43 paal) clleal) Jo ciliudai 3.2
Sensible, Latent and Total Loads A4S g Ael<! g A gaunall 45 ) jad) Jlaal) 1-3-2

alal) dladl 3 ) ya da 0 33k 3 a3 Jaad) il ugaanal) (551 ad) Jaadl Caey
Aty 3 6o gmenall a5 2y 5l @l Jiay il o) sl s sha (5 sinall oliy ae Ldials g o) gl
_(é.‘a‘)..a.njllnl:\a.d'lu.lswﬁéihﬁ)HaM‘@)‘)ﬂ‘d&ﬂ‘ﬁ

g adbati gl ol sel) skl (5 siaall By 3 a5y @A) Jaad) g GalSH (gl ad) Jaad) L

A3 sl A s ARl o) sedl cada i @y Jlay LG ) sel) Alad) Aliad) 5,0 s Aa el
VAN paliaia¥) 48y jhas o gl (e 4y sha )

au.'idtu_g691@&&1@‘}&M1M‘wwéﬂdﬂu‘#‘ @J‘Jﬁ-“ M‘L&I

sisSide) Gk oo el sl cub s sl Adad (550 (e ey Bk Oe sl e Apsha )l A )

PSYCHROMETRIC
CHART

Normal Temperaturs
5l Undts

SEA LEVEL

TR PR S G

AN 5 AaalS 5 A guenall 4y ) jal) Jlaal) 10-2 JSS

(o WS 5 4 yad) Jlea) sy (10-2) JSAN A (g

Q,=mx (h;—h;) or Q;=m X Cpa X (Tp3 — Toa)

(kJ/kg.2C) o) sell Jasruzall sty e 5l 5 51 yal) Jias Cpy o 3
36



il o gl a3 A yaall Cileall — 3 Jail Gl Caall — Ao lical) o gl

Sl g el (Jas
QL=Th X (h]—hz) or QL=m x 2500 x (WI—WZ)
(2500 kJ/kg) <l 3355 o padl da o e daing gadall o) Sl (5 ) (s sinal)
Or=0,+0Q;, or Qy=mx(h - hj)

ol
kg/s Al 38 Jaxs m
kl/kg = sl Y h
kW Aiiall 2080 5 51 al 0r
kW AR o sl g 0,
kW el 4alSh 3 ) ) oL

Jeall G 4l a5 ((SHF) Sensible Heat Factor e swaall 5 ) )l dus daua adeds

95

SHE =
Ot

12 Jaa

¢(24°C) & e dsha ) Aliay 50 ya A 525 (35°C) W _laie Adla Aliay 5 ) ja Aa 0 2ic &1 58
(13°C) 5 4dla dliay 3 )) ya da 32 (15°C) ilall ans 4,1 o Cinaal g & pei Cile o e
Al daall o 5) (2.5 m¥/s) st el sed) s se Jana S 18 ol ) dlay 5 ) A 0
Sl dalaal G sl 5 ) adl Ay SH g (alS 5w gasnall

" gad)

TSN A G s LS MLMWJ@JZMU ] Adadil) (s
h,=72.2klkg , W, =142 g /kg, S AR N

=0.892 m’/kg
h, =37 kl/kg , W,=8.5 g /kg,
h; =58 kl/kg , W5 =8.5 g/kg,
V_ 25
v

= — = 2.8kg/s

m=
0.892
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Qs = m X (h3 _hZ)
Q,=2.8%(58—-37)=58.8kW

or

Q,=m X Cpa % (Tpz — To)
Q,=2.8x1.05%x (35-15)=58.8kW

Q. =m x (h; - hy)
QL=28x%x(72.2-58)=39.9kwW

or

Qr=m x2500 x (W; - W)

QL =2.8x2500 % (14.2—-8.5) =399 kW

Or=0,+ 0
Or=58.8+39.9= 98.7 kW
or

Qr =mxX (h; —hy)
0r=28x%(72.2-37) =98.7kW

s
SHF = —
558
- —_ = o 0
SHF —r= 0.595=59.5%

Typical Air-Conditioning Cycle

Gl Caall — dpcliall 4 glal)

&l gl yall Jasll

:(;lS.“ Lﬁ_)h)ﬁ-“ Uaal)

L‘j“;“"]s)“)AﬂM

dpaie ) iyl 5 ga 2-3-2

Summer Cycle «asall b 52

S5 a1 Al Al el sl e 232 e o) sed) CaSal Apalie V) (oSl 550 o SE

‘LJ&AM Et_".JaJI L_i)_).huéﬂa:\\_i:h\ssa‘)}ﬁ‘_;& dj.u.a:\.“ M

Slel oYl o3 (e e > pan (4

4 gl 1 Al ) g o) sed) 2 5 & ey o) sed) Dl Aalae (e () oS Adapny CaST B 90 (11-2) JSEN O
dic A jall ol gd e o ja hald G Cua @Al jall Cag plal A3 4 ddasill e jeaall ol sell () S0 Cuny
A 2y 3 Akl xie Tadal) Cagyla (S5 <2 Akl iyl die a Al o) el ae 1 Akaill iyl
g oA i dayy (Tg) Aledl Bl pa da 2 5585 Y Sl Jlea )5 ale Glo ool el lada
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Gl Caall — Rgelial) o gl

Al aad el g

-

FL LI EUR

N e s

g yad) bhadl o dapdl CauSill 5 55 alada -

5 Alls ey (32°C) e (2 elsell O (1 kgfs) BIs o ol sell o ol 4
Ay %50 5 il Alay (24°C) e 12 o158 e (3 kgfs) e ey Aums (23°C)
calall 35l a Aa )y S 13 A A5k ) %90 ) s Gile e dadlall by 5 s
Jaadl ey il Cala Zas calal) e A Al Adladl Aladll 5 ) s Ax 0 33 ) (7°C) s sles

B Bl gl ] B R it 0 )l Bl 5 peensdll g ol

(RH;=50%) s (Tp;=24°C) 2 kil 5 (Tyy;=23°C) 5 (Tpy=32°C) 1 ksl (pua3
:\-ﬁ‘}” -a.‘..JL‘l.A“ L}Q3Jn#‘whlajl :\.L.a.m 3_)1_):.&:)._}.‘:&71“&:1}

Ade V) Cansill 3550 11-2 JS&

mq XTD1+ my XTDZ

T =
D3 mq+ my
1x32+43 x24 _ _ _
Ty = o =26°C
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mhﬂﬂidhclnﬁﬁ'rﬁnhgﬁd ¢2:] .!n:..‘n'rd.lnuu'r u.“ (260(:)“1.13}4:. Una.{u.u).n
Laall c]alﬁﬁd.uu_g i(?DC) uhj1a)1}u)aj3wiuum&;@ 3 alaaill
(4%14‘)qﬁi&m;l#ldh%gﬂmt@_ﬂ:_ﬁlwe (TC 3).@31&:41'!

hy=53 kl/’kg, hy=27kl/kg
hg=43.8 kl/kg

A5V Sl gledll e Juasy JEN e

h_ﬂln.“u.ac_)lajll ;-.UQJHAQMMHJUAL-;.JJ

TD4=100C
Qr=rm X (h3 —hy)
Qr=4x(53-27) =104 kW

Q.=mx (hg—hy) =4 x(43.8—-27)=672kW

QL =071_-9,= 104 - 62 =368 kW

Qs _ 672 o
SHF = 25 = 5720 646 - o4.6%
. Tpa — T
BF = e T
10-7
BF = 17 _ g 157
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Winter Cycle glill) 592 332
Preheating, Humidification and Reheating (i) 33le) g cub Al g Gacsall Guddl)

Ay gl )l aliadl ) san L gune Wi o) sedl a0 3 celidll 3 Aleal) 038 aaiad

Al ¢S Lione Lt o sgd) Cpdinss ) dang 131 (& jadl e Wil sl ) ane al gy Las ¢l Jala dguill

s Bale) Bupb oo elall lay Caliay S cpaial) dgdee dag g celall A Jusia) e AL

Abadl 3 ) ja Aapn (A alidsl ) ga58 elall p e ale) Aol g olall i ddlia) ) Layg celall

Glo el ally doshidl (12-2) JSEN Cnns o sal 3 e ol sedl i sale) A1 1A cp) sell A8l
_‘éd_)...a.a.“.]nm.l

LEW-

il 332 y e 1 sl (il 61 ) — e
Cpaaadll 3ale ) g ek yill g Sawad) Al 12-2 JSE
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il o gl a3 A yaall Cileall — 3 Jail Gl Caall — Ao lical) o gl

14 Ja
Lolail s (%90 W _laie duws 45k 5 (0°C) W laie ddla dliay 550 ja da ) dic ¢l 58
la jlaie cuh 5 36U b 548 6 8 ey D amyy dila dhay 5 ) a Aa 0 (23°C)
Jaall s 51 (2.5 kgr/s) o5 shns ool s e Jne (S 133 ((30°C) ) 4bsioad day 3 <%85
ol 8 ) el Ry e i) B sl sl B 5 Yy

sl
i) 5 Cils Gasal) (paiadil) Cile
T, =30°C Q Tp, =23°C Tpi=0°C
B RH=90% 1
Ng= 85% é
N O $ 3 2
s
s 5
da g0

’l - -

e pdalind cpa) ) Ll Uas s o 1 4080 (a5 (RHy = 90%, Ty = 0°C ) 1 Al oyt
Als adalill Adads Jidis ¢(23°C) ssted Ala Alay 30y A )3 o pgspall (53 50nl) Jad)
5 (Tpy = 23°C) 2 2 sl Clialge o2 Adasi @i) Y Al any el sl
(11°C) (st () Apka i) dliadd) 3] ja A jo Cipal Jad 2 Adalil) (0 pus (T =11°C)
oSl aie e adaldhy of )

e il BelS ) il alaiely (3 il (of) cada il a6 sl Alla sl Gl 2y

= Tpz — Tps
" TDZ - Twater

085 = 103
0.85 x (23-11) = 23 — Tps
10/2 =23 — i

Tpa =23 —10.2 = 12.8°C

Waie dgda il Alad) 3l a3 Cpd dad pe alalily o ) (12.8°C) 00 Losae Und ans
A Adkail) ol sopanal Bake) Cala da ol sl Al Jia adaliill Akt s (30°C)
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zaliill 5 ol gell CauSs 4 paall Glleall — SGI) Joadl) Gl Caall — dpcliall 4 glal)
- . QWAL (D A WA W N N
$ AL @ YA ViR NP. AN 'A W WA LY
& AP »{'}‘x"‘ SRS N -
VAR Ve IR AN PN
v A A T D 1B TR DA TSSO T INY
L AP S\VARS Wl VNI SANBN R VSR
A L R A e T
T, i I Y B
1 T~ S
N
5
h g
Nt
RS
..1_.. : .\]%“'\\'
'R SE BN
N
8 20 2 28 40 ] -"-‘ ‘l\l‘:.‘
f LS g Adai JS 8 o) gel) Al aal (S (alaad) JSA (e
point Tp (°C) T,, (°C) h (ki’kg) | W (g/kga)
1 0 -0.8 8.5 3.4
2 23 11 31.5 3.4
3 12.8 1l 31.5 e
4 30 17.8 50 7.5
Gruall Al Calal (g ) jadl Jaal)

Q=mx(hy—h;) =25%x(31.5-8.5)=575kW
Cpaadll sale) Calal (g )l all Jaal)
Qs =mx (hy—h;) =2.5x(50-31.5)=46.25 kW
Al olal) dueS
m,, =m, x (W3 —W,)=2.5x%x(7.5-3.4)=10.25g,/s
Human Comfort Gyt daly cilatlaia 4-2
) i) masn (s jaS diad (36-38°C) O s s OlesY) puaad 4 )l jad) da il Jlas ()
i A8l 4 gadl) Lo 5V apaay puall sl Sleall o 58 canandl 5 ya da 5o (e ST 5 ) ja ds 0
Oe palddll e Jead Ly Ao Y1 oda ) sl g 5ol ) gos L ol ala a4l
soal (e paladl alall e 5all & sl susall 4 g Alaall oda (L8 die g G200 amall 550 e
Miiﬁy@l\@!ﬁtﬁ}uldh.d'rC_}:B_;i_)a.l'f:\_‘s._).auhus.i'l.J.'E.L»:i oAl Has Gy e sanl )
o Bga s Glaall oda J8 e 5 camall 335U SLY) Aty aall oy 3 codlel 4 S5 L dglie
Eﬂuﬁh&‘}’bu@yt A st Ay gadl) jg.c-_gy'r L'Lﬁ ‘MCMIUA_)ES.’ ‘a....nl'l 3_)':_):.;\;_)&0&1.&531
) e 3l pall a8 e aad) Sl g aall 5 5

) sl gl ae il 5 Ll glas) ey ey AU AR aily o)) ) 2L ) Gajmy s
O (gl all L W1 8 g (el W 58 g Aaulif Jal g clllia 5 4p Adagaall
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il o gl a3 A yaall Cileall — 3 Jail Gl Caall — Ao lical) o gl

Y daly Ao i AN bl Ja gal) 1442
(b Ay palie day i e bl galy i) Ao o S alic diuw dlllia
Dry Bulb Temperature 43lal) ) & ) ja 4 )2 -
Mean Radiant Temperature 4w 5 ) ol da 3 b gia -0
Relative Humidity 4l 435k ) -z
Air Velocity sl 4e yu -3
tlad duadi gadllly (T Gluadd () paie dllia g
Clothes Insulation (el Ao Jjal) - a

Level of Activity gaddll 48 a s giua -

O 8 LS5 (g2 paall il o Ll dal ) dddate paad o3 A8l Jal sad) Al jo any g
8l s (S sl ddlaially peaadi Gl dal  agas o) JSEI e JaaBl g ¢(13-2) JSA) (4
el Aal )y spas G gl %60 S 30 O Raes sk s ¢(26.7°C) 5 (21.2°C) Al Al
¢ sed Al 45k 51 5 ¢(26°C) ) (21°C) e damall Aladl Al 3 ) o A jo - 5) )5 Ladie (A
%60 ) 30 oe )T aa jal)

(0.15 m/s) e Ols¥) Aal 5 3ia3 Al Lo 7 sansall o) sl Ao pud dpally Ll

(g m san sl Guadll o il (o om plad (i ad 1) 2L W) paey L) ey e | S

i 3 oSAall ALl A5l da g pil) e Sty coludyl Al GEad g AY) Gyl cilS oy s
5ol s Ll e s sy € V) (e Aumalall el g ol sedl Ao sl maall Ly 0 3a
ANl gLl
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il 5 ¢l gl s

Gl Caall — dpcliall 4 glal)

ol sel Gl s quan da sl (g pmadll Lt e b le e 10

(22°C) Auka Aleay 3 s A 25 (25°C) ddla Alays )l a da 0 dic ¢l ®
(10 kJ/kg) s~ s sinay ¢(5°C) ddls a3 ) jndn 20 dic oln @

(25°C) b Jlia s ) ya da jy die auiidlls Gclgn o

bl Jgand) 85 gigall (yal sl Sl 120

el Akt | g ginal) cgadl | Ak, | e sieas 55 a0
C) | ol | ek | R | mivkg | Ak dla | Al A
kl/kg g/kga % (0 (°C)
25 33
40 40
0.92 30
40 25
10 20
15 28

LAJ‘AM&EL:.MEJ\_};&LJJMLJ&AL&@&J p‘ﬁMéJ‘)ﬂ‘M]m‘ R
Jars o) Lle ((37°C) la_jlaie A8la Ay 550 ya Aaj0 I (7°C) W lie duka y Aliayy (12°C)
31.5kW /z (1 m¥/s) o cenall o) gl 3axs

gk diey (8°C) Lltia Lugusna Taypo cabay lgn 2l o300 2l Cile Jas Gl 4o
el gl A Jama ) Caale 13} Aok y dliay 3 ) ja As )3 (10°C) 5 48ls Abiay 3 )) ja 4a 0 (25°C)
18.9 kW /z (2 m/s) sb el

T0% R Asha s ((10°C) W lsie Ailn Ay 35 A3 (e s T els8 s 50
Ondal) dag o) gl al A aa o (dils Aiay 5 )l m da 3 (25°C) S
Tw2=14°C, v,=0.852m’/kg, W>=5.5 g,/kg., h»=39 kl/kg, RH,=28% /z

A Ay gk g ¢(35°C) la_laie dila Aliay ) s da dic (0.25 mY/s) Jaras ¢lsa e 160w
U"J"“a“‘“ Jﬂ‘yﬂ'r.l\.aa'lﬂ.llaﬂmllﬂ_nm 3)1}3@)&@5&13 &.}_.FJ_).\EQJLAQJ.: (30%) L&_)'I.M.A
532 kW /¢ 3380 il s ania §(16°C) o1

ia %5 (30°C) W sk dla Aoy 51 a a2 e 8 Gila e (12 mYs) danas ol b e 7700

s ey 50 ) Aa )y (A 2,0l Cale amy ol gell Cig sk ((24°C) W laie Ak ) ALy 5 ) s

oY) alrn s Sl oLl Ui e (il e 3 5f ¢(90%) s s (15°C) 1o ok
448.3 kW, 92.3 g./s, BF=0.333 /¢ J—alall
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Zalil g ) sl Cans A yaall Cileall — 3 Jail Gl Caall — Ao lical) o gl

la jlaie ddls dlay 350 s da o 2o aJAN slsedl e (0.8 kg/s) Bl ol eSS tas g B 8

da 0 die galll elsedl e (2.4 kg/s) @ ¢(28°C) _laie Ak ) s 51 ja 4a )35 ¢(40°C)

alall any o) sel) Alla 2a 51 ((50%) Lo laie A A gha 5 ¢(24°C) W laie dila Alisy 350

Tp:=28°C, v;=0.87 m'/kg, W;3=12g/kg,, h;=58 kl’kg RH;=48% /=
el 3 jlall e Usd g dsaall 5 lall (o gruay n) 19w

ool s gimall 8335 U (o038 s puasall 3yl e

Apal) 4 sl Ml 30k ) (A (5255 G guenall 25l Al -

Al Ay gha Jl1 30l ) () (5355 (s sl (Al e -

ol Ay gha ) A1) e o sl Al 4y pda I JS5 -0

Lygha ) &30 9 & 4 - £ 9gl] (u gaa (i |
O DS g a9 (Baena O | 2 G g

(37°C) Y L soune Lt aiais 2 i Ay 5k ) (20%) 5 dila Aliay (12°C) i el ga 11w
Jaall aual s(g(}%) Al a4 gl Jual (_.11 ) elall et Balels dnda i AT Al adls Aliay
25 kw, 95.4% /z .elsed e sy al e A8 U Cula ) 5ol 5 uaal) Cald (5 ) yal)

Aay s ) ya da 2 (25°C) 5 4dla dleas 3 ) a s 33 (45°C) e (1 m/s) Jdaas e ol st 1120w
Gl il by ) s a0 (389C) S Lesmne Tyt asms 2,8 Gile Jlo il
(el sed) (N Aol oLl daS Canal) ((90%) Lok 55 3 US (ks 35 48 je Al 5 Lol Lok 3

6.2 g/s, 8.167kw /z Al calal 6yl adl Jaadl

do A el ae ki (50%) A Al Ala Ay ) s A )2 (24°C) e Ad e 1130w
o2 n slsp (60%) o B3 clh (40%) Aumst «(S0%%) s &by Ak Alucy (4°C)
Jaall .J.n_,i i.:\.!'l.mdda.a.la_ﬂ_)a &_?._).a (SOOC) u‘l} L.F:'L'_)ﬂs —ale &n'l}.ﬁ.lﬂﬂl:..‘.'r (A Sl REX]

187 kw Iz Al g sl g 18 B el b )

iliay (28°C) 5 dila dlsy (40°C) 2o oa S5 o15edl (a (0.8 kg/s) Bl oy Cauisan 5 b 11400

358 nal Lugha ) (%50) 5 Bika Aoy (24°C) s pal M ohsel (o (2.4 kigls) oo ke

€(0.2) sty Alall Sl 1Y) Jalaay (8°C) 43, s An 0 3,8 ciley ZU Ldal)
83.2kw, 12.16¢/s Iz A gmnall 4y gl ) 208 5 30 550 il s s

46




IV ABO 3O N0 Ni- AGTOHING

- e 2 g 2 8 8 3 g i
m m m o = -ﬂ-«. £ix ﬂ e GRS ......u..u. asaalsaasasls ._”....ﬂ
iealssssaails - Ml MPIPIPIPUPE PR | ’ ik /1) N.\u. \ \.—a =1
N }km\.\\m / .M./f ¥4 lm.\ \.l_.._ . .._\qrmuow k_.“.! h:hvvum_\&ﬁ.u_ix\\
=Y P A BT |/ =i ]
A i 7 %Tr / \ hx, ) /
- s 4 A1 NI ] P r A1TK
/ 7 ST AT =ar wx / Bany, AL
A o/ B P y | I
ﬁ,.x B ,,/\, AL \,bVA a 7 {,.,.\.xﬂu / \_\_A ra Al
=
\\ /...r..uh Sl /i A Y = -\ _.\,.“ﬂ/ \\.. : .\\\ 3 \. A __.,_w.____‘ mW.
d i 4= f = A . =
~ / ams AN /. YANF, g \.&, TV LAY
y = ¢ . ] - '8 \\..i.r
A 1< A /| = [ / Y, % \ =1 "
.L...Y _\s.,_..rr \\. \..\v_n Y LT | F / ...\?..1 A ..\_ .__..__..
SUBZENED v.mm fv\ L4 y%_; AR bnf 7 m vy
e P o A - b : \\ ____\ / ]
= M i , ,K.EMM\\ \_ﬁ/ 2 e 1“_\.._ / AT __, L
S vaxVARVAN N Savivav ey
S PR S AN AR Y NN ANARAVAVARE
VL T T 4 ..J_r\ ._..1..,_\ v W_f /1N _%tﬁ.nrw YN LY \\uh\ m
vi ~ ..rum /| <) |/ L / _._wu“ / -l / »._..
[ RN A P AN = 7 T m
4 .1.! s .u...m_\. TH TR ] \...\.u __.Vx P
g = .j..h. Vn..rwn_ﬂ. ; Py u), \.q.\ \._.m._ ’ \ / q\.“c\ m
4 = ; 1 N/f. / N...\Wmf\_.\ i \..\.\..L\___ av. / m
any : AwA & ,Uﬂ,. ..r.._.\n.. Y /
B3IV ANENPAVARIBS: \ PEZE AN
wu\. /| ] 3 ..u_._hn‘ )QA g /
£ NA DT IRL ﬁ.wx ,...x Vi A1 AT ETY
= NA M LA LALA A-E
N /.../ YV NI R AN A A W
\\, D RN Y A8V af /e
& 3 \\ lar-. \\ tg 42 - .nM...m,.uh_.wp.\..n av |x..
5/l 4y \ | (] / I
.ﬂ\ /h\\ o 3 \.. \\_J .—.\ﬁ\ —_m..\_.
.___#.1.0. N \\AV_ ] —M\ x\ f \ .T_... -
‘-Jﬂv £ wv 4 u _n 1
N NAAam S
4 A i
o p 3, ALY
m m g .fv»&f P ,. A A.\
= o g .“
R T .ﬂ 1 ¥,
k= - W a4
OE By Y
o552 5l JRERERSS
aLZ=Z6 v







il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

Sl Juadl)
Heating Load = 481 Jaa

L) (33 phag 30 ,ad) 1-3

Q:}Jb_)'f‘):;” u_JLa._).JL;SL_BJB da g Ll} _)aj ‘ﬁ_‘}?&wdm%ﬁuan &1_9.1iu.a&_9.lo_)‘_):~“
_&mgb&ﬂ"ﬂgd‘.}mﬁtw séﬁi_)]a&ﬁ:uﬁhay‘bdy"éj'lﬂl Jﬁ.ﬁ_’ -U.;‘“‘ﬂ‘”

Conduction Heat Transfer Jia g3l 3 adl Jal) 1.1-3

& boall cla o (8 58 sy da 8 dildl l liall o gl O3 5 ) jal) OS5 ey

e e oy I (Q) i 51l 5l all QI Jona aaing 5 e sl 51 sal) JUEEL daws gl Sl

syloall Slaye @ay K Bl (5 ) jall Jua il Jaleag ¢ A Balall adade dablis ¢ AL 32l claw

Jul Jaleil Adall calall) e aley il Zadall ) (alie o aaSUl e el GId e AT

a5l ) jal) Jly palall ol BUS Sa s G5V Jand ) & ) Gl e 5l
et WS (Las8) iy (pan (g3l

AT
Q =k XA X E
R
W Gl Al sl S Q
W/m.oC gl Upess il 1 e K
m? 8 ) padl i) adaie dali A
T soloadl Sla )y (58 AT
m palall clas AL
Convection Heat Transfer Jaally 3 ) jad) Jai) 2-1-3
s b padl R sy 3 50 el JESY Ragad) MY (e Saall el s 5l JU o
el e Jaally

WS A (58 Slaal e 5l jall Gl o Cadlia) Jasy 445 :Natural Convection sl Jaal) -]
o cle ) ) ALY TSI et 2alull wilall il da dgma ) g Lea cilide halia 8 ailal
S oy 5 all JUEH ) ulead) s3a (3555 Jindll ) SYI AU @3 wilad) il Ja JES cpa

Adgd Jil AT ) paldl

43



Zlill 5 e sl oSS ANl Jaa - QAN Juxdll Sl Caall — Aeliall o slall

Aoy g Ahlu g ailall A jal 25 3 )l ) JUE &b 48 5 (Forced Convection il Jaadl -
el sell S nay ol sel) i 851G ardtd 3 2 o) jall e AKSse

Radiation Heat Transfer £l 3 ) _adl JUES) 3.1-3

Yy ciail oSy kil ool (4 LS clpunlling g )€ Clage e JEiH ol 50 all oSa

Oy sdaadly Juagill Bl jall Juml 8 LS JEnY Jawy ) dawdaline s S0 Sla gall s

el s ea il cliaill (o Ayl Clilse e daza ¥ 381 ) el (el Aail o) oy padll
FlSY) Gk e g Y puedll (a3l el Ji

B ad) JUL) Jalrag (ol ad) Jua gl Jalaa 2.3
Thermal Conductivity and Heat Transfer Coefficient

Thermal Conductivity (k) I AN Jua gl Jalaa 1-2-3
AL Bl daw A B jad) Juad) Jo salal) L Adly 5l ad) Jaa sl Jalaa iy
L)y oloal Juasill saa alse ) ddle 5 sea o all Caialiy ((1°C) o ldia 3,0 a 4a 0
Jail 3 salall 5eliS 2amy salall (gl all Juasll alaa o a1 35bms (sl ual) Juasill
oSl 5 )l all Jra il 3o 3 ga (5585 Ml (5 ) pad) Jaa sl Gl 3 30 sl G 3 6351 5l
Juasll Jaas Je Ualll 5B &)l all Jile cudadly 3 all v Jage uladll o) isia
13 .(0.17 W/m."C) st caiall aif cpa 3 (401 W/m. C) b saai pulaill (551 sl
3)all A€ Cilaa die 5 3alall e 31 all JE 31508 1550 55 5alall (o)) el Jua sl Jalas
M (el e W e g ddgadl Alu Al JKU el (5sUallS) Audlaidl e o gall Alitial)
A (k) gooal duasill delae e Yoy o(W/m'."C) aas gy (C) Ll ad) dlalsall Jalas
()Y Jea sl Jalaa (1-3) sl Cams .o 2l

Overall Heat Transfer Coefficient (U) Alaa¥) 5 ) adl JUS) Jalaa 2-2-3

Bl Apas Ay iy a5 el JES) alas e 5 al)l Jia sl Jales caling

= (U) 3 ad) Sl Jalas san 55 (1°C) s 048a 30 Sila ja (G40 Aalesal) Saa ol ATaEAN)

Dl Jam sl clids saad Ja 8 a5, el JaBl Jdes 2aixds «(W/m™C)

Jelaa e Yoy We 50 jal) Jlassl Jalae aaiay ol jaall JMA Aliial) 5 ) ) cililaa g 63 5al)

3 sall (5ol Jpea sl Jalaa aaiad 3 ccmnd Saadaills cplabaall (s CAMAYT 5« jall S il

syloall JWEl a8 S 3 A el Gl saiad a5 ad) JlE Jalae Lel ddlaial)
o LS 5 ) el JlEs) Jales e Talaic)

Q=UXxXAXAT

o) A

50



il o) el a5 U 7 PRI L O WO Sl Caal) — Fgelicall o glall

W d_-}--a‘,:\-‘b PArTEA || '5_)1);.“ VIR Q
W/m?.°C a5, all Js) Jelas it
m’ 50 yal) Jil adaie dalie A
°C '3_)1_);“&1@._).36‘)5 AT

Ay 3l ad) JE Jalaa laa 3-2-3

3 Lae g ST o Jlaal) el Jisl delea e Taldie) 550 jal) 408 Clua ()
N sl Qa5 Jalea Jisad () dens 131 ddlaleal) i 3ale JS) (5 ) al) a5l Jalas a2
(Y Gasb oo Gl o a5l el JEn) Jales

Aagiall day ey ya deslia LS dade JS el clish sae e el 8 Jla

Slasliall eld 5 (1-3) JSA G e g LS DM giifa e sSh Tolaa 34T Sl
Ofie sliall & ganal 4y gl AN L glaall () 4S5 b 138 e ¢l LS Ay ) jall

lI [ |
1
I |
I ]
l |
Ry-L2 R, ==
2 K1

Ofinb (e ()38a Hlaa [-3 84

RT = Rl + Rz
Ly , L e LS A0S 2y 51 el A sliall (588 S (Say s
Rop= s =2
ki  k;

ol



il 5 o sql) oy LA e = SN Sl

S Cacall — A licall o glal

O S 1) A & ) el daglaal gl o el (o)) el Jia gl Jalae o)) L
1 toh S a5 ) ) s Jalas

Us—=px
k

Sl slial)l gandy Glad) O ek (Sed itk e ST (e 0S8 Jlaall IS 1Y)

o LS dska 1 4, 1ja

NN

v
-
P
¥
P
R B2 R1
— B R AN~ AN

- ol LS it 2K Ay ) el de gliall Ll

: laa ) 55 jall Jst Jalaa 5y 5

il 1|
Il = = L4

Ry
k1+k2 +k3 Ky

m’.°C/'W 2S04y ) yadl e slial)
m’.°C/W S laadl dadal 4y ) jall A il

m oY laal) ik olen
W/m.°C Y laadl didal 5 ) all Jaa sl Jalza

52



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

1 Jhs

o Ak b Las z AN ) JaI e 0688 laad a5l sl JE Jalee 3a
Cieny) e Ay (5 cm) Slew Glds (24 cm) Gew gle Gt (1 cm) <lew
(1 cm) la—u
lomsin  5cmpd - <l gad)

Mom s

2,06 Ha il Al Dkl 5kt

L1 L L3 La
21, 2,8, 4
/ et e e iy

(1-3 )52 e sl al) S sil) Jaloa o8
k;=0.8 W/m°C «L,=0.01 m ol -1

k,=0.72 W/m°C «L,=0.24 m @ikl -2
k3=0.036 W/m°C <«L;=0.05m opldll -3

k=072 Wm°C <L,=0.0l m <Y 4

0.01 0.24 0.05 0.01
RT — +
0.8 0.72 0.036 0.72

Rr=0.0125 + 0.333 + 1.388 +0.013 = 1.7465 m*.°C/W

1

— 2 o
T 0.572 W/m*.°C

By AN cpadacd) 5 ) ad) JES Jalaa 4-2-3

Inside and Outside Thermal Conductance Coefficients

UZI/RT:

(g &J]M1JLEJ]):LHQ'L:|)JL5PE L.JLEJ:.A&.U:LJA 9&131#%)1#‘&.&5@‘&: E\L.a!
gl y ol paall GoaDall ulBal o el ikl m AN RSN o gliall A A guall 30
"I_H'“ 3_)‘_);.;;}4133.‘1:- @JE&“ ;])@J] é‘»&sﬂlwl}hﬁm&}ll ;.'I_,A L'J.u]i)'l_)a.“ ,_Jl.ih).m
_t‘?_'_\_)m‘
EVla and B AT 5 1A o gl Saadal 5 ) sal) JUE) Jalaa ( 2-3) Jsaall cyaass
oty LSy gl o aal] Geadlal ol ggll oL3A) a1 5 yn A

53



Zlill 5 e sl oSS ANl Jaa - QAN Juxdll Sl Caall — Aeliall o slall

o AN plmill L) dm el e Aalal) Gagiadly o jaall -]

2. Ly . Ep oo Ly . Lg
Rr=—4+ —4+ =4+ =4+ —
1 fi k1 k2 k3 ks

:L;:."J‘Ls‘jl' p‘La.'aﬂ'I dj} dL.a.a_).LnJ'! -._i‘5§.u<_‘1_5 u\_p:.ll -

1 Ly L, Ly Ly 1
Pr=cd 2k 24 2 2 —
e T R b T e Rs Iy

Oloaadl Jlaall 35l all Jutil Jales Glaad Guiiled cpililas Guinlll cpiblaal) sladde] S
AS pall s gl
2 Jua
¢(1 em) o s Ak ¢ A Lae g AN ) J3I e 0685 laad 550 el JU Jales 3a
Sl of Wle (1 om) e Cuiany) (e disk 5 (5 cm) daw Gali (24 cm) daw gole G5l
A Al ikl () (e e
i g
4ot ele ik il sigs Gk ALK A glaall dalall Aaleall ukas

' 4 1(1-3 ) Jso> e gl all Jra il Jalaa o8
k=08 Wm.°C ¢« Li=0.0lm el -1
_ k=072 W/m.°C ¢« Ly=0.24m skl -2

1 cm;.s;u‘ 24 emasb
5 cm gt 1em k;=0.036 Wm°C« L;=0.05m &l-3

k=072 W/m°C ¢ L=0.0lm el -4
(2-3) Js2> =8 W/mALoC  Adala o) sell dihal 5 ) jall Jil Jalas -5
(2-3 )52 =34 WmPoC  fus A ol sel) daudal 35 jal) Jissl Jalas -6

1 L1 L2 L3 L4 1

R =i bak med el o o
T E T ks By kg X,
0.01 0.24 0.05 0.01

1 1
=—+ —+ —+ + —+—
8 0.8 0.72 0.036 0.72 34

R;=0.125+0.0125 +0.333 + 1.388 + 0.0138 + 0.029
R; = 1.9 m>.°C/W

——.1_ — _3_ — 20
U-RT = oy = 0.526 W/m".°C

54



il o) el a5 U 7 PRI L O WO Sl Caal) — Fgelicall o glall

Heating Load 482 Jas 3-3

Cogyln Ryt el 4805 o) pall elimdl)l ) ddliadl) 5 ) el 4uaS 4l A8al) Jas aay

daly a3 Al Alad) Aladl 5 5l a Aa s (et o 5 Ak Lo Wle i) dal ) (gias Aal

Juea) by Al Jaa ol a8 Clusad Laa JA 5 ) e A jo il ) 381 2% ddle 3 seas o))

& Al el ge sl il (alaiNI U8 (e sl il 5) el s Al ) AR e Al 8k
b Lae (2-3) JSAIN 8 Gane LS 5 A8 Jasn < 588 () oS00 5 cdinil) Jas ol

1 i
—m—— ans
7 > (&) 13
«
E e duag ;
JEGE Gty ~ —

[
Y o

i gl sy ghalin ) all 93 8
Heat Loss Through Glasses Jsagily glajll e Aliiial) 5 ) ) -1

eliasll L_HJQJ‘);J'I U_il.?._).l é‘)aulc .ln.'uﬂj tcLz‘).“ u@ﬁ%‘n_ﬂﬁ‘@aﬂdﬁmﬁq}
e alaisall BJ“PJI H...!Lma L;s i,}i"!'l aaladll .}.n.‘u:'._, &CL:L‘JJI :Ll.:.]na.alm_j “'L.S‘AJLL“ .‘a:xa.o.n_g ~_.1.:\S.A“
lLaall 5 503 8 ) jad) JEs) Jales (3-3) Jsaad) gaus zla 3l ddd

Qg=ngAgx(Ti_TO)

ol
W g e Juo sl dliinal 5 ) all 408 Qg
W/m2.°C zla 35l el Jus) Jalas Lf
e ol dnb Asle. By
oC (312) CaSal) pliadl 5 ) s A 0 T;
oC dga il 35 jall da (0

55



il o) el a5

L) Jas - G Suaill S Cacall — A licall o glal

LIAL‘I..QJ u‘_}l}” tL’Ji (3-3) J}.la.“ CHy g am’l_,:&‘ &‘_}Ji btﬁm e °"})M1' o_)1‘).:J1 _I.Aj:\}

Heat Loss Through Doors <! g:¥) JM& 3348kl 3 ) jal) -2

Aeia UST a5 0 sl Jsl

Qp=Up X Ap X (T; = T,)

W/m*.°C

°C
°C

shzadll G 3 pall Cla 2 558 sy Ll A )l Gl ol e B2 g8l 5 ) ) Jadi

G e Jaa il Akl 5 ) jal) 48
s 5 ) el JEs Jelea
ol A ena
Sall cliadll 3 ) a dx

A sl allds o

ol

daa LA Ca g all Ada mal) i ghad) g oyl aad) JMA Bagadal) B0 ,al) -3
Heat Loss through Exposed Wall and Roof

Lol Caall eliadll oy 30 al) Gla o (58 o LSS LS adiad o oa Al ol sl 5 Casal)
Jalaa (4-3) Jsaal) Cpus ol a3 el Qs Jalea e g ¢ laad) dalis Lo 5 oo lad)
el sed) idal Bl el JEnl Jelre lghaday Cagiulls o) jaall g)sil (aed a5 al) Juam
Aale 5 geay AL @l jiad Ay ) pall da i) (5-3) Jsaall Cpw cps —8 il g A Al
roil WS landl s ) yall Juasl Aol iS5

W/m?.°C

°C
°C

Qwir = Uw!r X sz’r x (T] - To)

agidl ol o paall jue 33 giaall 5 ) jall AuS
i) gl jlaall a5l sall Jasl Jales
ol gl laall dalis
ol gliadll 5 ) ya Aa o

A lall 3 ) all da )

56



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

Heat Loss Through Floor <bua i) s 825884l 51 ,al) -4

#) 98 (ol el S Jeany 13 )Y) sedans ae plia e A () 5S35 4 pall D i f Lay
Lh_)'r.li.oj Emaﬁgus_}‘)&%).}.ﬁ: }\anh LJ"’_)KNCJ““JMI t...'nj‘)k” e B Qg.ﬂiaﬁ_):.“
A8Y) Aaleal) (e i YY) (e 325880 5l jall s «(10°C)

Qr = Upx Apx (T; - 10)

R
W Lo M) e Joea il Alsiiall 5 ) al) a8 O
W/m’.°C T S5 ) sl s Jalaa L
m’ dgm ) Aalisa Ag
OC Ln.ls.aj._ | &L.a.lj'l SJ'IJQ. EA_..J.J Ti

da Al Gig ,lall A mall i i gl g oyl odadl e 5agRdall 3 ) jal) -5
Heat Loss through un Exposed Walls and Roof
Ls"“""“:U ey e Lg.naau t._i_):.“ M ‘;*dl :L._IIAHH L_J'IJJ:..“ R 03‘53&&.“ EJ'I.);.“ dm:::\j
ledn (8ars AT 3l e Gilda Juaili 3 20800 Cagiuall e 53 588a)) 5 ) jall SlIS 5 cadal sl
P 3..}}1!.&“ 3_)':_);.“ L.J!' G:\.Gu__} cadolal) QA J}SJ.A.H 0.5 Jeladdl DA (g Asa U dlalell O
sladll ) dia jaall i) b Gl paad) e B3 ghiall 51 ) Caead Jias ddalall Cogind) g adal gl

_g.:;s_)l.i.‘.'r
Quoir=Upp x Ay X (Ti = T,) X 0.5
Y
w S ol il e Jom gl Alitil 5 50l £uS 0
Llalal) G gl pir

W/m?.°C L0 Ca gl f a5 50 pal ! Jalas Upie

m’ Ll o il o adal il Al Apr

57



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

Heat Loss through Floor Edge QL) Gl e B3 804 31 o) -6

Go8 Ol 1A W Jaly ) sene ) Gl o Ly g Bl Gl oy 83 58001 5 ) jall i

82 ghiall &) jall camaty (¥ el 50 s Aoy A all 550 s Aan Gm 0sSs 8ol s

A all Jane Lai) g o jial) oda o A 5V Aalise J305 Vg ccamad oY) Gl R Gl

e AL e (e 32 58010 3 ) jall anty A al) Iama o (58 (ol oelad) ) Guld S
Al Aoleal)

QE=1.4XPX(Ti—10)

)
oY) e Jia il Al 5 ) jall 4 Or
. 48 3l Jayna P
oC oY) a3 ) da yo 10

o sl QIS5 4 gl s B gdal) 3 ) 2l -7
Heat Loss due to Ventilation and Infiltration
Ventilation 453l =Y g
b oSN sy e Al e gm0 Ay s )lSI aS sl S A B3l S
Sl dsa s e Szad (i) Aal ) cpe JUE 1 gal coisne Slla (S 1) laall ol ¢ Gl 5 (da sl
E_\:u.u‘a:guj siq@\}wléélﬂis el Leia o) sed) Camny u‘éjjﬁjiwaéul‘f‘:ﬂ:m
Jil o Ul ol o) sell 30 on Aa o 0 A e A o) s Al ) ety CasSall o) sell e ApaS
Cry el A glaia ) calmun Lila) U s Sles a8 13 (Al 38 jall 550 a4 )3 (e
O O o padd JS AL Jleaind £ 50 s $5630) ¢l Y slhaal) o) sl A0S (6-3) Js2ad)

Y Aobedl aaiaty A8 al) dalie e mose e JSI Ay sl slladll ol sedl 4aaS (7-3) Jsaadl
A 5 o) g8 A lasal

roalddy) e e ke -

V = Pe X Vpe
o)
e/s 4 5gill o gllaall ¢ sell aaa \Y%
oaladY) aae P,
8/s.pe (6-3) U padd JS A5G (S jlall of gl pan Voo

58



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

spliadl) dalua o lalie) -

V = A X VA
)
e/s aﬂ)eﬂuyjluigbe-“?» V
m’ slaill sl A
ﬁls.mz (7-3) Jsaa o P JSI Al <1 _)LA.“ el s¢dl FXEN VA

Infiltration (%3siil) &) ged Jias — Lt

@ Ome sa LSy ibadlly g1 Gle MSa) aie cun dd Rl L JRIA) slsell LS
Le @2l Jsb canyy Leghinay Gl ol il ¢ 65 o Jlasall o) sl S aaiaiy (3-3) JSl)
fo LS AR (e ol sl Jlasy (g3

' Gl 3 e b ol i m
. L= N (2(W-+H))
Galadll 5050 L ol Al
+ * R o L LC: N (2(W+H)+H)
cinill @ 323 deil] 38 bl §f ) ¥ 22e N o Gus
il ol QU glis )l H
Sl o) QL) = e W
Ay dalaall e JIATA o) sell AaaS i
V = Lc X VL,_.
SR
/s L}m'r A ST ft.,ulﬁ J< _)LA.“ o;-'l_;g.“ e V
E m Gall sk I,
Jsb e e IS 400 JS Ll o) 5ell ana -

A (e ol sed) Jla3 3-3 JS4
SLuluall clash

59



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

o) sed) QAT ol 4 6ol Cann L (e 33 8l A gl 3 ) jall S Clua (K odlef S0 Laag
Q=121 xV % (T; - T,)
o))

W MIJI%&EIMEJ}M\EJ‘#\%&S Qi
-adaaSa

daS (bl Ao cllual) ol o) cagd (4 sgall ol sh AnaS e uS) JIASAD) ) ged) AsaS ilS )3) -]
Lo Gagn o o) QAT Y AL 4 9 pae g IR o) g8

OSiy Al (B Ay ogl) ) g8 AaS aalnd JIAT )98 AgaS (e ST Ay gl £ g ApaS cills 1) -2
(A3 £ gh dsaS — 4y 9gall o) 98 AgaS) Ay gliva 4B 2} B Al Ay M) ¢ g AnaS

Total Heating Load S 4813 Jas -8

el LaS Tl ) sS0all 4y )l jad) Jlaa¥l pan (ge 3 jall I Ll Jas 555

Or=Q,tOp+Qw+Qr+Qr+ Qpy+Qr+ 0

il S (g1 pall Jeall g gana (g shuusd il g all Jaall L)
Volume Flow Rate of Supply Air 4Ll jgaal) £ 5¢dl aaa Gilua -9

abra dlade] (Say 1A cd guna 3 o (b AN Jaa & Waade) o3 Al 3 ) jall o) Lag
ro LeS il jeaall ol sell dpeS alusal (s sunall Jaal)

0=121xVX(T,-T,) | V= 1,21($5_m
o) )
w A0S0 25l Jaa 0
e/s el ¢ sgll aaa \V4
o el e ell ddlal) Aladl 5 ) ja da 2 Il
°C 25 Al Al Al s ) A T,

60



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

@l ((6°C) iy 4 jall 5 )y A 2 e S) el ol sell ddlall Aliadl 5 ) ja Ay 5SS
(6°C) s (T — Ty) a4

3 Jéa
e oalay Qb e o83 (3 m) gW)s (6 mx2.5 m) s ¢SS o en 48 2
(12 cm) 5 oSl o s (20 mm) o Q3 A8 )l jlas S0 (1 m*2 m) b
SR lanll IMA (e 52 gkl 35 jall 5 Ll OMA (ge 83 gkall B ) yad) aa sl dalge ) G gl
&l Alad 5 ) Aa )3 (23°C) o Al LI Gag STl cJsea sl (6 ) sk e
Aa ) (2°C) 5 A Al 8 ) s Aa pn (4°0) A )8l oyl s 40l %50
Akl ALadli 5 )

ol sl
bl Ul e 83 gasall 5 ) el

Qp =Up x Ap x (T; - T,)

3je alaiab (3-3)dss | Wm'SC | 24 | Up

%2 m” . Ap
adals Gag ks o 23 | T
da JA oy G 4 j i4

Op=24%2%(23-4)=912W
ralaAll laad) A 33 58ial) 3 ) 5al)
skl sill a5 il B ) jadl Alabee adixius 1] (adaldlly AAIAN lasdl e

0, =T, % A, % (T;— T.)%0.5
U bl e 50 sall Jil Jales

1
U == E
20 mm|| 12 cm || 20 mm

N TR PR

RT—f‘+ k1+ k2+k3
2 (2-3) Jsas W/m’.°C 8 f;
(1-3) dsa> cun W/m.°C 0.80 ki
(1-3) dsa gale Gl W/m.°C 0.72 | k,

. E 0.02 0.12 0.02 _ 2 o
Rp=z+ =+ o>+—==0466 m”°C/W

61



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

U = 1/0.466 = 2.14 W/m*.°C
Q,=2.14 x (6 x3)x (23— 4)x0.5 =366 W

I mx gasel.5m dal auall asgie Gl 7 90 30 @bl 12 o (g5 ale iiSa
g gDl 1 m X pase 0.5 m Sl piall Ao sie (Galadl) 53 500 Glulal 8 5 (gl )
2 m Xpae 1 m b aall 4y ) saaly ada Gy ol sedl JIa adle (90 (e Slulall)
Jasy 4 se) e il K ) pall Jaall 2l Ladd 26 e €4l g giad gl )
daasi dysh) %50 5 4l Alay (22°C) o aa0 Al Gkl of Lle ol sed)
Ak dlas (2°0) 5 Ads Alay (4°C) A Al gkl
<l gl
rGalal) x5 30 381 5ill (B sl ey
L. = No. x (2 x (W + H)+ H)
L=12xQ2x(L5+1)+1)=72m
n B e WIS oYM A suang
V=L.xV
(8-3)Jdsx> Vi .=0.54 0/s.m
V=72x0.54=38.88 {/s
-caletll 5 e 881 g3l g2l yh € un
L.=No. x (2 x (W+H)
L.=8x(2x(0.5+1)=24m
n B e WIS oYM A suang
V=L.xV,
(8-3 )Jsix e Vi =0.54 /s
V=24 x0.54=12.96 /s
bl sl J sl sy
L.=No. x (2 x (W + H)
L=1x@2x(1+2)=6m
(8-3) Jsa> e Vi =3.56 0/s.m
V=6x3.56=21.361L/s

:t,z)...ﬁ”a__gu._zggﬂ'l c.'I)d_H‘q.:.
V=38.88+12.96 +21.36 =73.2 l/s
Lads 26 2 L) dal ) Gaiatl 4 jall 4 58l o slhaall 6l sl ana
V="Pe x Vp,
ilSa (6-3) U a5l (adlll o U of gl pan
V=26x7=182 (/s
(182 £/s) 4 9l i gllaall o) sel) ans aa (73.2 £/s) JIA3 (e il o) gl ana 4 5lie Nic
o) sed) ama aaiey 13 (A e i) el sl (s ST Ay seall o DU o) sl aaa of Laadl,

A 5gill o sllaall
Q=121 xVx(T,—-T,) 1 5 sy 52 58 5 )yl s

62



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

Q=121x182 % (22—4)=3964 W

4 5etl) o gal e jaeat (aslladl) al_ﬁ_n:%_}qsuidthj»@

V=182-73.2=108.8 t/s

rl e (S50 (4-3) JSA 3 LS ok A B )Y el ddD 846 ¢

(ol e Al dida (20 mm) beliie) Gl (24 cm) Al o) sl
CiianYl G A 4 Bk (20 mm)

comadl e A Ak (20 mm) BN (2 cm) Al (10 cm) S caad)
(3m) gl

(i) (7 mm) ciiany! ga U3 (2.5 cm) dibasd as (15 cm) fa)lad) il

ol (e dalaly 43k (20 mm)
akal (e Aida e daliy B3 2 om il A 10 cm Y

omadl e da A5 A1 38da 20 mm sdbie Y] G elal) (s 12 em kel )
e puall Aoy o] mX1 m b @8 e JS 4 Galadll 83 e Al (e 3386 telplill |

il Aaile (5

Gl 2.5 em e guall 53 idll e 1.5 mx2 m e Bl Gl sl

2.45 cm ew aiall (53 ) QIAll e ¢ ] mX2 m A3

Ohadld alally)

(4°C) A AN i D55k ) %50 @ils dlay (22°C) Adala Apaeail) o )
sk ;e (2°C) 4l Alay

e e (g oglall Ll

ABEY 5,1 ad Jaadl g

63

=1

10
456l 5 ) Jaadly (alBE (5 4 ad) Jaall g B (e 3 gllal) (540 ad) Jaad) 2

5 Jba



il o) el a5 TR s < EIY Joanill S Caall — Aelinal) o glall
e 2} s 20 mm &
.j_p-ﬂ-hlz cm 0 mm B
24cm ’ '
L ‘
!E:I’I e

#J-‘LI-L g s -
5 iy Jlie 4li; Jalais 4-3 S
Al ) ey B ) ad) JUEH Jalea Caay
(4-3) Js2> Uy=1.73 W/m’.2C  :ea il Jlaall
(4-3) d»> U,=1.82 W/m’.°C el
ra Al call a5 ) jadl JEs) Jalaa
0.8 1.72 1.1 — K
— — — 10 f,
1-3 1-3 1-3 2.3 Jsia
2 Ly Ly L3

2 002, 01 , 0.02
Rr=—+ + +
10 11 172 0.8

U=1/Rr=1/0.301=3.31 W/m*.°C

=0.301 m*.°C/W

daca DU a1 5 all Jlas) Jalea

B as | B | M [kl
1.72 | 1.1 ’ : K
— — — 10 fi
_ _ 0.367 = L/k

64

sl



il o) el a5 U 7 PRI L O WO Sl Caal) — Fgelicall o glall

[ 13 [ 13 ] 53 [ 23 [Jsa|

002 L 91 —0.543 m%ec/w

1
RT=E+0'367+H T

Up=1/Ry=1/0.543 = 1.84 W/m®.°C
O o5 el 5 5 Al el Jalaa

Bl PAESAREE
6.4 2 6]
3-3 3-3 Js>

) G a5 sl JUEs) Jelae daa
W/m>.°C sl 3 pad a1 5 jall Jail Jalea

2 64 | 1.84 1.82 1.73

:Lg‘)l_)ajl d.a:-.“ L_!Lu:h
Jeal¥l Glaead ) al) Jaadl Cluay Aladl U8 L3 aaw ) 0SLY) s Cang
1 8,28 2l 4 ) all

1(3%2.5) m asill 4 & 1 A8, 4 &
zla ol e sagiadl 5 all -]

Qe = Uy x Ay X (Ti - To)
0, =64 % (1x1)x (22-4)=1152W
¥ e 335881 5 ) 4all 2D
Op=Up x Ap x (T; - T,) x 0.5
>l slmdll ) g il j2 plimd ) (= et S ) )
Op=2x(1x2)x (22-4)x0.5=36 W
A Jall g plall A el il s o ol e 335884008 ) )l -3
Qw=Uy X Ay X (T; - Ty)
7.5 m” =(3%2.5) = el Hlaall daliss
8 m® =(1x1) -(3%3) = 538l Aaluse — Hlaad) Aaliea = 3,00 jlaa) dalise
15.5m” = 8 +7.5 = Za Jlall ¢ jaal) dalia ¢ sana
0.=1.73x155x%x(22-4)=482.7W
4 yall dusa 5l e sa g8l 30 all 4
65



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

Or = Upx Apx (T; - 10)
Qr=1.84x (2.5 x3) x (22-10) = 165.6 W
Adalall Gagiud) g adal sl e 83 58dall 3 ) jal) -5
O = U Ayt (T, — T %05
Aalafal) adal g8l jac 33488l 5 ) jall e
Jagd sl ol jia Lagin 3,1all Clapa (U8 (8 13 Legiids oy 2 Aally ] 3da) o) L
3 sodaally [ A8l G Jeady 3 adalil) L) clagiy Jealdl adaldl) e dliiall 3 ) jal)
bl
é,dmllj 1 48 5l s Jualall d_kLall dalis
5.5m” = (2x1) = 3%2.5 = Ll dalua - aballl Aale =

Qpy=182x55%x(22-4)x05=90.1W

bal i il o S il 5 ) adl @

Qpir = Upie X Apyp X (Ti = T,) ¥ 0.5
Qpr=331x(3%x25)x(22-4)x05=2234W
Al Gl e 53 g8l 5 ) jall -6
Qe = 141% Px (T;—10)
11 m = (3+2.5) X2 =(Laadl + Jshll) x 2 = 43 2l lass
Qe =141x11x(22-10)=186.1 W
IR o A el s 33 g8l 3 ) 5al) -7
A sedl) e 3 g8l 351 5al) @
V=No.xVpe  Vpe=910/s (6-3) dsan
V=2x9=18 /s
rJanl) s o g3dall 3 ) yadl @
Gl il 320 J sl cray
JE A |

L.=No.x(2x (W+H)=1x(2x(1+1)=4m
V= 1.78 &/s (8-3) Jsi (e

66



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

V=4x178=7.12 /s
<

L.=No.x(2x(W+H)=1x2x(1+2)=6m
Vie=3.56 t/s (8-3) Jsa 0
V=6x356=2141{/s
Vyp=7.12+21.4=28.5{/s
o) ading 131 (18 €/5) Aasedl el sn aS e ST (28.5 0/s) JIadll ol sa a8 (f Jaadl

bl (s Jlas)
0=121xVx(T,—T,)
0=121x%x28.5%(22-4)=620.7W
Oroom= Qs T+ Qp+ Qwt O+ 09y + Qppe + O+ 0
Qroom=115.2+36+482.7+165.6+90.1+223.4+186.1+620.7
Qroom = 1919.8 W

Gl Juadll Ali

oSk e L) (g g5a8 el gl JIAS Cana Aliy (e 3 gilall L gusall (5 ) jadl Jaad) aa gl 1]
Ol gl 1.5 m % e 1m bl copuill aila ()98 (g caiuall () Galadll o253 0
Adls Aliay (5°C) Aaulal) caglall 5 4l dlay (22°C) (4 Ll 5 ja da
475.89 W Iz
(glie) Gslla 24 cm Ge 05Sh Jlaa e gise e 2al 5 JS1 a5 ) all Jeadl asal 120
LAl Gkl o Lele ccian) (e An s 4k 10 mm comadl (e Gl Ak [0 mm
A Al oy Hhall (i e plaadl ol Lde dils dlay (25°C) 4dalally ¢ Al dlay (5°C)
389 W /z s

X oaje 2 m el (JAA 5 Jua sl Cus oala ) Sl (e 83 58800 A0SH 5 ) ) 4aS aa 130
(26°C) adalall L_EJJH'I Sl 1) il C.a‘l..a o c&\.a]'l b gia Caal=tl) Zs e s&l.i:;)'r 1 m

94 W [z Adla dliay (20°C) (o L)) a5kl dila Alia,

o A a5 da o of Lle ale (S 8 Lass 25 dal ) (Gaiacl 4 DU 5,0 jal) 43S 2 14

67



il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

3600 W /z Adls Alay (5°C) Aem A G,y ddls Alay (22°C)

12 cm o 15 mm Oe g )& G dalall e o &5 plaad 3 )l jall Jatl debae ol 5
0.57 W/m>."C Iz

A a1 5 ) pm da o o) Cade 13 cpo e e aal s JSIAB je A ) (e B 58N B ) jal) Cusal (G
10 cm b3k 2 cm chlhadll (e dida ae Sl (e dpa yY1 () 5ST (il Aliay (22°C) (2
22 Wz Al A

68




il 5 o sql) oy LA e = SN Sl S Cacall — A licall o glal

3 sall mad (6 ) yad) awm il Jalaa 1-3 Jsan

k g oloal duasill Jalaa s
W/m.°C
0.72 gle Gl
1.3 Jia 3l
1.72 CE FES
1.1 (s ) B3
1.8 e
0.72 Ciias daila
0.80 o Al
0.16 il casa
0.12 Gobh s
1.72 ey
0.036 Ol
0.036 PENE R P
0.04 G e g9

Cagiadl y o paall (Ailaall) Lm Al s A1) o) el el 5 ) jall U Jalea 2-3 Jsan

B1ad JUES) Jalaa e
Juail (f) dasly 5l ol ) 5 jm
W/m®.°C -’
H ik 10 ‘_flf-Yl < it Caad Sl ¢ g8
s 6 Jiay) il cad Sk o) 9A f, sl
sl o lia 8 (a8 Gasac Jaa o Slu g s
G yall L85 34 Clalasyl K| 6.7m\s 4e jons & e gld |
Aa s
e .
LS" Ll 24 Clalas¥l JS | 3.4m\s 4e e & aia ¢l 8 fo

69



@d’iﬁ'r_gc-]_%_l'lt_ig:\ﬁ

ANl Jaa - QAN Juxdll

G Cauall — Agelival) o glall

A 380 g Aala 31 o)) jaadly ol o) 5 Ll U Mlaa) 5 ) jal) QU Jalea 3-3 s

W/m?>.°C
gla
bk e 2 e ce il ik s
1.9 1.3 06| 1.9 1.3 | 0.6 | 0 | (cm)aids JS o ssaill clas
1.9 20 23| 3.0 31 | 35 | 64 5l all Js) Jalae
) Y
3| 7565 | 50| 45 | 40 30 | 25 i) e
Qﬁ .J N - - . " - - (Cm)
e Gl
6.0 19 (22| 26 | 29 | 30 34| 39 o
e e
2.4 1.3 |14 | 16 | 17 | 1.7 | 18| 20 o
gl ala Sl Gelhall e (fae jlaa
Aol gl Jdos | s ;
ighall | kg Jiasl =
3.4 68 (10x15%15) cm 2l G sl s als ) jlas
32 68 (10%20%20) cm bl Gidall sl ala) Sl
3.0 78 (30%30%30) cm ala ) Gl dasl ala ) las
27 ox (e 4l ae (10%20%20) cm b 1 3 gl slasl als ) jlas
. oala 3l o gual)
55 qg | 0%k (30%30%30) om ala Sl G ytlal sl ala ) laa
: eaba ) Lo geall
S zls
Z33e ; o
Iem claw 3 28 as e g
i lna 3 e lua Jacadll
4.0 2.8 79 | 4.9 oeadl) Al ) (i e
3.6 | 2.4 el dxidl ) (a yra e

70




il ) pell Caps

ANl Jaa - QAN Juxdll

G Cauall — Agelival) o glall

(hak £3Ua) W/m2.0C o ssall g 158 Gandd U Maa¥! 5,1all Jiss) Juloe 4-3 Jpon

goh ole Oy | e
lem | lem | oo | Dl | Jlaall | caasll A el
oaky | pes | s Kg\n‘f cm
2.56 | 2.33 | 2.73 | 425 20 Gsih
1.87 | 1.76 | 1.99 | 600 | 30 | Jiin xbu
148 | 1.42 | 1.53 | 844 | 40 | wlicls
221 | 2.04 | 233 | 390 | 20
170 | 1.59 | 1.76 | 586 | 30 | s galsc)
136 | 1.31 | 1.42 | 781 | 41
3.58 | 3.12 | 3.80 | 488 | 20
295 | 267 | 312 | 132 | 30 o
256 | 233 | 267 | 976 | a1
1.99 | 1.82 | 2.04 | 1464 | 61
182 | 170 | 193 | 127 | ,, o L
136 | 1.31 | 1.42 | 195 | 30 | &
392 312 [ 426 | 342 | 15
358 | 278 | 3.80 | 454 | 20 2240
3.24 | 2.50 | 3.46 | 571 | 25 kg\m®
295 | 227 | 312 | 683 | 30
170 | 1.59 | 1.76 | 195 | 15 o Al yh
136 | 1.31 | 1.42 | 259 | 20 1280
1.14 | 1.08 | 1.19 | 322 | 25 | kg’ S5
0.97 | 0.97 | 1.02 | 390 | 30 u
0.74 | 074 | 0.74 | 73 | 15
0.57 | 0.57 | 057 | 98 | 20 480
045 | 045 045 | 122 | 25 | ke’
0.40 | 0.40 | 0.40 | 146 | 30
2cm | 2em | O < L S e sl
o | oe | sl s [ I
182 | 1.82 | — | 260 12 | & .‘ﬂ"‘ﬂ
15 173 ~ [ 5w 207 o
15 150 = L] N

71



Zlill 5 e sl oSS ANl Jaa - QAN Juxdll Sl Caall — Aeliall o slall

mMZ°C/W Ll 350 Giandd R &) sl dagliad) 5-3 Jpn

o)~ faglia
‘Jli):L/ !j G5l A | e ey 3Ll
m>°C/W kg\m® | kg\m’ | c¢m
0.04 1921 A e
0.005| 6 1921 | 0.3 Cian) 5 Crssasl = ol s o1
0056 8 | 801 | 1.0 oAl ol pen 7 =
0.079 | 10 801 | 1.3 oAl sl s 2
0.141 | 195 | 1921 | 10 gic) @ sl
0.077 | 210 | 2081 | 10 dita 54l
0070 | 93 | 1217 | 8
0.125 | 112 | 1105 | 10 s v
0.160 | 156 | 1025 | 15 SRl
0.195 | 210 | 1025 | 20
0.225 | 308 | 1009 | 30 5
0224 | 73 961 | 8 e

0264 | 83 | 833 | 10 .
0352 | 156 | 768 | 20 ==
0.400 | 210 | 688 | 30

anll (e pdald

0.222 54 720 8 —lia (75%30%7.5)cm
0.238 44 560 8 LA 4 (75%30%7.5)cm
0.04 | 0.294 63 608 10 | L 3 (75%30%7.5)cm

0.03 1857 i) B =
0.02 1921 peli oo “j;"l“
0.04 2241 B IS TP e
0.04 1857 san '
0 | 1857 i) e Ak, ke
0.018 | 23 | 1857 | 1.3 ey
0.026 | 35 | 1857 | 1.9 e
0056 | 9 | 720 | 1.3 ol e A 3 3a
0.03 [ 0.069 | 11 | 720 | 1.6 ol e Rl BVEN
0 | 1681 e
0.016 | 21 | 1681 | 1.3 e

0.019 | 27 1681 | 1.6 Jey

72



G_uaf.'\ﬁ'r_gc-]_%_ut_ﬁﬁ

ANl Jaa - QAN Juxdll

G Cauall — Agelival) o glall

mM>.OC/W (&) elidl 2 e (and R &) pal) 4a glidll 5-3 Jpaa

B i .
Rl cliEael = Cia salall
m’°CW | Kg\m® | Kg\m® | cm

0.037 1921 (S s B3
0.026 1121 Clauy) e 4l o
0.077 1121 ClenY) (o alad 258
0.058 11 1121 | 1.0 Dala Caa
0.07 6 1921 | 0.3 i) adad

0.367 B T

0.39 T (o Tk pe o | (il

0.217 400 Cald adad all
0.009 6 1761 | 0.3 ool gl Jallas

0.04 0 0.3 L3

Us.p  (C=lod¥! ae oy ) il el liaS 6-3 Jsan

Jaé (g-kie CpA aladiny|

7 9 sl Loliie | (385
12 14 ) 3 Al ek

4 5 D 8 o ¢liad
5 7 a8 5 s s Jlla
12 14 CaiS ey

2 4 g sias ol

14 24 laa S 5l s e

4 5 & sia —

4 5 g sias Jalea

12 14 g s Aald G e liding
7 9 g sias Ll Gl yaa
12 14 s ol

7 9 Uanddl <l yiiaa

14 24 las el glaal i 2
7 12 g siaa oala iSa
12 14 o sie oot i

5 6 & sie i ol g o ol
6 7 a8 5ia acllae

2 4 g sias T e

5 7 ) g

73




G_uaf.'\ﬁ'r_gc-]_%_ut_ﬁﬁ

ANl Jaa - QAN Juxdll

G Cauall — Agelival) o glall

B/s.m’® caSall plimdl) dalice Cava Aol 4y peill cilaaS 7-3 Jsaa

ga\ie) (A Jlasingy!
1.6 ol 5 al8 4
1.2 | - i.._n.m_,‘:-'r}h cﬁdulﬂ_yu
0.2 £ _yiaa ) gl
0.5 g sian Jalaae
4.7 | - Ol sl a8 ga
9.4 § giaa Gllee o e cliidiua
1.6 F sias dald o e Oladii
1.6 aiS J3alis
189 | -——-- prba ks
94 | - (Sn fralas
5.9 laa S Slelaal 2
1.2 £ sias oala i
2.0 F sias L y)La
94 | - el oA Cnw dania (58l e

O/s.m bl g Gl oY) A ol gl JIa5 8-3 Jgaa

{/s.m
gl Sl e | Ul 50 00 Y RPRE Y.
o _pill ) aila
0.34 0.54 il Lo gin Sl
0.50 1.78 ol g "
0.45 1.44 o A i a5 =
0.82 1.90 EURTN
0.93 1.86 el S s
''''' 3.56 puall g0 ) ada 5 aas
9.90 0.3 cm Aal dlew giall 2 i
15.47 I om il dlaw giall Jau i hd
20.11 0.6 cm Askll dlaw aiiall g0,
9.90 0.3 cm A58l dlaw abias Sl

(Sl ol Maall 32 85 LY Cp Aalall) (A o o rdaall

74







gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Cooling Load il Jea

Introduction dadia 1-4
Al sl Jlea¥) e (e 58 e 20 Jas Jalay
Sensible Cooling Gain o ganal) &5l Jaa -

3 O 039 Oe 50 padl Aa 0 ad ) Gaa g i) Jals A il Sl Jasiall ) jad) Jasdl s g
Ailiss Ga g 62 shll (5 ginadll

£l g Jaal) g Ja gilly Al cuS) 5 e ATREAN 3 ad) e

ZLoN e JAI JELal uedl] pladY)

Al s i) O o) ggd) G edlg Ay 9l (ra ) geanall (g ad) Jaad) o

gadal) Clanag B,UY1g Al Sl B 3gally el e Agiadl (ugmaall o)Al Jaadl e
s

Latent Cooling Gain Gl bl Jas -
calascan cyo 6] sgd) o sl M g Bl CASBEN 6 st g ol Janl) gag

_ﬁ)ﬂld&hu_tﬁﬁ.a]'lQ-UGJ-‘(__#JLJHGj&diumilm@mlga&lqj‘)ﬂh}aﬂl 5
,@MﬁﬁwﬂﬂlMJAgéﬁLleLi.Jdﬁj&agﬁngbaJlMl o
Al 4l 3 3gal) g cilaedl) (s Jas sl gé Sl Algl e iUl g ad) Jaadl e

ol g (o ymall 3l G i (1) JS Oy

B!
)
] 4 SE]
m. 1y
s ; .
| kel oy ' £t
_-L.\[»'x-ﬂe-'-;a ' S
T pedlaall Cpaaill Amai L 7 T o
cladl yo Juay 7 :"___ = % = : D
s D -
(i-_u'-ﬂ_::ﬂ




gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Peak Time Byl cdy 2-4

Cusal salaie] iy oSay La ST 48 250l Jas 58y @3 c gl aily 55,00 Cy (e
Euuy1ww13jljﬂ‘duﬁsjwaﬁd1m‘1mJ'IJ:..“L)AMSAJ'IEJ]_)AJ'IU1 J_._i_).\l“J.aA
A Ay R sl s ) Jaati Ll g bl a5 ) gean 3 pdlae el ) Lo (el Al Lo i vie 4l
& Aigaall 3y all G ) 1 oy i Bae 2 Lhladl gaad GV, A S g8
Al 8 ma Gilasi¥) 13 el Fis edall 2ay 6 - 4 O 5 seanall Baall & GV AL )
@Al daall 8 palas) i o g (B cpeeldll e U8 o) Jlaad) Lo A gee eadd)
ulbi&i}&a.u])‘}é@bgﬁaj‘)ﬂ1tﬁ§jdééu3ls_)@.l:\“.l:_.is-2%3_}}@“.“5&4.“@)&.&3
aly)
'uw

S8l Jaa Sl g% 344
Solar Gain — Glass  (wadd) dadi Casuw 380 gil) cpa 413040 5 ) jad) -]

m;ﬁjgcjmmgnmk)_\wsamqycujn@ﬁuw:snuijn)aum

e Al il aiedy i) Jals 3 o €Y1 6 Jally czla 3 2 o) B (e Gl g

Aaniond) doa LAl lalall Jallaal) Bl gy (el A Ja}mm_,l_)}muﬁn.am}u,ljchjlidma

el e JLAJII&LI_MYIIMUJS030(155LAJUJ=_9B.GMJIJJJSJJM‘C1_"L_)H).LA‘JS‘_,J.“

13 %49 Lr\J Al Jual 5 (°80 o) 451 5 il 1Y) %52 (I Al 038 daT 5 (Y87 2 5oy
)l pe Jlll wedll glSY) (2-4) JSAN g alala il i

AEY) Asleall G zla 3N jae 5Ll 5 ) jall S Caal

AL phu o Bl plad) | Q,=SHG x A l

IESRIR W’“‘ (1 -4 )JJJ; (350 (o B uwn SHG
ol e e plad) m2 JLm.‘.k daliwe A
_)LA.“ uuuu.ujl &L’.ﬁ:}” 2-4 dS..Ja
zal e

77



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Doors & Windows Heat Transmission <ubdl) s o) oY) jue Al 5 ) jalla2

‘_').._LL:IM.“ L_)‘.’ua‘ﬂ-)a.“ Q\AJJ LBJS Jﬂ.l i._ﬂj.i"}” ji G\;.Jj] 2ala Re EJJLH.“ BJ'I_):..“ L‘EAJ
Y] Adolaal) (pe oad g ;@JEJU ‘HAM.“

Opig= Upjg X Apjg X (To = T) I

)

. o T C1_~_J_1'| N PTR Qng
W/mzoc(}?))d}h ren _GLH_H s ....... Umg .......
e uwthhJ” i ADKg ........
°C A lad) sl el ds Ts
°C o) sl k) B, o M 8 T,

Jaadl e eadd! Ak o AR ¢ duuiSal) 3 1 jal) 23
Solar Gain and Transmission- Wall

LL!IA_)JLE_)BL_\.L.\.MJD;J'IﬁM‘aJ‘JﬁM-Ié&h@&j‘#hﬂ1‘;‘w]3)1)ﬂ1&ﬂi

e Al y 5 iindll e Aad) i ALl 50l -2 el Tl y Caall sluaill o 5 ) yal
c!:n.u.“_, @J\A—“ ;.'I_,d_“ 34;1); L,‘?‘;J'J (e X Prexy J‘J;j] u_lc Laalld) (Eu.a.&.“ &L‘I.:n“}” A% pad
_)ADEJ'I#ILJL;JJ&_)&JL&D'I@HYUA@?‘1&&53&)‘&@)1ﬂ‘uﬂ1jjlm®)m‘
Slasd G5 of A Adal 550l Aajay A Al Bylall Aa g Gw L sl L Jlaad)
e laadl Glawg ¢ ylaall (L Bala g5y s(_)'lﬁ:..ﬂ nl;;i'l) ol laall a jed (g2a e dixy 3 jall
@M'IEJ‘I_)AJ]Qh)&éﬁ@mﬁ&:&@d&am1&1jﬂ1¢n;‘ﬁ\ﬂ szle;_)u'lc-‘}g_“]i_ﬂ‘);aa_.‘)lj

laall
Equivalent Temperature Difference AT, Asal) B ad) cla o (34

Al QALY Craay 480 jall agand) g ) ol (AISATN 5 ) padl Sla j2 (54 (2-4) dsaad) (o
oeadd) Andl cu laat) pe AtEiial) g A€l Bl sl

u-!«... n_j "‘ ws “ E__)‘_)':'“ ‘.: ,a'i ‘Z.FQLSA'“ EJI‘)aJI L'JL?-_)-:‘ é_}é ‘5:"*"‘ lec' q}ﬂ] {’3 L.-Ji 'l‘_J
ggla LS eadll Andl oy Hlaall e

Q“' = UW X A“r X ATE l

78



il el sg) i 8 e sl Bl SR el — Byoliall o el
) )
W e R, RS 0,
| m’ Dlaadl dalue
OC ) Dy o uﬁ\&d‘ wb:__“ uuﬁd}&w

oeadd) dadil e i) e AlRilal) g dudSal) 51 jad) -4

Solar Gain and Transmission- Roof
o LS o Al Taal ) g a0 ey ) s (S

Exposed Roof sdga A i gl Al ) G gied) -

A 31 pall cila o @8 Glaally 38Y) aag g cpeadll Al ) A yeall Cagiull b

b LS g
Qer=U, X A, X AT, l

RO

W ol il e Al 5 il 5 ) 8 Q..

3 (4~.3) shaall gl ) Gl a5 ) all Qs Jeles
___________ Wi LN (), U
R i) Aalie A,
°C (2_4) Jgan il JSLS.JI 3yl sall Gila g2 (38 § e ATE

Unexposed Roof 4 il Cig hll Ak pmal) y& cighd) -

YOS I WUV Ry FTJ R S [P Wt 1 S SO FOScJgci ¥1 ST VN PV )
n.._n‘,n.u.\'l (_J-a_)-‘ﬁ?luij smgﬂ'la.:}a_)m‘ \._I_")Jnﬁ:\...a‘):.n“u_i_,u'l )LM‘EJ‘_);J‘J‘IAM
i LS Alaall Ca il g )1 pad) Jaad) e oy (3380 8 LS (5 ) al) deall 4 jal)

prr =1.5 X Up;‘r o~ Apfr et (To = T.) I

79



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Heat Transmission- Partition b sdl) e Alial) 3 ) 2l -5

O Cigpee s LSy dlgumny e Capadl Juait 1 300 202000 o) paall Ly adal gall o ya

sl Y (0.5) deleas 31 al) 4aaS ot 1A cdm A1) Caglall dim e 2 () y0a) 038

liaill T pul o padl Juumilly Riell 55 all sl B alldll e Jua gl Sl
(> Bl

Q, =035 XUy X A, % (Ty—Tj) I

o )

W ) e Jpem iy QA 5 ) )l S I
W'/ﬁié}(”:m””” (4*3) i i MM Up

nis? cjaum sl A

°C Tax 4,\;11 FINEN | T

Heat Gain People 4l AELd Gasy 21 g3al) 51 jall -6

lisiy ((Metabolic Rate) oa¥) daray Gyl awa Jaly algiall 6 all e
5ol Aa 0 il 1Y (L) s Lo AU Adladll oy AT ) Gadd (e A Y aadl)
AN ) G g ) e (8 43S0 3200 30 5 ) jall o8 379C e AL sy A
AV @)kl
(s sma 3 ya ) AN Tsall ) iyl asa e plady) o
(A guuma 340 m ) ot g Jaally 3 5) jal) Jls) o
(B8 5 ) ) el Aglae oUST 3 5l giall 4 pha yl) Adla) ae (Y] ansn (00 (al) A5 e
o e LS S 5 ) pa g A guuna 50y o LYl ana (g 520 giall 5l jall ands Gl
il LS Al 3Se J (pe 5] giall A3alSH 5 ) el a8 Class (Sans ¢(3-4) Jsaall

Sensible Heat Gain- People ualad¥) cuus 5 glall dus guaal) 3 ) o) =)

Q,s = No X SHG l

o

__________ T T prs —
. oalaiY) dae No
W/p (3-4) Jsaa paddll (e Aagiall A guanall 5 )1 jall Jaxa SHG

80



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Latent Heat Gain- People ualaa¥) (e 31 gial) A%alsl) 3 ) all -

Qpi’L =No X LHG l ) B

......................................................................................................................................................................................

Heat Gain- Lights 35 (e 33155l 3 ) ,ad) -7

slmdll ) S5 8 ) ja g o gt ) Al oS AL sat Conn B gaina Byl s Al g3 3 ,1Y)
glaadl s S 5 5lall 5 (glaBY) Fluadl Gu 3 A1 (3-4) JSA) a5 cdaa il g g ladVl 5 Jaalls
Bad ()9S5 ol Lo iy A ) 8 & slaall menliaal) sae 36 jee Jla 8 adl HSAL uaadl ey sakie )
OSay Al clilatl) 3 A8 ja0) Aalise (e aa e e JSI Ul 5 25 (5 ghast Baal 5l A jall 8 BeLaY)
b LS 3 UY) (e Bl el 3 ) ) dlabaa 4308

Qiig. = N0 X 0.9 X P l

o

W LAY e il a5 el RS Qp
zsbad) 2x No
W CLIAAAM BJ.\E P

,-/-'-\.
_ L A
@

i Hlalhl = Lisa
SIS Flias Cale sl ¢ c-

60 W 53| Tluas = 40 W il gl =20 W g auaidl rluas

L) muladl ¢ 5 3-4 JSE

81



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Heat Gain- Appliances 4l ¢S 3 3¢a¥) (e 32l giall 50 ) -8

«lBle g elalida g (Al 58 S jaa (o Alaniisall 400 (eI ilamall aras 5 a8l o8 Jadd
W ylaie ol Sl 15 50 s Caai ) 350 W58 il By ) hull) Aaglal) Dle (A uiKa Cland
SloeSl Ll Juay] die 530 W lalaie 3 ja A4S Cixy 600 W 330 50 gulally 175 W
iy (A€l claaall) 5 5S35 5eal) e sl 5 all it Say A calee (58 (e )
syloall S Z1 ALY (4-4) Jaaall aladiul (Kaps lea JS A Y dalue 0 47 W/m®
bl e B0 o B A Bl ey il om0 s Rall TRy gl
fee WS ghal) oamy A
Sensible Heat Gain- Appliances <aal) cus 5 giall du gesanal 3 ) ad) -]

Q. =No X SHG l

)

w —— QA == —wrw =
| 5 eyl 2x No

Latent Heat Gain- Appliances <asil) cuscy 341 gial) 43alSl) 3 ) ad) -co

)

Q.1 = No x LHG I

Y aae
W (4-4)ds O 53k S (pe 43alSN 51 jall ke

Heat Gain- Motor 4l <) ClS jaal) e 341 gial) 3 ) jad) -9

Aglanll L 38 Crny 300 Sl IS jaal) (e Ziegial 3 ) jall 43S (5-4) Jsandl Gay
el onall e JS 25a g 2ind aSall pliaill ) Ao Sl oSl & aall 35a 5 (JSa G Shud
ol 2smg die Lal sl plizall ) L) 50 jall LS ol 3 Casall pladl)l & Al
Ll () g0 sa La Bl el g8 Gy o8 ()68 Daiall 5 ) all ApeS 8 oSl plaill 2 &

Al Aabaall e Talaie | 30 giall 5 ) jad) 4 Glua (Say 5 ccas€all sladll Jals

QM=NOXP l

ol

400 5SS jaall (e Aaaial) A gueaall 3 ) jal) 408 Owm
(5-4) Jsan SIS ) (go Fimyiall G gunnall 3 jall o P

<

82



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

Heat Load — Ventilation 4¢3 ques ) ad) Jaall -10

lias ol dal ) cllliie Gaad) )l jaiuly 4853l o) sa Jaad (e AUl 50 all 4
o) sed) S Claa (S (olusY) alidy 3l S5 Jeadl Qagaa Caniny 4556310 4 slladll o) 5l 40aS
A 5l Ay llaal) o) ell AaaS 1 3L LS 7 5yl Ul Juaadl) 8 S LS5 (300 yha Bamy Ay sqill (o glladl)
Aseill o) gn ApeS lual 400N Aalad) adiali s 48 2l dalie (3o po e e S8
roaddl) e o llads) -

V= Pe xV,, |

e lLadll dalua ula Jalais ) e

VoA x V. |

o

E/S u-au:amag}@:\nu)!lnd'l c.'lj,e.n?a.; V
COsp | omiiOS(6-3) Usta om sl sllad el pan Vg

Jaa AV 5 (u guna L_le_,;J.an.ui (Cpanid o Lﬁﬁ.’d\uac_"l.dl @Il Jaall audyg
ORBS s)) a

o genal) (51 ad) Jaad) -]

.Lg;.a]'l_g u,_ls.qj] elzadll O BJ'IJ:..“ LL\I:_.J.J LSJE’ [EREE u.n_,.m;.d'i L";J‘J;'“ (_IA:..“ C:l.\;ij
"l,_l:i‘}"l “JLM“L}AL'_IM‘_‘S Q_‘:.JL-:;.“

Q,s=121xV X (T,—T)) l

b o

W e Al Apeaal Al B8 [ g

¢ S sLadl 3 ) m ds o




gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

(salsd) QQJIJAJ‘ Jaall wn

:@S’\ﬁahﬂllw%} s@_}L&JL‘nMUQﬂSAH gl_hﬂlwg:\)h_)ﬂd}f\a.d'l L})Su_mm&}

Q.. =2.98 X V X (W, - W,) l

o 3)
W B i tiony AR AR 5 ) ) gl Ou
/s Gl Juadll 8 1 Adiadla iy gqill o) ga ana v
g./kg, AN Janall gl ) (5 giaal) W,
gv/kga 48 jall sl I (5 sinall W,

Infiltration &) s¢d) JIa3 G Ala1al 5 ) ad) =11

JSEl (A Gase LS el g o o) (Bl AlSa) ane o 33 a0 D) JA0A o) sed) AaS 2
aans Al Jshb sy laghisay QU ) dllilll ¢ o0 Je JASall o) gel) 4S 2alaty ¢(3-3)
) Jadll 86 S0 25 LS Jlaiall ¢ gl

AV pupmna 5 a Jaa Laddaf ((pad o o) 9gd) JAS Cpa il g ) ad) Jaadl andyg
(10 3_88) ddsLuly 3 881 8 o 83 &1 LaS ((palS (g ) o Jaa
Room Heat Load 4 all o) all Jaad)

Ll A JLAd) 5 408001 Jal gl (e gl (o) ) Jaadl iy 48 2l (o) sall Jaald) Coyey
e Al ) ) deall audy g eaS 55 e o) sed) a5 A8 Rl 4 sed ge ) o) jall el

Grand Total Heat (Q,) L) Al Jasl)
A9 0o gl Jaadly 43 a1l (g ) all Jaadl e JS ¢ sena (a5l all Jaall (5 5l
AL
A0 Asladl) slaiely zalli (s Slaa g ) dal ol Silas o (g 51 ) Jaadl J a3 (S
_ O
Ce=3516
)
Ton ref uﬁﬂh a.a_,Jn:\a Ax CC
W el o) ) Jasll Q

84



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

ol Lae 085 S il (8 (4-3) S (A A Sty A B (o )W) (llally 40 (3 28 2

Ak 20 mm comall e A0 A8k 20 mm bolge) Balda 24 cm s A ol aal) ]

ey e A s
(3 m) gl cpmall e Al A8k 20 mm 30 2 em Al A 10 em AN )
onlal e ke ae Lol DB 2 om Aile A 10 cm A |
omall e daa LA s dlals diida 20 mm «galieY) Bl (e 12 cm a8l
Os adall A5 ) 1 m X 1 m 2l d8 e S 8 Galaill B0 jie ulad) fpe 3380 telulull)
o gl g

2.5 em daw piall 5oy iall e 2 m x 1.5 m e Jall Gl i) 6

(2.45 cm) law piall (g0 ) Qdall a2 m x | m Jalall QL

Ad e JS gladd (palaly) 7

A jall A ) ey Jeny el Chdae Cllla 8

1m? J125 W el e 5 ,LY1 9

5 Ails Al 45°C A )il cRH=50% «ddla Adiay 22°C Adalall il <agdall (10

Asd ) dliay 24°C

e e sl cliadll 1]

Il Jaadly (palddBU (5 1l Jaally clilly 338N (e agilall (5l ad) Jaad) 22
AREY (g ) o) Jaadl g Ay gl

bh B W

Al Sl a5 adl JE Jalre Cany

Uy= 1.73 W/m®."C (24 Js2) @ Jlaall syl &) sall Jas) Jeba
Up= 1.82 W/m’.°C (2-4 Js2n) ablall Jlaa¥) 5 ) jal) JUis) Jalas

Rpotyligle g 1 | oilidobailihel Jisl M
fl kl k2 k3 fl.

_ 1, Doz, o1, O0Z, 1 26
RT—6+ 30 + 1_72+ 5 +6 0.435 m".°C/W

1
Upf’r =1/R = m =2.3 W/mz."C

1 Jba

<l gl



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

R, = é ¥ 0367 + % e % = 0.61 m2.°C/W

e sl e 20
U= UR_O.& 1.64 W/m~.°C

tﬂ_._l..im'l_’ ;_1'I_,._15U 3_)‘_);.” Jeisl Jalea

Ak b |
64 3TTU
733 3-3 Js

Al S ) Maa Y 5 ) el Qs Jalea ada

W/m® °C bl ) il syl s ) ) Jass) Jalas
U Ug Up U]:u’r Up Uw
2 64 [1.64 |23 [1.82 |1.73

:tﬁ)‘)‘-“ Jaadl Clis
(2-4) dsaadl e (A8l 3 ) pall s 0 (38 (s
Jle CE s G BIRENPEN

114 153 [ 17.5 ] 209 24cm Jisiides
15.6 ol i

BmXx25m)easlldd e ] 8,48 2
roeadl) Al Canng M) 3l e SN ) W ]

Q,=SHG x A
Q, =688 x 1=0688W
ey dlldl) e Al sl sl 22
Qg: UgXAgx(To_Ti)
Q,= 64x(1x1)x(45-22)=147TW
r) oY) e 83 gikall 5 ) yall
Qd: deAdx(To—Ti)XO.S
Janll G 3 1315 o A eliadll Y Gy i e el ) ety S o )
Q4= 2% (1x2)x(45-22)x0.5=46 W

86



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

sl Aadl e glasdl e Al g duaCal 5 ) all 23
J e 3 J
M'Iahﬂ_l_)a‘ﬁnlj téﬂ\ut@-ﬂg“hid‘_ﬂ&;]fﬁ):ﬁ)ﬂ]

Qw: wawaﬂTe
Qy (Easty = 1.73 x 8 x 20.9=289 W
Qy (Northy = 1.73 x7.5x11.4=148 W
Aga Jall Cagolall o yre Coilu aa g Y i)
rlahl il e Alall 5 AasSal) 5 ) jal) -4
sz‘r = 05 X Upfr x Aps’r X (To - Tl)
Qp;r =05%x23x75%x(45-22)=199W
el e Al 5 all -5
Qp=0.5 X Up X Ap X (Ty—=T))
Qp=0.5 x1.82x55%x(45-22)=115w
il Jeld s 33 giall 3 ) yall - 6
row smnall (5 ) all Jaall sl
QP,S =No x SHG
QP,S =2x83=166 W 33 Gd (3-4) Jsaa

ol 5 all Jeadl s
Q0,1 =No x LHG
Qpr=2%48=96 W = G (3-4) Jsaa

BUY) a3 il 3, 5all 27
O, =25 XAX0.9 =253 X753 %x09=169W
rlandll e 52 giall &) jall -8
(ias) A ganall 31 jall 4
Qas = No xSHG
Qas=1x667 =667TW 33 (4-4) ds>>
Al 5 Al -
Q,\;L = No XxLHG
OarL=1x116=116 W =3 (4-4) Js

2 58 W A Sl GlS jaall (e 32l gl 3 ) 2l -9

87



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

DA gl s Alsiiall 3 51 el 210
s (28.5 £/8) o) sed) JIa Jana (3 jaual (18 £/8) Asedl Jane (5 € e puiall o) sl aaing
AIEN Jeaill (e 5 JUa (B dlas o
o gmnall (55 all Jeall .
Qs = 1.21 x Vi x (T~ Ty)
Qis=1.21 x 28.5 x (45— 22)=793 W
:al&ll (51 all Jaall -0
W, = 10.2 g/kg, g2yl bl e
W; = 8.7 gv/kg, 2 paall aladall (e
Qi =2.98 x V x (W, — W)
Qin. =298 x28.5%x(10.2-8.7)=127TW
(Rsed Q) ARl o) ad) Jaadi -1

Qr=688+147+46+289+ 148 + 199+ 115+ 166 +96+ 169 + 667 + 116
Qg = 2846 W
eyl ol dasdl 212
Q,=2846 +793 +127 =3766 W

83



gl o) sell s RO PO I EaEl) Canal) — Lyelinall o glall

2l Jadl) Alid

4
c4OWL5_uJSE_)J§gJJJJi CLu.a..o 18 &lilia sh‘_gun_).‘w_gt.—llu:zl-ouj‘; (é_}iéiwbak_‘h‘:
Al 4y 22°C ) (& Adalall gkl o) Lale ¢0palSH 5 (o ganall (551 adl Jaall laa 2
1066 W« 3723 W /¢ (RH=50%5

20
ke aa gl 44 KW (5 sk 7 puall Ja0s ) AR 5 ) ol laia g (adid 500 a7 pae
(b Ay 24°C ¢ A8l Aliay 45°C) das il Ca okl o lle oz yusell ST a5l Jaa
167.5 kw Iz (RH=50%_ 4ila alia; 22°C ) 4dalal iy yall 4

B

Alds ((4%2) m* dabuw Gl el 5,8 ek @bl o (g giay dlany Lisa B S gl sl
D) g3 Gl IS 13 (3%2) m Aaleay B8 AT dld s (3X2) m dalawy o i
3l o4 mm s gla )l ey cainall (53 Galal 3 jie i) @ile JUal (52 e g
osadill Al g Joaa 5l 3 51 pad) JUEE) Jadd) 380 3l Casnns GalSH1 5 (g guanall gl ol Janl
agohall g o(Rda ) Ay 24°C Al Aliay 45°C) A LAl Cag lall (i ) () sedl Jlas
254 « 151627 W Iz (RH=50% ila iliay 23°C) 4a1
W

4
gl ) Gl 530 (1SLek (m o) sedl U5 ey il (o sussmal) (6 ) )l Jasl) 22
(g€)) 1.5 m ¢« o=e 1 m) <l Al “r‘)“-‘ll'@uJLL"u.ﬁu“.—’“ﬁ-‘l'wu&“ﬁ-ﬂ-“}

644 W Iz [(A8s Ay 22°C) Adalall y (48la Ay 45°C ) 4 lall oyl ()

a5l 5 ) jad) JUEH y Guadll 4adY (5 51 padl ol sy ) (5 ) jadl Jeall s 50w
Janiaal 131 (5 yad) Jandl () oS 13l el el o giall sladly ((2%2) m? dialise Ll pe
Ol Tale cala 3o ol gl sadl Jasdl Jil 01,3 em s 450 98 5 gad Lagis zrla 31 o 50 3
liay 22°C ) Adalall g Hhall g o(Auda ) Abiay 24°C ¢ Adls Ay 45°C) Al oyl
1652 « 2852 Wl/z (RH=50% s 4>
W

160
Jalea ¢« By Jlas 6 m 5 258 Dl 5 m b A8Sa 5 jlee 90 JAN) Gl b ble (S
S Sl Ol glaas RIS OLAY sl ¢ 3 W/m®OC s lasll sl sl Ju
J:n.;..._g.wu.a...u:;_)l.bi _95‘_341’_1.“:_3.‘1_)» u_t_g.nﬂu'»}a c(2m X 2]‘[]) J‘Lubdhmg.ls.qﬂ
Mﬂy@hﬁo*&idﬂﬁ_gua@!@%@\greau‘)u.\l'lcﬂ_a_)ua'lt.acua]'l
5ola da o o Lle ¢ 25 W g JS 5508 4y gl mdbiaa day )15 400 W 4iasi L pusne
g‘/kga JLa.l'rJ u.la'r.ﬂ'r w..!}l:‘)lll s sinall § 45°C 5 22°C s Hlal) o A lalall adlad) alianll
(10 5 8)
17,8 ls Iz Q5 ol gl pan -cv 21 Ifs [z Asill osllaall o) gl aas -2 SV Gasa)
144 W ¢ 249 W [z =lad¥) (e i) a5 (o ssnall g ) o) Jaal) -
5844 W  elsell JIa3 (e 2l (g ) pad) Jeall - o
4491 W [z aall 81 g )l hall Jaall —a

89




il 5 o) sgl) (a3 50 Jas - ol 1 Jaadl G Caal) — L liall o slal)
W/m® (°35 Gase bd) zla 3l DA el plal¥) o (ad¥) (5 )l all sk 144 Jgoa
Jlaad) slad)
i |
| G [0 [ e [ e | g | e
Qs | g | e | T | O] s
i
811 114 435 688 596 413 596 688 435 i
G
489 69 76 524 779 795 779 524 76 WA
P )
°C Aulsll cagiull g o) jaall (ALl B ) jall Sl )3 342 -4 o
Jalea
Juads sia | s | e L | Qs .
7 b 2 (i . - 3 Ladi = taad) alad)
s B Aod | T = b J FIN Jaadiela
W/m®™C
J'I-L_t-l'l Slaw
17.4 | 203 | 183 | 13.3 | 13.7 | 153 | 12.7 | 10.3 1.53
36 cm
lasl e
156 | 209 | 100 | 175 | 166 | 153 [ 12.3 | 11.4 1.73
24 cm
% = & sﬂAuJ'l-hu
g 14 jlaas 4 .
mend A0S i sadie 1.82 5
15.6 2.87 (00 Cil
W/pe ual;.;l“}!”l B M‘ :Lmls.“_g MJ.MMJ‘ EJII_)A.“ d.‘l.u 3-4 d_;d_a
CiiSal) plaadl) Aot Ao 3 s A s
22°C 24°C 26°C 27°C 28°C g ALl dagils
26 | 75 35 | 75 41 | 61 45 | 57 51 | s1 el Al o sla
36 | 80 46 | 80 54 | 62 59 | 57 64 | 52 Cilaala il Jas - sla
48 | 83 59 | 83 68 | 62 73 | S8 78 | 52 “3“;5.,;1"“‘ o e S
61 | 84 71 | 84 81 | 64 87 | 58 93 | 52 i juaa (ea g iy
67 | 93 78 | 93 90 | 70 9% | 64 104 | 55 polaa il e
112 | 106 132 | 106 146 | 71 154 | 64 162 | 55 dlas s Je
131 | 116 152 | 116 167 | 80 175 | 71 183 | 64 Cla b gia 34>
157 | 133 180 | 133 194 | 96 203 | 87 212 | 718 B s B
245 | 175 268 | 175 280 | 141 286 | 135 290 | 131 S gilas Gl Jas

S0

COAlS 1l g gauna 1a




@M]jdﬂﬂqﬁﬁ

50 Jas - ol 1 Jaadl

G Caall — dcliall o slal)

W 48 jall 4965 a5 a2e aa Cilazall (e 32 giall 3 ) ol 4-4 J0a

(rals 4 Gia &l dnal)

102 392 2.50 Anus il S 5568 (31

131 247 (Flkd Aalua e 0.2m? 8! daddll ) s Flb

812 1218 plakall (i 51

957 2233 AEE T el Al T LS

116 667 L9 1600 4 1000 dan jod s

6960 6757 e Mhuas

7134 1769 070 daus uidla ddan

29 261 Janl) 8 yieua JSun A2 g
Wl 5l 28 sadl ope 32 2a)'s ol sadl 5 ) e2s
B [ o e 3 ol doad | Jdad [ &
;sz Ecajegﬂ\ ) L;ff:]j d-’:’“} LS ;tfis..jd?b £ﬂ1 4 ijjl; "!J-T'-“!Li.:-‘j
FETA (I & Laill Sl L= FER A oLl ki o
z s sl z s sl
1319 7474 8793 10 56 38 94 1/20
1847 11196 13043 15 64 62 126 1/12
2198 14948 17146 20 76 94 170 1/8
2579 18641 21220 25 82 126 208 1/6
2755 22393 25148 30 106 188 293 1/4
3810 29896 33707 40 129 249 378 1/3
4690 37224 41913 50 158 375 533 172
5569 44844 50413 60 220 566 786 3/4
6155 55982 62137 75 199 744 944 1.0
8500 74741 83240 100 278 1120 1398 1.5
10552 93206 103757 125 375 1495 1870 2
11138 111964 | | 123102 150 528 2242 | | 2770 3
14655 149481 164136 100-250 821 3752 | | 4572 5
997 5598 | | 6595 7.5

g1




caldd) asl
Ausil) cila glata

Air-Conditioning Systems

I
|
- |
I
o _f— |
o —
! L
—_—
—————
e ——
—————
———
—_—
———————
—_—
—_——
——————
—_—
—
—_—
————
—————
—_—

/11

koko Misa.coml

52



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Air-Conditioning Systems «iuSill ilaglaia

Introduction daia 1-5

dal e A sl 5 40 5l o) sl al s (8 Sal) e 50l sa sladl o) gl CanSE a sgda
deliall o gell CanKs AVIs il dal )} ol gell Caus Laadal (ppal 22 AdDle oy la yd
aiy s day e A il 5 shaally ol sl Alalea & Al o) sl (eSS Adee ol el sl
alall juall Jelil s )l cilillatie 881 gal day § o Ay yha g 45 gl g 48y gka )

o) sl oS e glaia £ gl aal s 5l Al Jaaadll 120 8
Window Type Air-Conditioner g £l sl hnsa 2.5

Al A peany Lo 433 (ad ) s (Jlaninal) Ails CapSill 5 jgad e o jlaall Cagall ae)
Jalas L sl «(Btuh) deludly &l 53 5 ) s 3355 4000 (e balsie) & ol i Clans i) gia g cidlana
s i (1-5) JSEN Gy iy ST 5 (2 TR) doles L gl (24000 Btuh) o) st ok

B

GOl ol el -5 JS5
s ol sgd) Cissa g1 al 1-2-5
AV e 3aY e dale B sean 5 plaal) ol sl e )5Sy

il adla iy Jamial Jasfiy g caSall (3 o ) ¢ 32l g8 5 :Compressor helall -]
Y Al Al o) a1 (85 S ) sall Jaelizall Jasies s ¢ ) sall g 5 (e ol lns 5 Ll o 5S0s
i 400 58 A ) sall e lall llgiug 5 35°C e )il Jamall 5 ) s da 50 b oy 3
Jead Al Bl o)t 8 Lalie & gaa il e lall of e A gaa il kel g
S50°C ) (otal dasaall 3 o da o Led

93



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Glo i daulas il e 8 oyl a Jolse e 3l a5 1 Condenser —&Sd) -2
3yus el sl 3 pall g il o g g ouladll Canlil e Aide o il (e pial il Giile
Sl IS o) gell ady agiida gy (3o O

cale § @b Aplas il e gingy Lad s Jle a5 0 Evaporator sl -3
s YA Ga axday Al JOA e el gl Coms Aa gl asis o psdY) e A giiaa

L e il il Jilas Jania pimda o4 sl 3ol 44k 5 “Expansion Device 223 slal -4
el ey of V) coaa 8108 sale (g el sl Jamig s ¢ ydal) i ) S
Lol g el dlaia andis o Sy &y Hlaall

OsSh g b adl Jala sl jadl da o (e 5 ksl aadiun 5 0 Thermostat )1 sall 4a )2 plaia -5
A dga e allg g (g nd sl Adaul 5 agle 3 kel o T S 2Ue (e

r IS el (p)ena 9d (AL eS @ jaa Jasiuy Electrical Motor 2beS)) &l -6
& Al A e Centrifugal Fan S s 25k A5 e day 555 ¢ Al g S s g 5
. Axial Fan s saal) g sl (a0 388 S &y ) Alenianal) As g all of o

st Lghyll s3le sale o gginy ol sl 0o 3le s Dryer  <héad) -7
A B lall Balal) ol gia) s pad et USWd Jeatudy Cilans 3 ) gm0 S35 (JalSlully
el e il 853 5m ga (593 3B Ayl ) Al ) iaY S 2y Chinall i g g Rkl

o) ALs U ¢l sell rasd 5 45l g colsgd (B ybas Jaaal) U auia :Air Filter o) se)) 7ol s -8
i) e Soudl s (e plaay 5 ¢ )il

o ohaudl Jlea o &l 5 36aY) a3 0 Remote Control 2 oo aSadll Al -9
e gty «asdl o dide 46, K da g 3k oo dlld Ay oo @Sl dae
IV ey e oo aSatl) Glea b A el Ge V) el peall Cand AalY) Al a8 duae
Of Sad ailila) s Sleall Juandt e 5 gl o5 any o aSadll Glea e @il ) LSY)
Sl ez kAl el 5l 3 )] a da ay pSal)

e (Sl y helall) CadCill sas g Joadl Jeatun g :Separated Wall Jslill jlasll -10
il laadl 138 Jeatuy o(Ddaad) dngyay gondll gl sAaall) ) sasy el sl
sl puall Jie (e Db (B & 5l Janiosall o Al ol 56l e Caall ol gl LaDiaa)
D all g 3 ol ot ghem Aoy ol Jualll jhaall ety el G e Sail
Lo 0l sall 02 oSl g e gl a AN o) 5l (ha ¢ s AiSA)

sl Cifa iy (3-5) JSHI G o b bl ol sel) i o3l (2-5) JSEN oy
RERIECA

94



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

80 al da o plaie -4 Gl sl -3

Sl & el -5

@l 6l sl (i o) 3l 2-5 U<

iy ) g gy
B gl Elgs

) CGaSall Ciua g 3-5 JSi

95



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Split Air- Conditioner Juaiial) £ p¢d) ciiSa 3-5

s8Ity R, LB A fany (Ui 88 Ml SR AL
Baa gl (andiy A8 Rl A dSHl A shie auday oy QLS (e @ il 138 (A5 ¢ il Baa s e
saa gl oandiy Adall JAb JAuall dag ey Jaadl o ssing A e all O o B A sl

A )l Adalal) asas 5y Jeadial) CaSall (4-5) A Gan s AN

Lo Al s gl
e m————— A05 040 Faa g
IS ¥ 1‘ v e
dals)al) saa gl

F¥

Ao Al Baa gl

el LS Aaal) sas gl gniia y s Aliaiiall CliSall ani Alealial) clial) £) 6l 1-3-5

(1 5-5) JSall 8 cpae LS (i jal) o & Alalal) saa gll (S 53 30 sidl g gl o
o Oe LS @i all Jlan (e (sslell GBI 8 AJANA B gl) i a4y sl g 500 e
(2 5-5) Jsd
LS i pall ol paa aaY dadley )V e Llalal saa gl aagi 4y 1 V) g gl e
(z 5-5) JSall (& Oase
Juaidiall o g4l CiSa £ jal 2-3-5
o WS s o a5 1A ofias 5 e Jeadial) Calall ) 5S5
:Indoor Unit 4814 33a gl
G sindy osial¥) ol Gl Culil e de guas A4S (e o SU s (Evaporator Jisal) -1
leana jroay Alaiall cilas gl <l jde Saaiip ca il (e de gias ciile § e calY)
Aalladl 35 jadl JaiselaS

96




il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

P8 o)) Jeadia ol b CaSa - @l Juaiie o) 4 oS — 0

Alaiiall 4y laall il ¢ 4l 5-5 JS5

8 gl e e Sl i ol Bl By o St s il s s 2
SN 3 e LS g pall Ul 50 3630 ) sl o sl gy S 3myy il e
g saall o) sl anny oSanll Gl 5 o sl a2t L 5eS ljaa jAaall da g je 3535 .(6-5)
Al e

Ji8 el el AEE o Jamy o) sell = e A0 Glas gl aaes 3535 Filter $)5¢3) g -3
@i At g 4o 3 Jenn S ol Gl ma e el (S« deal ) algaa
¢ sedl (31l se maan o (aliill Adlia) cilidlaia i gl ) IS Cladi jall @) phai jualall i )
(b)) ZEl Cpen g il a3l Asnsall il g ) 5 L SN 5 il 5 5 (0

O A ) (B Adaiie b ) peas o) sl @) 58 e Sleasall Jaxis 1 Vanes £ 5l Slgase -4
Al eladl e Cilea gall sda Gl (Say 5 3 jalisall 43S a5 5k

iladiall CaySill Cilas y (5 5ias :Electronic Control Board s 5N 5 hudl da gl -5
sl 8okndly Joaital Gl Jass pSadl il 08 o3 Gy K Ga g ol Bpsal
oSl Jais e 3 pSall AINA (g oy e ) g O Sliad ced sedl Aoy 3 yal) da
Al dae (e 3kl 8oy e oSall Glea Jenlig g A%k

chile o dladidl S aey 653 :Electrical Heater AbgSll 4. Gila -6
Al 8 Caall Jlamtind (1 jal 4300 jeS 44

P R P I P PN JPA DN | R CJL U= 2l - Drain Pan <& glal) pad g2 -7
zob e dany (S Gl Gagall Juay and! Jiud slall ass pum g oz Al
Al s ) sl el

[P Lﬁl.é._g caaadll 3hal e Adilall Silas ?.L:.a ¢ six3 :Expansion Device a3l 513 -8

Aalall sas gl B
Adalall Capnall sas g o1 3ad (6-5) JSAN Cpa s

g7



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

wldt !
Heal exchanger

gl e
Air outlet

Tarild
")

Electrical parts box
(Microcomputer Contral)

elpedl Jua /

Air inlat

Filter Fan motor

ARl Cansill 3o g o) 32l 6-5 S
Y o) a1 e s JWAl saa ) K5 : Qutdoor Unit A lad) saagl) - o

a3 LS TI_)I_SJ _gi L}JJ_)S L) Jeatiall oSl Chlasg qﬂ Lelall o & :Compressor Lelall -1
Claxiad 13) laelia o ST e dn Al saa o)) (o giad 3By &y laal) o) gel) Cliga 8 S3
Adahysan g e ST jead

8L Ay caaial¥l ol ulaill (e de siiae Culil) (e 485 Jaatiid 0 Condenser <iiSall =2

asidl) (e Cale M agay e Slmd (A A 8 cleliag) sae Jee (3)k (e RdSKH mla

.*Tlg-_itl‘ﬂ'l o

Janiy doa il Claagll 8 4y e dag e Jariud :Condenser Fan <iiSall dag e -3

Jaxinsiy s AY) Agall o dxdny G JNA o) pals z A e elsedl Cn o da gl

o (7-5) &) Gans sliasn JBL o) sell (e 4paS ST @y lanal 5,00 UEY) <3 2 5) jall

s LAl sas gl ¢l 3al

L i s 0 | W

Al all Bam gl poa day 1 )

St sl S A J2Y Bl 75 G2
98



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Central Air-Conditioning Systems s S all ) ggd) s dalis) 4-5

e Ll Bl 7 s W) pasy Q) ce Ty U1 B (g 58 sall ol alas aa s
ook sl e i 3l RSl S it Al Vil b (S i g 6 5 g

Packaged Units daagal) Cilaa o) aladicdy o 38 sall CiuSil) LT ]-4-5

Oe 5l ad)l JE s o) sed) Janing 3) ATl Air System S0 ol sell ol Lol e
o LaS il 58 48 ke oy

Air-Cooled Packaged Units £) 5L 53 sl Amanall CALSH) Cilas g 1-1-4-5

?;Mll Lﬁ ut&' MJ ‘Cv")&-ud Qi \_A:S..n_j (..JJ.A:I]'I EII.JEJ ‘)A.LA“J Lae L) u_l; .iﬁ""ij
Al liale ) Leiala pany 3y od Jaall 8 Llaal s calall g G jleadll 5 ¢ sl

Water-Cooled Packaged Units slally 33 yall Ananeal) Chnsil) iaa g 2-1-4-5
Gl sall (8 Jaxidi g colall aid g3 o3y 5 2% Lo B Gl Ll e (alias
oo RSN AT L) A N R Al Sl Ry Kl Slingllg vaollually el

o Cliimay oyl r o Jie dila) cliale ) zliady ol gell Ga i1 550 all aliaial
bl LediSa 3 5n drane CauSiBan g (8-5) S (g cla e 5 il il

slally 33 ji0 dmane i Ba 5 R-5 JS5

99



il 5 o 5ql) oS Sl g iia = ) S Caall — Ao licall o slal

(S O Aale b guay Axanall Cifaa gl (985 g
e i gl g

_C‘;ﬁa.“ —aial Ji AL g.mﬂl tﬁ‘m O Bile 55 9 :Compressor Letall -

g5 On sl celsells Taae CESA IS 1Y) caie Jall g gl (0 (5S35 :Condenser <iSal -2
elall 13 e (Sl A8 13) (s 5 40 glansYd

el slaa drasall sl 8 sle Jexivy Expansion Device: il 314 -3

.(Thermostat Expansion Valve) ¢l

A ) ) el o) sed) 25 6 58 5 Ciie el g sl e 05505 1 Evaporator sasal)

Air side ! sedl dga Lals

4

¢l sl s Wgihau) g oy ) 4adll a5 Fresh Air Intake > 3 s sgd 3l -]
Sy aSaill ol g (BilA  Aay gl N gall Jsa0 adal diaes 450D e ST ()R
A gaall ¢ gt

cel sel) (e 3200 31 Ay sha )l A1) o) 3al (e e 545 Pre-Heater (awal) (i) cila -2
oo Ade 5 ylasill Aty g gl i A ) Adead At lona Losid of sel) il Jantin
Aash N A ) ahaie (5 )k

el el sell (a5 3a 83le) 48y )k (e 235 tReturn Air Intake g2l #)s¢d) 3l -3
o) sell Ay WSatl 2y A (5 g0 b L gl ggll e akld D5 el lnill (he
o) sell AlEila G )l e aad

e ) Calas LgBlaaill wial £ 3Y) (e o) sgll A0 Al U a5y 5 tFilter gisall -4
Al ) el ga saead Glaal s Al Aga (g e

el sed) 255 Laaaal (a3l &y 5l Cale Jasies :Dehumidifier dashd 1)) Saa g -5
Aal)y Gisg o asd) ) el sell (e Aagda N A 3] 4 JAN) g Ay gllaal) B ) jall Aa 0 )
bty

daly s Lo el ol sl I sk ALY Jexiy ‘Humidifier <k 8aag -6
8 slall s Gyl e Wl o sl ) Ay gha )l Ailia) Aolee o5 cpliE B lusY)
el i i 3k e Ll s 13

Jliad 3 ddall (N el sedl gad A sale (s 3S pall 2kl da g pe Jaxins (Fan 4a g yall -7
golae A ol Al miy Lay el el el Jle ain i (5 3K pall 2kl # )
ehgell aead ATy ol gl

lee) sl muans o) gl s lae e s 5iads :Ducting Systems &5l ¢ lae 485 -8
A al) Sleliaill ) Casall o) sell Jlay) Leia Canelly cel sell il il g clulud e Sluad

Z OB Lpal A g drane 3 50 8aa 9 (9-5) ST G

100



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

el £ g8 7k

Cualll A4 yha Led (an g Arana (oSS B3a 5 9-5 JSG
Heating Side 431l 4¢a (UGG

o S ¥l dal )y a0 Lay CaSall o) sgdl 5 ) ya Ay ) sy 5 1ol Cile
Ll e il Cala () o5 g el ) dalall caea 13

Water Side «lall 4ga :lal
£ e Tl b T 5t Tl G il Sk c Kl

e elall Ca (a6 38 all 3l Claias Jeatud (Water Pumps slall Cldaa -]
colally B3yl cil@iSall ) 4=ia s Cooling Towers 23 z)

S (e A AL el & il 2) 4l 655 Cooling Towers il ) sl -2
Sl 8y B A5 g AThani B8 Y

Sl dayy e Ayl 4430 4 :Water Piping System  slall cull d$ud -3
(6318 sl s jeal y clilaa o Jadiy cclaadl yie 3yl 2 g el 5 )

Water Chillers slall Cladia aladiuly (538 pall Cipsill s 2.4-5

g5 On Gl Aae QI i 3o 5 e ST elall Claliag cele Glalia Je aUaill 138 (g giny

LS ) dals ol e s 8 D) shul) 8 i) ol e 3 bl g &) )
O sl B ) s A pa () elall ) s da jo (s elall Sladia 5855 ¢(10-5) JSAI (3 (o
4 Air Handling Units ¢ s Sladly Jie 4508 oy A &8 ol a8y 6°C () 5
ol Al e g ogil) 138 (g siag GelY) 138 e g «Fan Coil Units —iley 4 5 ya Cilas
ol LS dleaioall il Lall 1 g Cuen Lot (ppand e olall clatie oy plall cilalia e

101



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Reciprocating Compressors Water Chiller 4235 b g @) sla lalia o

hae) guall (45K czalii e 200 () 80 O Ayl dad ) guall 3 eladl Clalia daw 7 ) i
Ala 8 Y) ke olally 33y LeliiSa (5S 5 o7 sitall Caai g 5l e Lal s 7 sl & 5 (g L
o sells GBS & o oS 3 5 psaeall Clad) il eldl cilalia

Centrifugal Compressors Water Chiller (S 2k b8 g & pla Clalia o

2allt 5l 750 ol 200 0 .9 58 A Adlal) chadl il olall b 6 & ol 15 Juxion
‘@mwuﬁ.émcjjgjwsﬂuﬁuaﬁ@sﬂaﬁtmum@‘ﬁiji
e el o U Conn g (R-11 Jaian OIS 3] Allall Gllall il o 3 il 28] g0 Jaiaad
Al i s OY 055 ARkl Baaall R-23 il sl die (el (5,9 dik
i allall ) 5ia¥l dodgas | a5 b 05 )5V

i) 5 A sl o g eladl cilalie Ol j3a 10-5 JS

Lol ‘C):"“"éuh ﬁwiﬁ\eﬁad\.ﬂul.} (_fjs‘).dl &-I-I:)SJ: 'lPLE:l{.\uﬂ-lz
Air Handling Units £) 5¢d) a8y Slas g Al 1-2-4-5

Lagis s sl CaBEAY) 5 ce 3aY) (e 230 (e Arasdll Glas gl (8 LS o) gell ada Ban g () oS5

slall iy Cale Mo o giad il s pae sl mllitany o s5iad Vool sed) ads Sl o)

LS ol jal oo o ol gell ads Clan g andl (e y o) sed) latia dad g o 8 &5 31 eliall
:;,_;“ri-,i

102



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

(e auiiiy (Air Side) sl sed) caila o) 3al Yl

Fresh Air Intake > Al o) sel) 3ale -
Preheated (rwall () ol -2
Return Air Intake g ¢l sl 33l -3
Filter 7,4l -4

Dehumidifier 4 sha )l 1)) 3as g -5
Humidifier <l il 33a5 -6

Fan 4s 5 4l -7

Ducting System ) sell (s lae 4825 -8

el

&b ahiall elall Janiud A slaial) culS 1)) Jaatidiy :Water Side sl g uila ol jal Ul
Ll el (A b gl S5 sl el SRS S LB o, gl st
u-“' el Zuga J.ql.ﬁ_g sw:m:\l'l Cilala Odaud gﬂ _)\A'.J.“ _9': u:;'Luj]

Water Pumps slall cliduaa |1

) Al g Bl plal adal (g 38 pall okl daiias) £ 5 e sl Claiae Jesias
asii 5 Al Glaias e Slmd Ajr Handling Units ¢! sell Siladla sl dae jdll Cilas
Lelally 32 yuall S ) 4adag Cooling Towers A il C'u.n'l e el s

Water Piping System slal) calil 4S5 2

o e i) Gl gl U Al sla) i il eladl Jlayl e A asall AS0iH 8
Jalall Slalaa 5 AU clal) Gldlaia Lgia Cliale sae e ASA) (g dial g ool gl Sladla
Aiise (385 Al GESAN 3,8 el 383 o Db clialdl e W e s & sl
L&l
Cooling Towers 5 z14 .3

3y 2l ol ety celally B3 pual) CESA @il &yl il ghiie 8 Jestias
S 8 AE 5 e alleatinl Bale Y (SN e z JAY GALU el

Heating Side 4sxll dga lay
sl s asii G Jaloall e galud) sl alivg 3 Gl ala e Jaidiy
slally A8all & gmgn A A ol ) Y Gl g oamsd) 28 o s palld)
Al

103



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

piali Gl elsa
ol
————
os el |
- T AR P :-l_;- ;1,!,_:-,3_“ I r| ]
s T e M e S

S e i QUi 3 o) gh dadly & adaie 11-5 JSS

Fan Coil Units calall g da g jalf Clang allii 2-2-4-5
il o o) sed) a0 58 da g je o (5 st (@ 5a0a e el g da g pall Ban g () 5ST
CiSud ) dals adey L) (e il 138 ey colall CilaBia (pa pliall lall abind a5
8 S, allaill 13 aalied g codina lye canlil IS Caai 5] bty WEANL 5 co) sl (5 jlas
el s e gedl g pde (_f“ Lﬁ-\'}:‘l—“ dd e JS) Al & jaed] lld g el g‘é

e Lpan Leday ) sl niay Calall g A 5 el las 5 skl g
slall jilia gla ) ae i) A5 4 glaie -]
Two Piping System, Direct Return of Water

Gy o gy HAY g ccalall g da g gl Ban g ) elial) plall ada) Lanasd ¢ gl Juanial oty
&La_)} ?3:\_5 celall C_\L‘:\j -ﬂ:i.JLc.b gjld\)&&)ﬂ‘ﬁhj&ﬁﬂ)\_}a&;).} L._IIJSJI (é.l“ cLall
oAy A ‘QLE.'L‘I" Jan k_g_g'h.m BLE .EJA_Q JS (e 4;_9_); JA elall @:.n U“} Eﬁlq.n elall
Aa g e Bany JSI 4530 g ol ya) 5el) Gallay 1) o Al g Ban g o daraall jilaa 8 )
da g pe Ban g (12-5) JSU Gpns Bas s J9 slall (e 4 glutie CliaS Jlay) Glaal il
slall il g sa ) aa aleg

104



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

whlay Aoy pa Biny T
‘ﬁ | g .-.. -
;,--.\\ I
L | | | “ '
o ey ajpels
|
_ ey ia g e ding

slall e gl ) e sl Al 4a plaie 12-5 (S

Two Piping System, Reversed elll uSe gla ) ae ol 40l8 dashaie -2
Return of Water
pddll el elall jlue Jaag e aliad s a1 ae Cum (e J5Y) g sl 4dls
Ba s oy JO A gluie b fSlad Gauad Bgas dasy JSI Jhalls Tgbuda cand
Ll se () Zlad ¥ L) Lehudae (e ebas g JS (83 lall sl ApaS 3 (o0l ) (505
(13-5) ISl b case WSy Y1 g sl (8 gllae o LaS plall duaS)

hild_l]h_'_p EJAJ

..ihq,f\.u.‘;.-ih, gﬂ.nli.\._l_)ni.\:._,

slall oo la ) aa pnl) 4l da glaia 13-5 JS2
Three Piping Water System <l 450 4a shie -3
Four Piping System b el ; 4alaie -4

AL Ll 48] & gum e 8 A oL o) Ba oDl (e sl & 58 i

105



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Automobile Air-Conditioning 5 laeal) st aUlS 55

LeS 5 Aty o ol da )l (e (5 A il il 8 LS L) (oSS e ally
roi WS 5 (14-5) JSa A (s 5
Compressor &&lal Yl

s gl (A Lapa Y 5 bad) & na Aland g Lajla Jlay il g 5l (e 52

ot ) guall Jlaxins) a3y Lo We 5 el jland) (S5 & iz liall (e p) 5il Bae Janiasi s b jpiaall

o Lagee Ll i a5 GulSe e gsiad Gl (T 15-5) JSAN 8 (e LS g 50

3 058 Gl e ey BIAN (N Gl ) A L g (58 Ll g i) g e W)
) g Sl

e jas S e g 3okl e e A8 a3l 2gae iy 13l aga8 -]
Ju) Ny eV G paSall @l jats o psm ashy Gisall dge ASja dio ALY
(= 15-5) JSAl Gay s Adaiua ad )y il ple Jaaia () (530 Las 4300 53 5 ) gy
(8 el 5 ganll &) il (ae
s A Ay sadl daiall (7 15-5) JSE Gaus :Swash Plate 4xsaall 4asiall -2
(16-5) JSall 3 (e LS LS sa apna R 5 oLl ) GuiSall oy jaty

— 5 s gl e e

A bk« gl pile S
— kg ks B N e
g s - A e

EJM]E@KH‘EJJJ 14-5 JS.::

106



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

L-JJMM@‘J"E gﬁ_)nj'lJ_w.“-;,l 'é_)l.}..u]'l;'lg&ujaf-l...b-i

8kl & (g0 il aeliall 15-5 JS5

i

iy yaa) Asgdoall (63 belall Jae 43 5l 16-5 JS4

:Electromagnetic Clutch asbliaal) il ;Lili

880 il dadia deags asdy 3 aladly belall Giliy o ohlinall (addll Jos
gy sl Anginall gl 38 el 3 ganll ) 553 () (535 Les ) (Al ¢Sl Ll Jlay) vie L lial)
ZUsall )5 LE) 50 jall As jo alaie aay 3 L) jes Jal 5 ) all Ax py paledsl Alla
O Juai) Jead I (535 138 5 ¢ puurhlinadl (il ge il adad L)) g Lee 3l S
A o) al W o ebdlinall adall Calliy s el Jae (il datliall 5 Sog (aldl
(17-5) JSa0 (4 (e 58 LS

iy o ezl (midll 8 V) e )l A :Armature Plate o) dasia -]
(Ul gumall) Jaeliall 5,8 po ASEY) gl Jiaiy cotlall gyl jsae Ll
G Sl e belall Jead e Al J Y deaall GabaleV il gl a3
25

I 5okedl e (e A8 pall ity 5 )S0) o685 cPulley (RSl B S) Jlsll slaad) -2
s D sma ook e el

g hline Jae wl g e Caldl Jaxy s (Electrical Coil o4 «alall -3
el I ol e 38 5 6 Wy el 55 N ool Finhn s
(12 V) 5lhe g (3 iy yainna iy (A 5eS1 Cilall 33,5

107



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

ool fagia gl el AL SN L

8 bl Jaelial  wlaliaall (ailall 17-5 S5
:Condenser —&iSall ;&G

u.‘l@]ﬁ\@u_)mﬂfm&'lﬁj_)ﬂi C.)'L‘LE:UJ:U‘: &S.nﬂgé .*""‘éu_)\igd;ﬁﬁ‘aﬁg_g
2,0 Qﬁ ‘;‘:.Jla'.“ el sl Jamiin g 5 bl cfim {QLA} lalaary) EJ_gJJ'I 9 et S sc_)‘l;'j'l
oo Suad Gl Ty 0 mBl) ale Jilu 2,580 ¢ 3a o 6 sing mede (S Jaxig s (S
OV A Bl (K. (]8-5) JEl g c@ﬁl“ él.n Sl @na:d Ay gle 5o Caiall
il

(s i 48 LY ele 558 bl K6 18-5 JS3

108



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

:Evaporator Jasall ;)

b.lcoa'.u'rc.'l_ﬁ.\'rﬂﬁ}c&hﬁldﬂ@@ﬂﬂléhﬂﬁ!é&djﬂﬁwgid@g
JMA!‘LJS@ESJ'I c.ﬂ.a Flw a0 Jl8alliy el gell 3 ) ja da o aléds) u.l'r gJﬁLM‘)MAji
LY As ) colllaie 233 iy o) gl (e 5200 30 Ay gla 0 A1) e Liadl jaall Jasy

‘Expansion Device 3l 313/ ;luald

) (il daxaza)  Mad) Jariall (e gl e Jils Jaraza (aéald saaill slal Jesios
gal e gl sl Bae Jamiags o 3 3 e Gl 0 vie A (LAl baaz) gl daxaall
Leia a4l

O 058 g 4 g 8 5] Can dalail 83 1 Jeai s :Orrifice Tube 22l gl -]
Jsdo aial 4ily A mdjar 35y sale 80 A 70 o 7ol Dot eelad gl
8 o (ggingg daal) Bl gl 10 Loy g ALKEAN g3l Ayl Hlual)
Gigoa e AL allay) Cagy ol gean solandl 0084 5o oUail) 138 (5 slus Gay ¢ shua
il gl (i 19-5) JS&l oy s oy

sl alawa Jaxys :Thermostatic Expansion Valve @il il alaa -2
caiall i (A A )l aiids y e Shnd gliill adle 33N e 3kl e gl sl
Jasdl CaRY L 3 jund) jen 35 ) jall cila jo o 5 ksl 8 ddle 50l iy
g ooall dadll slaa (@ 19-5)J8EN cpm g 6kl e bl (551 5al

Al sl alaa o aialll o gadl |

ol aaail) alewa y 2aaill o psl 19-5 JSS
Accessories s AY) cilialal) luilu

08 ey Boladl B il By alai) (el a0 clisle eod bl Cake (g giag
sCilaalall

Sl ez Al Bl aead i3l Liquid Receivers pbia) sl g -1

a5 4y sha 1) A1) 3Y conadl) slal g &S (i S 5 :Receiver Dryer <iisa 2diul sl g -2
ey Al s Glaaly cuead Al Alsy A0 Jile e Gleal I8 2l LA,
il adle (e danilia

109



il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

Jsie aid amliill aila Hlas e Jiall Jeaty Jeaill sle 5 258 tAccumulator il sl g -3
Lelall ) mlil) aile Jil

Llhaall (g 8 bl 8 gealill da gliia o) 3ol Jay i S W) aiiaiy :Hoses el culdd) -4
Aall Gl sia dead e Slad s)bwdl Jab aalll cldee Jii Gllyy cebud)
B_kad) 4S8 a1 8 A shaial) L om0 ) 5Y

afiil) da glaia ¢l yal (21-5) IS o s (A 5 bl Jatlia el jal (20-5) JS& Gau
Bkl (8 mliill Aa glaie a8 ga G (22-5) JSA W) 63 Ll b

3] 8 i) Ao shaie o) 3ad 2145 JS3 3 bl aeliia ¢l 3al 20-5 JS

kol (3 el da sl o e 22-5 U85

110




il 5 o) pll Lo AR g Bl Y Bl S Caall — Ao licall o slal

el Jiadl) dli)

Sl Casall Leta 058 A Al pealiall L 11
¢ Jumiial) CaSall 5 (5 anll CaSall G (30 La 20
flaatiall CaSall () S ae 13
Jeatiall Caall La0al 3as 4l ¢ jal dae 14w
Jeatiall Caall A LAl saa gl o) 3af axe 15w
TS oall il il slaia £ 58l La 6 m
famasall Cilas oll g Lein (3581 La g Tl gl Cilmdla Bas g () oS5 aa (T m
PAliaiiall Canall Cas 5 s Leiar (5l Lag ilall g A 5 jall Clam 5 sl () oS5 aa 18
i Lae UK (5 e (A La 19
Tolall yilie gl ) ae o sd¥) A0S Ao plaia
elall e pla ) e o sl) A Ao glaia o
any (S5 % Ll Ca€a b adalinall (yoaEl 5006 Lo 10
Loty Loy A5Y1 cule ) all Sl -1 1
Giag Ly el elsell e B A S el (il Cilaay Bl pall ey (]
@b oe Wy i, b 0o W) e dead (4 LY A

u_'n..‘xs.a.l'f ;.'I‘%.“ 3_)‘_).:. :tguJJ tEJJ Q\_US_).‘.M f_ﬂ.lm_,.“ L;S ‘_hmuﬁ.“ E.JL:.} —ale J.uiu;l 2

@ Al B e alleaia) daley 0 oAl eld)l a0l (‘_.:I_)-_ii a sl 3

Lea (ddje JSI DML o jpail elldy cldioall (A3 o pdR deiy 4
aonl el sell sdiaae (I sas

dayn e skl 2 bl CasS GUas A5 ) all A 0 alble day 5
e 3 3L Jl ) @2k e Bkl Jala 3 ) sal)

111



u.ndl.u]‘ &Aﬁ‘

A jsig ¢l sl JA Cilaglaia

Ducting Systems

N

112



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

Ducting Systems 4wjgi s ) s¢) Jii Clagliia

Introduction dadia 1-6
Al clpliaill ) (il jlae (e dmy iy caSall ol sedl JE ol sgdl (5 slae agE
@Rl Ja Ame g g e )58l alg el sl (5 e AS0D i ol sl ada o) all Jasiidy
sale) ¥ ey Caall elimill 1) ol gl ads dayy celimgually de yull dali e Gl Aal
AT gy (Al e Alleatinl g 480K sale) L jad CanSill Gileghaie ) dels ) A3 el sedl o
ARTAL Bolae praal i Ol 0N Lol g2d)
_ﬂ_}ﬁ_” cj.‘a L;lba_g @‘_}e .‘._.3.'\;.1 -1
ALSd) glaliall (e Adlaia JS o DU o) sed) AaS Maa5 -3
Jare Juladl Sy ooSay La Jai 0SS d1 g el sl (s mas el ged) o SISEAY) Sled 3aat -4
F-‘_%J‘ ‘S;Jlé‘d paibas 2-6
re) sl (sl Leia aial il Balal) lisal sie A5V dalad) sle) je cany
Jlaaidl Al e -
ey jiled Julstl dae s C_‘mi &ild -4
005N Ad8d 5 Jaa gl § JS50N Algus -5
Al dna g ddlall Aaially i Y 3l go (0 sl -6

Jelatasall adaiall Jesivg ¢adaiall Aldatiss Wl 5 adaall 4 yila Lol o) sgd) (5 o adalia ()5
Bl Gl e i o)) ) adalaly daali (e dxgioad 4 sl Llle

Aapanat Gl L) 346
s obial Lapeaill ) WL 28 Cay

Adaliall Gilas gl g alall Gleliad¥) iad @

Y iy faa Aalall eV A Y1 611 e dam e (el sed) oaeplii N Ans 2 E Y e
s e Ja Al 8 10:1 Lol 228 5l

(1-6) Jsaall (8 s LS el sell (5 ma adalin (e aada JS (A4 £yl Sldie) oy @

113



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

m/s Ae sl
-SLl )2e Laxioa
B —
5 4 3.5 PEER P PPL R Y
1.8 1.5 1.3 ol
3 2.5 2.3 ddal) clite
2.5 2.5 25 856l Ll
5 4 35 aal) Jad Bl )
12-8 10-6.6 8-5 da g pall 7 e
9-6 6.6-5 4.5-3.5 i (g sl
5-4 4.5-3 3 o= Al gl
4 3.5-3 2.5 lall 5 jall

o) sell (5 e b L 7 yomsall & yull 1-6 U s2n

81 5¢d) ool M) Gilaa (34 4-6

3y dgasaatl) Wil jlie) 4850 J @il 3k ab olsed) 5l Sl Clua (S
LS diyyh S padle S35 0fays Leiin g el sead Tolaie! (33l ST axall o gaa i 43y 5k
ok
Assumed — Velocity Method 4s jud) (a8 4dy 4k -1

QJJAJIH_LHD__IIQ'I_,&JI dﬂ&h&t&iﬂdﬂ@m&y@)&é@ﬂ‘ D:‘Lﬁg;
Sl A o) 5l (5 lae 3 ARyl o3 adiad (5 )

Constant-Pressure-Drop Method (s sbuial) bl kgt 43y 3k -2

AiaY) i Clua Leb 2 s celsedl (5l dadd Clua L8 le 08 Y1 a 44 k)l o2
dagll 038 35 5 ey o(Pa/m) e JS U8l Jie Gt ) (5 ad) sl g sas o) (Lol yilud)
PPN RO RN FIVEN LAl

Balanced-Pressure-Loss Method kil jilud 45)) ga 44y )k -3

il sl gl gl g ha (o SEAY) il (b A Ll o b ol
& 5 dilaia (S 3 sldia daill 038 jiicl

114



il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

Static -Regain Method (S5t bl s Sae) 43y )k -4
el (5 yae adalia pye ahaiie JSI dninaall )l sl 3leY o gllaall il s L S
Constant Pressure Drop Method bl b s &gl 48y 5k

YETRVEA | PR c_y.n?fgu.u_g i Jacadll 1&@41}@]1@)@%&@1&_9;3@#@
(¥ QB Jay

1 Jae
&8 Ao ol () Caale 1) (ASIAY) ilad GIS 5 (JKEN 8l o) sedl (5 ma alal sl
aic) 500 mm s ol el sed) (s nd glii)) aaly 533 m/s & Lait N el sedl (s oma
Lrall bogaa ol Ak
<l gal)
1000cm _ 1000cm I 1000cm
2000 I/s 2 1000 If o 1000 I/=| e
2
i ) @
a b c d

ookel o sell (5 ma dladl s A 4G G ghadl) o
o) sell (anall BRI Jama s Gk e llhy oo paall (85 lall AN o sl 3 s -]
toh LS el sedl (5 e bl b
(b —a) il o) sedl (5 yan 3 S o) gl aan (38N5 Jana
V. = 1000 + 1000 + 2000 = 4000 ¢/s
AV Aalaadl dlaiels ol sl (5 jma el Gl 22

V=AXvV

ol 3
mYs sl o) W el sed) (3835 Jana Vv
m’ il ¢l sed) (5 yaa adalia dalina A

m’= 1000 = 4000 ¢=4m’

4=A%x533 3 A=0.75m’
oo Uy ma 6K ) ol gedl sme plinyl e Talae) i ) o) sedl 6 yma Sl oy -3
bl ke 3y (L) aganat) Al clllaie ae 38 55 Guny 4l gl ) ] 2oad 3y 5k

A=WXH 115




il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

ol o) sell (5 yaa Manl 2388 o K sl

0.75=W x 0.5
) (8 A 5 3 LS co) sell (5 pmal gl ) (oaail 0.5 m 80 Jiag
W=1.5m= 1500 mm
o=l o) sell (5 e o Fias g
ok z adun (Jakdiall o sell (5l (AL kil Jiey 531 (2-6) dsaad) e el -4
gli)s 1500 mm st ) elsedl Goae Lase o Talael LAl ol sed) (5 yma
1k WSy 500 mm
(1500 mm) ¢lsed) s me e s S8Y) Hsadl e (500 mm) ¢ sedl 5 me gl ) 2aay
i) Jsaadl (B maia e LS (g3 5anll sadll e

:
o alh SLE AN nm
JﬂUlL'.‘lejBll?i 200 235 .EU|2?5|3W EB|1W -tiulilialsjcl|!m|es@|nu|?§a|5m|5m
ioet] T
{ (x4 1\
B | e

= = S T
175 4% 11 T 15
200 15 iz 125 | Jiw 219
Pl 151 B | X0 | 21 L3 | 148
31 159 Lo a0 | 125 44 | 13 I
FrE 178 99 | 2% | 23 HE | I73 267 | Wl
300 153 X7 | 2B | 248 366 | 28] B9 | N+ | 3
350 135 227 245 16T 28/E 305 a2z 3318 34 387

450 7 2&7 | 274 | 198 321 | 343 M3 | 33 [ 4w 433 ad4 492
390 2T 25 | 35T | 38 327 | 38 351 461 | 400 2 458 455 513 34T

730 20 306 |31 |3 w0z |40 45 | 482 |56 50 | w2 o0 | éee | w0 |2 | e | m2 | @
1 el lzm |sm a4 |duz 4w |4 lsm e | me ges Jexr | oo |7 | v | ms | sy | oem
SET | 402 435 | 463 484 | 52 | 548 397 | 3 4%k | 26 | 7 | ~9 | 53 | %6 | fo7 | 827 | 5%

L ood L d20 454 | L |l 2L Sdd !

| 232 | 299 | 4f7 omC | S0 2SN | SE8 L Zor Gl [ o T | B RSN il L 22 | 933 1002 | 1oss |}
4 237 am 314 854 53 | 1030 | 1ME | 153

465 306 | 343 2577 | &10 [ 642 0701 | TET S08 537 § #0s4 543 BE0 W31 | 18 | LT || o

3 | £3 & 724 7 3 9H /9= W24 | 1065 a7 o4& | 130

pitei] 353 | 404 | 432 | 495 58 Ercy £ | &43 | £H0 743 305 560 FE3 101 057 oo =3 8 1260
Wi w7 415 451 | 03 a3l 91 M9 | A&E5 | T THE Ledd A5 919 91 1041 1084 1 s R 1]\a
37 413 | 473 a1 364 | @03 £44 | &52 715 B3 49 05 §g 11s 1069 ms 1é4 | 129 iy 135

—Jon 43T L 481 | SIS | SAEAl4 | S99 O3 [ 745 | Ta0 ST [ 97  99% 1053 L WIS [ TFm L1908 L 179 | 129 [ IR
3 5 &

21800 43T 501 | 580 §1E 868 TIF TE4 | EID | B33 2§33 (5] pisli] 134 | 130 1283 | Lidd | 1402 | 1458 151 187

1500 450 515 T 534 E58 735 TE7 | 534 | 579 964 | 018 e s 159 | 1334 BET | 1447 | 18 i Em

S (5 ) Hhad vie ga Akl f LaaDl
913 mm &

ol Jhad (s A8l Jiey (1-6) S -5
SV il g e gedl (3805 Jaa g A
S e 5l (3835 Jare adalii (e g ¢(Jaiaall Jo gun)
w000 ss ANKIAY) yilud aaad Sy (A i) as
Dol JSI 8 e LS col sl (5 e 00 e U8

)

T T~ W SR

I SEVAS ey, 0 ag = disan

s 116




il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

5.4 m/s ¢ sedl de yu5 0.31 Pa/m sbed MY jilua of JaaSl adalill pe

&b e WS @il g Caals elsed) s gme el il ) e o s ( SV Jsaal Jee o -6

il JEAY

LK) JLal [ el £ i)Y ) olse) pns i
mm m/s mm mm /s
913 54 500 1500 4000 a-b
700 5 2000 b-c
530 4.1 1000 c—d

wc]nudﬁuﬁls.q.“ﬂ\cﬁgséﬁﬂclwi@ﬁdmﬁﬁm(]-6)le.-']
Lfmgggﬂ'l @JMIHIFZOOO B/s o) sed) (A dauclau:i@_ﬂ:uc- el sedl (5 ma c):lia

700 mm s sbus A (AlSa) il

- e

Aagh 3e) ji (Say ol Alaii e edniaall Lo gt pd ad

Lﬁ@g.ﬂlgdﬂ’lkﬂ‘elooo E/S ‘ljé-“{:‘)n:'(.b"-‘clﬂlj:‘w_ﬁ sSm/SgJLuS;'r}h:\Q)a_g
Ml@whﬂuﬂ.l m/s 4 s <530 mm LS sl Egl_)ﬁéwihﬂ gl Jad

PO
g.g.?snf P neve w - 8 333 4 ]
N7 T A A"

JIRESY 14 s ot 8
e — PR i 78
?5{(\(! ;w/;?cf.}‘.‘, A s /g !
LA QoA SV y gL 3
Ii,.’gl.'.mm.’#. 1% \:/\ U et Al
e AR AL A /s
WAL TN VAL
Y 'ﬁ T r "-(" 7 = : Ig
P< "V/:P;{JLJL‘:' I i .f‘h 'L‘r ';::;J\]C!
ng - T/ ..ﬂ“.. . - . ! _ .- — ..: a
fﬁ\%\/ﬁ ‘1"I)I:||||m=¢'_1-'11_$-*=,~1=I5,.‘«h BIITASE 4 & 400075
f{/ P / b Smis =£l gk 45 ju 4 | ' ;

/;m.( 74 : i - 2000 L5
%;-_' LBy 530 mm = s i B t,.?}\ ~ 100045
"ﬂ:y* _PP /___ . 4.:'lm_-s= £loh A8y v tr{\_f I}H

AN ST RS A S
fl\;df\/ﬁ"_df’!?‘.é- VA 8
(L A A RS Y 7%
y 77“[ A .;g" I A/ Ne
’iif%sz*s ISY 5 e i

A7 ST
ST, 9,50 054 )
8 £ $98 R & ~ e~ o= s i

iy LVl Jd ) ped, 031 — iy il
L s e e gl i

A5 500 mm s sbn Y amaill ol gl (5 e glES ) Gay ((2-6) Jsall g g -8
aa oy a8l 138 (hay €726 mm o lie 535 (700 mm) S kil ) Q8 ol sel 8

117



il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

O el g gl

(500 mm) 4l ) 5 (900 mm) &) sedl 5 me e 1sa oulll o S b
Clie ady 22 Y <500 mm slaie 2 gl Y ald of Jaadl ¢(2-6) Jsaall ) sl
FULY) e el o)l oaal Taaa Telii) Jlsa) a3 13 (530 mm A lall )
gl ¥l Cad 530 mm A phill b8y il Aaadle a5 400 mm OS5 sl
) sed) Bae e 058 Nl 600 mm st Dbl e H8 50 o Laadl 400 mm
(400 mm) gl )l 5 (600 mm) (s st

S
100 | 109
138 | 137 | 137
150 EE) 50 | 16
178 | 143 | 16 77 | 191 |
200 | 152 | 172 | 189 [ 204 | 219
335|161 _% L NE 6 | 337 [ 346 ”
250 | 169 310 | 228 | 344 | 359 | 273
378 [ 176 | 199 | 330 | 238 | 286 | 372 | 287 | 301 |
[ 300 | 183 | 307 | 339 | 3486 | 366 | 363 | 399 | 314 | 338 |
350 [9F | 333 | 34E | 367 | 286 | 305 | 323 | 339 | 324 | 383
300 | 307 | 332 | 360 | 383 | 305 | 325 | 343 | 361 | 378 | 409 || 437
450 [ 21 247 | 374 | 399 | 331 | 343 | 363 | 382 | 400 | 433 [} 464 | 492
[ %00 | 337 | 38 | 387 | 313 | 337 | 360 | 381 | 401 | 430 | 452 || 488 | 18 | &
550 | 236 ;"ii 399 | 336 | 352 | 375 | 398 | 419 | 439 | 4 T E 601
736_"%.5 Sg': _’H_x O g%% 4 é"azs E‘Fq 2 324 4 | 5 5 585 | ekz | 653 | 8 | 711
700 | 361 | 398 | 331 | 363 | 351 | 4 443 | 467 | 490 | £33 7 10 | o4 | 677 | 708 | 7137 | 765 |
750 | 268 | 306 | 341 | 373 | 402 | 430 | 457 | 483 | 506 | 550 | £9 ; 700 | 732 | 763 | 793 | &30 ]
W@ 314 | 350 | 383 | 414 | 443 | 470 | 496 | £20 | 567 | 609 | 64 733 | 755 | 787 | 818 | 847 | 87% |
T I L L L I T 126 | 763 | 799 | 8a3 | 866 | 897 37 | 984 |
1000 | 301 44 | 384 | 420 | 454 | 486 | 517 | =46 | £74 | 626 | 674 | 719 | 762 | 802 40 | 876 | 911 | 944 76 037
1100 | 313 359 [ 437 | 473 | 506 | 538 | 269 | 508 | 652 | 703 | 751 | 795 | 638 | 878 | 916 | 953 | 988 | 1033 | 1086 |
1200 | 329 70 | 413 | 453 | 490 | 525 | 558 | 590 | 620 | 677 | 731 | 780 | ®27 | 87, 14 | 954 | 99, 1030 | 1066 33
1300 | 334 | 382 | 436 | 468 | 06 43 | 577 | 610 | 642 | 701 | 787 | 808 | 887 | 90 48 | 31 | 1069 | 1107 | 1177 |
(1400 | 349 | 399 | 339 | 482 | 52 59 | 595 | 629 | 662 | 724 | 781 | 835 | 886 | 934 | 980 | 1024 66 | 1107 3 220
[ 1800 | 353 | 404 | 457 | 498 | 36 | £75 | 613 | 648 | 681 | 748 | B0% | 860 | 913 | 963 | 1011 | 1057 00 | 1143 33 | 1260 |
1600 | 362 | 415 | 463 | 508 | 351 | 591 | 629 | 665 | 700 | 766 | 827 | 885 | 939 | 99 041 | 1088 BN e 298 |
1700 | 371 | 428 | 476 | €21 | €64 | 608 | 644 | €82 | 718 | 785 | 845 | 908 | 964 | 1018 | 1069 | 1118 | 1164 | 1209 | 1 332 |
1800 | 375 | 434 | 485 | 533 | 277 | 619 | 660 | 698 | 735 | 804 | 869 | 930 | 586 | 1043 | 1096 46 | 1195 | 1341 | 1286 | 1371
1900 | 387 | 444 | 496 | £44 | £90 | 663 | 674 | 7I3 | 761 | 823 | 889 | 92 | 1012 | 1068 32 74 | 1334 | 137 18 | 140% |
3000 T | 483 | 506 | E55 | 02 | 646 | 688 | 736 | 767 | €40 | 908 | 933 | 1034 | 1092 47 | 1300 | 1383 | 1301 | 1348 | 1438 |
[ 2100 | 402 | 461 | 516 | 566 | 613 | 659 | 703 | 743 | 782 | 857 | 927 | 993 | 1058 | I1I% 72 | 1226 | 1279 | 1329 | 1378 | 1470
3 470 | E3% | E77 | 3% | €71 | 718 | 787 | 707 | 8§74 | O4F | 1013 | 1076 | 1137 | 1L 3E] | 1308 | 1386 | 1406 | 1501 |
2300 7 | 478 | 834 | 567 | 636 | 683 | 738 | 771 | 813 | 890 | 963 31 109 159 | 131 375 | 1330 | 1383 | 1434 | 1832 |
3400 | 474 | 486 | 243 | 597 | 647 | €95 | 740 | 784 | 836 | 905 | 980 0 € | 1180 | 134 399 | 1355 | 1409 | 1461 | 1561 |
2500 | 430 | 494 | 58 06 | 658 | 70 783 | 79 B40 | 930 | 996 [1] 6 200 | 1362 323 i) 433 | 1486 | 1589
3600 | 337 | 501 | 260 | 616 | 665 | 717 | 764 | 810 | 858 | 938 | 1013 | 1082 4 | 1220 | 1283 | 1344 02 | 1459 | 1513 | 1617 |
2700 | 443 | 509 | 569 | 625 | 678 | 728 | 776 | 822 | 866 | 950 | 1028 | 1102 3 [ 1240 | 1304 | 13 3 483 | 1536 | 1644
28500 | 450 | 516 | 277 | 634 | 688 | 738 | 787 | 834 | 879 | 964 | 1043 [ 1119 | 1190 | 1350 | 1334 | 1387 | 1447 | 1806 | 1262 | 1670 |
73900 | 456 | 533 | 585 | 643 | 697 | 749 | 798 | 845 | 891 | 977 | 1058 | 1135 | 1208 | 1277 | 1344 | 1408 | 1469 | 1529 | 1566 | 1696 |
i WSy Jsandl JLeS) o3 -9
mm m/s mm mm U/s -
913 1500 4000
_ 5.4 500 :
Jsas (e . i a Oy JS ey a—-b
(1-6 ) S e | Ly ol
(2-6) Ol (5
700 5 500 900 2000 b
—iC
& . B o . s .
(1-6 )JS& e | (1-6) JS& e | iy | (2-6) Jsa> (e
530 4.1 400 600 1000 d
: B
(1-6) 0S5 Oa | (1-6) JS& e | sy | (2-6) dsas O

118



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

500 9@\ h g B
H H—/ ‘600 X 400
~, — L .
. ] b "l c d
500 = 1500 ' 500 x 900 600 X 403\
(mm) ey

Boae S (A Ll el sl (305 Jaxs (5 gt ) sedl (5 e pdate slal (381 55 LDl
Lot s ¢l sl (5 jlan 8 ASIAY) ok Joans ISV ud
goxal Jlwa Jobl Mg il olaall (4 elgedl Jlym cuw darall plud e

) 5¢d)
e iy Cleliadl (e ol gl golae ) (8 elsedl Hs e e bl lea e
Slad e

Jse sl Jiad Al dagiiveall o) sed) 5l (el sell Gl G SISIAY) lia Y
o) 9l 5 2e 4 a-b-c-d-e
Lab-c-dge = 1000+1000+1000+300 = 3300 cm =33 m

0.31 Pa/m (s sbony OS5 ¢ yia JSI SN Jilud o1 jaiu) &3 (1-6) JSall (e
Aol (5 jlaall (A ) sed) (Ol o e SKEAYT e 1)
Apa-b-c-d (L) — 33 x0.31=10.23 Pa
o) sedl (5 olae ) Casy ASiaY) jilua Ll
o) 5¢d) (s olan Sl i 3 (AP) daiall [ilud Cluad A5Y) Asbaall dlaie) a3y

AP=0.6 x C X v2°

_______ Pa M‘wh&AP
] <3 6) dyn - MY s C
mfs }.:Lz.‘u'l(_g‘)a.a.“ .Gir}@..‘irﬂ.c-).m V

LSy dlalall a0 ey o) sedl O Aaadle (Say ol sedl ome UK o g LY 2ay
.d sy g ¢ &Jii“j b t)n‘.'d\ g,_“'}‘l_”;

Vi= 5 m/s b £ il
r ol sell oladl o Laadly g el JS8 e g V) ey
vi=5.4 m/s i | 5.4 m/s gg‘h Baalinall &_)-.u-“ L.J," Lﬁi nglsi' 54
S Al 3 ehaell e ) 5 mfs 5 st A s
13) (8
Ve > 0926
V, 5.4



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

ek K8 o] Q80 s Wl 0.8 8 0.926 i il o Baadl (5-3-6) Jaadl e
Ol (el Jalaa any 1389 «] 80l ) Gl e ST 8 0.8 &80 5 jlalidl SllSiaY)
(0.8) a8 05 ,51e 0.18 = C MSia¥) elrs 583 1 e 5l (5 sme Aled M) ¢l 56l U saans
gk arazal) a6 Gl 13 e

AP,=0.6xCxv*=0.6%0.18x5°=27Pa

- ‘Iﬂl'l

vi=4.1lm/s HES
q Vs, _ 4.1 = B

vV, 5

Y] Jalra () Sa (5 3-6 ) Jsaadl (e

(o g oal el luasc0.18=C

AP.=0.6 x 0.18 x 4.1°=1.8 Pa

od sliady

@b MY a5 o slail) die g (& 3-6) Jsaad) e
G ASaY jld claa oSa A Jdae DA e <0.67
d feih WS d el

AP;=0.6 x 0.67 x 4.1 =6.75 Pa
a-b-c-d-e slsell s ae A Y s T
AP;=AP| + AP, + AP+ APy = 10.23+2.7+1.8+6.75

=21.48 Pa

120

2Jka



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

@@Cwicygﬂiuiudcllﬂ &al.ijif‘_,'.paj]‘é}'lﬂ‘b ;.'I_,g.“{_g_)a.a_)u:éirt_l.un]
aall ¢ gl Al yha adic) < 7.2 m/s

5120 Vs 1095 Vs 4330 Us
{ ’ | ® d

q b %

e el sell (5 mm alal Clus 3 A5V @l shadll o
G olsell 3l Joe mes Bayk e @i s aall 5Ll IS o gl daS s -]
(i LS5 ol sell (5 yma il
a-b ot ¢ sel) (5 e (A (ASD o sl ana
Va_h =4330 + 1095 + 5120 = 10545 /s = 10.545 m’/s

T AV Asleal) daiely o) sl (5 yaa ey il -2

10.545=A%72 = A=147Tm°
A= 1.47 m? (55 (st N o) sgll (5 e plale Aalia

el sell (5 dladd 3aad (K Aaa S Alslaall Gaadad dmy g sV o) sed) (G ome L Casn -3
Lol
A ==xD?
4

D>=4A/3.14=1.86 m*

D=+v1.86=136m

OSas (10545 £/s) SIS el sl 35 Jaaa ae <1360 mm o) one ki adli g
0.4 Pa/m S g 53 ASiaY) Ll i )i pasacadll Jadll e J geasl

121

Sl sl



:I.:.... .;..2':!_:. E
1 S
b T . _‘Ig
{7 S L
(&) T T 4
Pay S _z d I. : ] 7 '_E
dw .t i £ i oy, + 10545 L
. 487 4. }{\f; ,Q}i
apr = ';; 'f\“jﬁ 4
T “ - / gg
AR N 5
@785 oy ,r\\)cd) 3
T / 41 Ry W
Wi rié = i AT AN
AL T )
| r"'.r .-?\ %#Q L 1
L] 25 i A N ‘;g
A A RS 1
4l ?'f_' /I E I“"-‘ﬁ%‘
"~ -'ﬁ; e '.‘)? E"é =
ML STy A
R e i

il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

b Ome LS @l ol Gaals el sel) soma elal () e o am o Y Jsaall Jee a4 -5

ke
LA Jlall | e ) sl s .
mm m/s t/s gras
1360 7.2 10545 a-b
1000 5.8 5120 b-f
860 5 4330 b-d
530 3.8 1095 b-e

e JSI (S il o jadin cadaie (S gl el (585 Jama A jra 2ay5 (1-6) JSAI (e -6
S (53 ganll Ldll xa 5120 £/5 o) sel) (3035 Jana allsi 305k 0o ol sl (5 )ae adalie (e
sy (A laill dad 3e) B (Say alalidl) Adi ey chaiall e gd bl i
&e 4330 0/s o) sed) 3835 Jara adali ey ¢ 5.8 m/s sl All ¢ sl 4e yu 9 ¢1000 mm
de g ¢ 860 mm (A8l hadll 3¢l B (Say Jariall o gas Gigad dad Jiay (5] (63 ganll Jadl)
dapa g dad (Jiay (631 (g2 ganl) Jadll xa 1095 /s o) ) (385 Jama adals (a9 ¢« 4.1 m/s
(O JSA) (8 faae o LS5 3.8 m/s Ae s ¢ 530 mm (Al kil ) B (S Jarial)

122



il g ol sell (oSS ang iy el sed) J5 e ghaia - adld] Guaill AN Caall — Ay liiall o glel

: 8
> \72< | :
£ g

B iy S
SL P Wl B VAP,
L 1*‘ } / v a
/‘%Lg #*f 3 1360 mm A
_?\x y %17 8
LI :
7< 7 ) i, 10545 Us
|u < y ~ H "*.1 II 5
ATASTT 2S5t 5120 Us
(AL 4330 Us

i
\"\J
‘r{

i .
g

3

/l a
LT - 3
"pA. L/ 112_955@

. AW ¥
:Fc_f_h !Ilm:] i /
58 N A
ey i A 7 g
N4 : it P /
’* /’?7’\, 3 VA
b
W02 5
s 7% \I‘l / 2
A SIS
/ ViV R A i
y SRV AT ik, J_@ ll’l}
7 ¥ —8
>

00
0
L
%
0
L]
T
L
4
3
2
1
T
os
o
o
o2
1
"ﬂ

123



il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

i
=

=~
L=

-

w
TR ]

FalVivaD §

z

R B¢ 8

P/m sy sl

TN Asad kil

M/S & 5gd) &y

AP Lg_;;a.‘ ;;EA# J.l:nl“_, &) sgdl (3dS d&uca&“ﬁﬁ:.\!'a JSL»..:;J:J:;.A 1-6 J&&

124



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

el ol sl Claghia 5-6

r A5 5 e oyl A shate ) A8 D) (e dans &5 oA (Sl ol sl (e ¢ 3a pla ) A
U Ha wl iy A By Tl RS Reln] g Y sy o B0 ) gl e iy it
O Sad aal el s Aashaiar (538 Hall CagSill pas 2y o cng 13 iyl A gliie e Jead)
o b ) Sl oda by 50 Y caal N el sell hilaly <o pall g 5 a5 1 el sl ada dashaie
oinaad) lany oLl Aliise da 5 e (M) daa 3 n W) ians g o5 S all CapSill A g al 6) sl

14l ads daghaial ASiaY) il (1 %80 Jidiay aa) ) ) ggd) daghiial lSial) Jilud Ay

i) 8 o) sgd) 355 6-6

w5 g of gy st At ki e T30 8 RN of gl ] 130 3
AV Sl gal &Rl o el 3l
Lapaall) 3)) Al da 3 (a Baalg Adalaw Ao lahay A3 AN 3 ) daje A st 08 -1

B OalAEY) Lgd e AN clidaill (0.13-0.18) m/s 4 a0 Ja £l sgd) ds s (eSS O -2
o35 ¢(0.25-0.4) m/s A S Ao B (el g 8 A cliakil)l By sl A
O Aa) ) Eadi g )
(ol 856 @g U (s gy O g -3
cligle arand bdall ylud o QBEi of o ol o) e B slsgd) pd agiidag e w
£ o) gl Al
dﬂ'l Jala Q'IJQJ'I EJ{SA &
il e g sgd) o a gl AN aal ) o) ggdl Aaghiia w
Al A A ol sl pig Sk £ 6 1-6-6
dadf samy qinaly Ljla el ¥ e sile Goall el sell ais Glaes adias
LS o) sl qia 2l ol il s Jlanina) dagads g 4nday o 585 A1 o) gl (305 Jane o Tolaic) JS3)
o ¢
Conditioned Air Terminal Equipment CiSall £l ggd) @ g Cilaa
(o) it g
Grills and Registers <lastall ga 43 faal) ¢ sgd) dhuladi -1
aile I Jaxid y ody ) sie caile § Asle A je Jilaiie Ul (e dilaSha g o gd) clulad () S
o Sululll cmi ) ay ol 3 ol soall ol oS iy e g Al o) sel) olad) (385 Jaeay aSadll
leSlall aa o) sl il o) il (any (2-6) JSE (s (Llal 2ixd) Al

125



il 5 e sell Qs Amg iy e sad) U5 e slaia - (uilid) Jaal) ) Canall — dpelieall o slal)

Ceiling Diffusers 4wl ) il -2

il () 5S) avelial ae canlitl Gy ST 500 (5 oS3 il (g 1 ) 3 oS 3
JSEN Gy ol sell Jmdl @8 (Biagy Cupmy JSAN Lt 5 lidatine ol A je 5l A il W) 0 5SS

Al o) sel) il L8l o1 6l ans (3-6)

[
————————
—_——
——————
——
H—— p—
——

e —

e o HaW 3.6 JS& ClaSlall pa o) sel) Slided 2-6 J<

Linear Diffuser or Slot Diffuser 4lghll £) 3¢l e 3 5a -3

g i e Wle 5 8 €l el Cagin 8 Jasiudiy Jshally Jliad Cle jge e 3 ke Ay
_(4-6)¢Eﬂ1§jc_ﬂa}n‘5ﬁh563q)u‘}”£-_|‘)§

A hall o) el Cile ) 9e 4-6 JSE
Return Air Terminal @) &) 5¢d) caw cus) 5 -

_31%]&.;»(_1‘5.‘13’1 n'JA LJ_,S:l JS} CL“LI:L“L_}Q P _sll 33_):- ds&e]_).“ g‘)@_“ \Lﬂj.‘lil L_:ﬂs_):é
g1l Lans (5-6) JSE Caws Ailsh o) Alkaiise o day ye 5l Ay yila S5 B 5 Al o A jlaa
.t;-l‘).\'r el ggll St

Air Volume Rate Damper ¢ s¢d) Claila 2-6-6

Ll € 5 Lo Wl L aSatll sy el gl (38301 Jomas oSall o o) sl @A Jaad

126



il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

gﬁuc;.'h_)c-'l_,hnﬂm

l

—
¥

Lol b (dsb aal) ol i Gl aal el
el ) sl ) 55 5-6 JS&

Fire Damper @il Clasla 3-6-6

L e A0 Jaly ) LIS ade Lhe Chagd) il ol sed) (5lae b Janiudg
d):-d‘da.'l.’i&_ﬁ)a.“ia_).l&l.ﬁ_ﬂMtJMm%u@mmmu@hﬁ@#}¢ﬂ)@1
.(6-6),'_)53‘.“gﬁﬁ_')g._anSc_)m'}”Cp)ﬁl&ﬂh;\ﬁl\ﬁﬁéﬁj@@iwiw

el Jge S g gia

Gl claSla

el sed) soma A L il aie gl -

Gl clasla 6-6 IS

127



il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

oudbead) Juadl) Al

0.5 mys lelii)l 0.3 m o) sedl (5 me Slad il 138 (1.5 m/s Janes el sa sona o o) p 1w
A0 m ) sed (s yma Jsha S 1Y cdasall lud s el sell (s ymal (A Sl Cansa) b e
120 Pa « 420 mm /z
pkie Aalie Cinua 7 5 5a0) die ¢l sedl (6 yma adaie Aaline ul€ 136 (Lialia Lo 58 Jay o) 58 120
Laall Jlad aual <12 m/s 5 sbasd pas i) any o gl de ju Sy o gaal) die ol gell (5 2
17.28 Pa /z Lealiall gl 8ol gl g e das

<30 cm LJ.QJ_).“ ;'l_,é.“ Lg_);..d &m_)l déi u'r A 1..'1‘ el cf'l_,s.“ S_aa c]:ﬂ.n .JL:_J Aa 3w
d&_)s:\.\hlar...a.‘.'r _)Jhn:;.ﬁ;\;:n (8 m/s s il dc Hudl
3.88Pa ¢« (300x 360)mm ¢« (300 % 750)mm « (300 %X 830)mm /z

2_"11 isuuys

d

500 J/s

40.5 Pa Iz (10 m/s) s sbud s )1 ¢ 5d)

| 12m i 15m

B 2600 15

128



il g ol sell CauSi  Any )iy el sel JB5 il slaia - Gadlid] Juaill ) Caall — deliall o glal

a8l ) ade 13) daraall &sd ARyl bl ol sedl (o sme 8kl ilud g sl aa 150
(6 1/8) A Aoy all G5 30 cm 9 o) se (5 a4 7 panna gl )
(300 x 400)mm « (300 x 450)mm « (300 x 300)mm « (300 x 830)mm /=

4] Pa
6m
4005 -@:3 _@_ 600 Iy
10m
10m
15 3 -
m . m 10m
Sm
50015%

é)uwjhdﬁigﬁai)éﬂ&ywﬂii u‘Lulc. 13 NER ‘,;JS'IA.H el ogdl (5 yaa .)Lu[.‘.\.:.ﬁu.u
470mm ¢ 490 mm ¢« 560 mm /z .(9 m/s)

75015 750 Ls 750 U

o N el sell 5 yma o) sell Aoy il Gl Caale 13) Ll (5 3 o) sl (5 e Sleal 2x T
280 mm ¢ 390 mm ¢« 450 mm ¢ 500 mm ¢« 600 mm /z .(12 m/s) sl

500 s

%]

500 /5 5005 5000/ 0015

129




il g ol sal) CapSs  dm sy e sell JB e slite - uiliad) Jaadll ) Caall — delinall o el

acaiall Aldainaa ¢ sgl) (5 jlaal (88 kil 2-6 Jsan

: WY mm
)
"[':n‘f 100 | 125 | 150 | 175 | 200 | 225 | 250 | 275 | 300 | 350 | 400 | 450 | s00 | 550 | 600 | 650 | 700 | 750 | 800 | 900
Al kil

100 | 109

125 [ 122 | 137

150 | 133 | 150 | 164

175 143 161 177 191

200 | 152 | 172 | 189 | 204 | 219

225 161 181 200 216 232 246

250 | 169 | 190 | 210 | 228 | 244 | 259 | 273

275 176 199 220 238 256 272 287 301

300 | 183 | 207 | 229 | 248 | 266 | 283 | 299 | 314 | 328

350 195 222 245 267 286 305 322 339 354 383

400 [ 207 | 235 | 260 | 283 | 305 | 325 [ 343 | 361 | 378 | 409 | 437

450 217 247 274 299 321 343 363 382 400 433 464 492
| 500 | 227 | 258 | 287 | 313 | 337 | 360 | 381 | 401 | 420 | 455 | 488 | 518 | 547

550 236 269 299 326 352 375 398 419 439 477 511 543 573 601
| 600 | 245 | 279 | 310 | 339 | 365 | 390 | 414 | 436 | 457 | 496 | 533 | 567 | 598 | 628 | 656

650 | 253 | 289 | 321 | 351 | 378 | 404 | 429 | 452 | 474 | 515 | 553 | 589 | 622 | 653 | 683 711

700 | 261 | 298 | 331 | 362 | 391 | 418 | 443 | 467 | 490 | 533 | 573 | 610 | 644 | 677 | 708 | 737 | 765

750 | 268 | 306 | 341 | 373 | 402 | 430 | 457 | 482 | 506 | 550 | 592 | 630 | 666 | 700 | 732 763 | 792 | 820
| 800 | 275 | 314 | 350 | 383 | 414 | 442 | 470 | 496 | 520 | 567 | 609 | 649 | 687 | 722 | 755 | 787 | 818 | 847 | 875

900 289 330 367 402 435 465 494 522 548 597 643 686 726 763 799 833 866 897 927 984
1000 | 301 | 344 | 384 | 420 | 454 | 486 | 517 | 546 | 574 | 626 | 674 | 719 | 762 | 802 | 840 | 876 | 911 944 | 976 | 1037
1100 313 358 399 437 473 506 538 569 598 652 703 751 795 838 878 916 953 988 1022 1086
1200 | 324 | 370 | 413 | 453 | 490 | 525 | 558 | 590 | 620 | 677 | 731 | 780 | 827 | 872 | 914 | 954 | 993 | 1030 | 1066 | 1133
1300 334 382 426 468 506 543 577 610 642 701 757 s08 B57 904 948 990 1031 1069 1107 1177
1400 | 344 | 394 | 439 | 482 | 522 | 559 | 595 | 629 | 662 | 724 | 781 | 835 | 886 | 934 | 980 | 1024 | 1066 | 1107 | 1146 | 1220
1500 353 404 452 495 536 575 612 648 681 745 805 860 913 963 1011 1057 1100 1143 1183 1260
1600 | 362 | 415 | 463 | 508 | 551 | 591 | 629 | 665 | 700 | 766 | 827 | 885 | 939 | 991 | 1041 | 1088 | 1133 | 1177 | 1219 | 1298
1700 | 371 | 425 | 475 | 521 | 564 | 605 | 644 | 682 | 718 | 785 | 849 | 908 | 964 | 1018 | 1069 | 1118 | 1164 | 1209 [ 1253 | 1335
1800 | 379 | 434 | 485 | 533 | 577 | 619 | 660 | 698 | 735 | 804 | 869 | 930 | 988 | 1043 | 1096 | 1146 | 1195 | 1241 | 1286 | 1371
1900 | 387 | 444 | 496 | 544 | 590 | 663 | 674 | 713 | 751 | 823 | 889 | 952 | 1012 | 1068 | 1122 | 1174 | 1224 | 1271 | 1318 | 1405
2000 | 395 | 453 | 506 | 555 | 602 | 646 | 688 | 728 | 767 | 840 | 908 | 973 | 1034 | 1092 | 1147 | 1200 | 1252 | 1301 | 1348 | 1438
2100 | 402 | 461 | S16 | 566 | 614 | 659 [ 702 | 743 | 782 | 857 | 927 | 993 | 1055 | 1115 | 1172 | 1226 | 1279 | 1329 | 1378 | 1470
2200 | 410 | 470 | 525 | 577 | 625 | 671 | 715 | 757 | 797 | 874 | 945 | 1013 | 1076 | 1137 | 1195 | 1251 | 1305 | 1356 | 1406 | 1501
2300 | 417 | 478 | 534 | 587 | 636 | 683 | 728 | 771 | 812 | 890 | 963 | 1031 | 1097 | 1159 | 1218 | 1275 | 1330 | 1383 | 1434 | 1532
2400 | 424 | 486 | 543 | 597 | 647 | 695 | 740 | 784 | 826 | 905 | 980 | 1050 | 1116 | 1180 | 1241 | 1299 | 1355 | 1409 | 1461 | 1561
2500 | 430 | 494 [ 552 [ 606 | 658 | 706 | 753 | 797 | 840 [ 920 | 996 | 1068 | 1136 | 1200 | 1262 | 1322 | 1379 | 1434 | 1488 | 1589
2600 | 437 | 501 | 560 | 616 | 668 | 717 | 764 | 810 | 853 [ 935 | 1012 | 1085 | 1154 | 1220 | 1283 | 1344 | 1402 | 1459 | 1513 | 1617
2700 | 443 | 509 | 569 | 625 | 678 | 728 [ 776 | 822 | 866 | 950 | 1028 | 1102 | 1173 | 1240 | 1304 | 1366 | 1425 | 1483 | 1538 | 1644
2800 | 450 | 516 | 577 | 634 | 688 | 738 | 787 | 834 | 879 | 964 | 1043 | 1119 | 1190 | 1259 | 1324 | 1387 | 1447 | 1506 | 1562 | 1670
2000 | 456 | 523 | 585 | 643 | 697 | 749 [ 798 | 845 | 891 [ 977 | 1058 | 1135 [ 1208 | 1277 | 1344 | 1408 | 1469 | 1529 | 1586 | 1696

130




il g ol sal) CapSs  dm sy e sell JB e slite - uiliad) Jaadll ) Caall — delinall o el

adoial) Alaiiee o ggll (5 el LASA ) 2-6 Jgan ol

Al &LESJY’I mm
e 1000 | 1100 | 1200 [ 1300 [ 1400 [ 1500 | 1600 | 1700 | 1800 [ 1900 [ 2000 | 2100 | 2200 | 2300 | 2400 | 2500 | 2600 | 2700 | 2800 | 2900
i (PAlal) ki)

1000 | 1093

1100 | 1146 | 1202

1200 | 1196 | 1256 | 1312

1300 | 1244 | 1306 | 1365 | 1421

1400 | 1289 | 1354 | 1416 | 1475 | 1530

1500 | 1332 | 1400 | 1464 | 1526 | 1584 | 1640

1600 | 1373 | 1444 | 1511 | 1574 | 1635 | 1693 | 1749

1700 | 1413 | 1486 | 1555 | 1621 | 1684 | 1745 | 1803 | 1858

1800 | 1451 | 1527 | 1598 | 1667 | 1732 | 1794 | 1854 | 1912 | 1968

1900 | 1488 | 1566 | 1640 | 1710 | 1778 | 1842 | 1904 | 1964 | 2021 | 2077

2000 | 1523 | 1604 | 1680 | 1753 | 1822 | 1889 | 1952 | 2014 | 2073 | 2131 | 2186

2100 | 1558 | 1640 | 1719 | 1793 | 1865 | 1933 | 1999 | 2063 | 2124 | 2183 | 2240 | 2296

2200 | 1591 | 1676 | 1756 | 1833 | 1906 | 1977 | 2044 | 2110 | 2173 | 2233 | 2292 | 2350 | 2405

2300 | 1623 | 1710 | 1793 | 1871 | 1947 | 2019 | 2088 | 2155 | 2220 | 2283 | 2343 | 2402 | 2459 | 2514

2400 | 1655 | 1744 | 1828 | 1909 | 1986 | 2060 | 2131 | 2200 | 2266 | 2330 | 2393 | 2453 | 2511 | 2568 | 2624

2500 | 1685 | 1776 | 1862 | 1945 | 2024 | 2100 | 2173 | 2243 | 2311 | 2377 | 2441 | 2502 | 2562 | 2621 | 2678 | 2733

2600 | 1715 | 1808 | 1896 | 1980 | 2061 | 2139 | 2213 | 2285 | 2355 | 2422 | 2487 | 2551 | 2612 | 2672 | 2730 | 2787 | 2842

2700 | 1744 | 1839 | 1929 | 2015 | 2097 | 2177 | 2253 | 2327 | 2398 | 2466 | 2533 | 2598 | 2661 | 2722 | 2782 | 2840 | 2896 | 2952

2800 | 1772 | 1869 | 1961 | 2048 | 2133 | 2214 | 2292 | 2367 | 2439 | 2510 | 2578 | 2644 | 2708 | 2771 | 2832 | 2891 | 2949 | 3006 | 3061
2900 | 1800 | 1898 | 1992 | 2081 | 2167 | 2250 | 2329 | 2406 | 2480 | 2552 | 2621 | 2689 | 2755 | 2819 | 2881 | 2941 | 3001 | 3058 | 3115 | 3170

131




i) g o ggl) CanSs amy jgis o) sgd) Ji e slaia - (pealial) Juandll Gl Canall — L liiall o glall

alie (alis 13-6 Jsas

A
- 0.25 0.4 0.55 | 0.65
Al
Al A2
C 0.37 0.28 0.19 0.12
2200 palii 0 3-6 Jsos
Y 30° 45° 60°
Al —. 42
Cy 0.02 0.04 0.07
(ale augiz 3-6 s
Al
- 0.25 0.4 0.55 0.65
AZ Al 2
C 0.56 0.36 0.20 0.09
(N A gl 33-6 Jsan
-4 30° 45° 60"
A2 Al
C, 0.6 0.8 1

132




i) g o ggl) CanSs amy jgis o) sgd) Ji e slaia - (pealial) Juandll Gl Canall — L liiall o glall

JSIY aaxia cliadl 8 3-6 Jgaa

73] -

= ? [d - l

Ci=1.25 0.72 0.35 1.22 0.67
g oA 93-6 Jsaa
V2 = C =2 CyxC
Ul 171
0.6 0.34 0.6 x3.5
x

n { 0.8 0.18 0.8 1.8
T 1.0 0.09 1.0 x1.0
2 | 1.2 0.05 1.2 x1.0

133



abead) Juadl)
CALL) slally dadail) dalai)

Hot Water Heating Systems

o W

]




il ol sl oS AL oLl Al dadail - abid) Juadl) Gl Caall — dpeliall o glall

Hot Water Heating Systems ~ (Alud) slally 8.0l dalis]

Introduction daia 1.7

O bl all J8 o Lelae aating 3) o3 pudlal) e A8 il (e A S pall Aantl) Aadasl aad
3 el lelaadll 853 g gl Ay 51 pall Valad) 50 oF 21 sa ol 2l ST e s 68 ) yad) 85 Jagas g
Hot Water ¢aladl olally i) sl ;50 LaS o o3l 4300 e dsinill Ladaif Caiad sale 4 Lgidns

ey el WU ) sl s Hot Adr Systems (bl o sells 42xill oL <Heating Systems
AL pLally daill aUs sa Jaadl) 1 8 Liiay (3 5 «Steam Heating Systems

SALL) elally Asdatl dakai) Caial 2.7
ladiall ) el elal 8 ) pa da )3 oy ) 91 A0 e Al plally A58 dakail Caiad
ale Foa glaiall o3 Caioad (bl 138 e
dzaddial) 5 ol il ja cd ddadl) daks) o
Low Temperature Hot Water Heating Systems
(120°C sl Cladiall ) Seaal) elall 5 ) a Aa p3 (55855 6B _inall A 8 Jandiass
2 bar 253 058 alad) elall ead i o) o A
Ao gial) 3 ad) clayd <l Adail) daad) wo
Medium Temperature Hot Water Heating Systems
Cladiall ) emal) oLl 50 ja da 50 585 5 cdans giall Cilalisall 3 A0 6 Jexiad
10 bar ¢ st slal jaead Jaraia o e (8 ¢160°C 4
Al B0 jad) cula g <) Aadas) daad) o
High Temperature Hot Water Heating Systems
B)a Aayd Sy Glsh Bae e A 5Shall 6B Sl A 4 S pal) Al 3 Jasi
.20 bar ngh.n_.‘\) ¢ el clall JL:- Dray ey 230°C bl Aladall JI jeaadl el
CAL) slally At culsa 327

[T aﬂh, ¢33 yLl) c-l_;_;;‘gl S Laaw W g c‘:."L’.n —J_,a ?L‘"“ g“' Al Ll 42yt L_l_,L.[ lﬂ:ﬂé
équ Oé.l.uﬂl lally 35830 ELEJ el g r.‘:LE.'LH Y Leaas, ‘é_"d'l 3)3,\5]] QU'L:GAY1

135



il ol sl oS AL oLl Al dadail - abid) Juadl) Gl Caall — dpeliall o glall

Sy Jalpall (& ALl elall pusll o 5all o) sgla¥) dal ) dog 8 (38555 Jaae iyl (38a3 -]
c;_n_.;\s.nj'l c.Ln.a.&H J.a.‘l.) 2\.1:13 3_)1_).1 L_ILa.J.J ;515‘ .l:Lan] @ 3.33.213.11 f;Ua.ﬁ :L;JILC, :t;i_)]_)i.hir ‘;L.Iﬂ (.Ji
sda (53 of oSy 3 callaill 13n pe Jamiasd i) A )l jall el Ly e ) Anglall (e Sluad
O 3 lgiidas e gAY bl Aadail Gawd ccaall eliadll Jaka Aadiiia 3 ) e s e el
GSWYI o Cpa 8 ABS)) jaae e Ay Adle 3l a ey i Dbl 6 ool o)
_E‘J'l_)a.“ Q\;JJ L@.wuaﬂa.ﬁ 3.)5\:.:111

Gl abie Gf 3 el Gl jn el deg e Dlaial GALW) elall (o pudll el jig -2
vie Al L) Al slal A il o jad il ey a5 ) ey () oS Bl el
_;_ﬁ._.pns.aj'l };J'l 3__)1_).1 :\.._a._)..! ual..na._l‘

O 48lS (J8F Al ga Al 8 il K o) o ) cdeaall A plaial AglaiY) AKH) (lass) -3
Clas gl Jlasiud o5 13 A8S il 5 casiadll 3 caludl o) sed) Jaxind 1) ¢l sa (5 jlae ASud oli)
Aplaad) o) sell CliSaS e

o) sl Cllaily Jae pe 4K Jil 0 il ela) Jal je Jae of 3 rdsmdal) RS paless) 4
B aall due il clas gl Jee 5 dinly o KH clia il

éta.l it-lM‘ﬁblaJé‘ LEJJ:ILA].‘AAJ i‘*ﬁ_)c' JSJ&.};.}@ LJALuﬂ c.l..n.'ib‘i_ﬂ_‘:\l'l {;L‘:u _)3}.1 =5
(Ol danay B jlall o gl Hlay LS aial (AilasSll ) gall Jglas (8Ll gy ol yeY) il
Al Sl S jaall ae dnlad sie 25Ul LA jladil aiad dalull ddea Jelas d

CALL) slally 438y aUSS i gSa 4-7

SN 8 Omae WS aclus soals Al o) 3a¥) (e dae (e calall el ddaill s o oSy
1 Al o) 32 Y (S35 ¢(1-7)

Boilers Jalall 1-4-7

iy 385 A jiall ¥ lemiaa) 5 4 38 yall 28803l il Y slall (s im el ol el aadins
ad Ay oo S pall Al AU S e aal e dasall gy dalall cies 1Y) deluall al e
Cre 33 siall B0 yall Jaii g oo el Ll g i) 3 gl Lal g ey joS)) A8l Ao 5 Wl glall s
Pl (ans G eldl s 3 celall g We (5S35l all i dasy ) ALl jealiad) aal
Gy Ge Al 3 O g 8 da el Al calil o) a e adias Ll Jal al)
s (2-7) JSE) L (e WS «Water Tube Boiler sbe il 13 Sa ja canny s ccanit¥) Jga ja
JSal) & gue 58 WS Fire Tube Boiler i) caslil 13 Sa ja (camy ¢oSall Cany (5 A1 g il
dal el 29 35 Al Claiae pe doe Hill Gladiall ) Jos o slall 5 )0 ja 4a jo g ldi ) ana g (3-7)
Aladl JSN (5-7) JSEN Cpwy (4-7) SN 8 opae LS il 7 A aa g 085l dala il 3ay
o all

136



il el pedl CanSs ALl eLally Asial) Aadaf - aaall Jacadll S Caall — dpeliall  slal)
Radiators A ) ad) cladial) 2-4-7

alig i pall Jaly Sladiall piagig cdayall e GAL slall Al Al 4ae @l Glaa gl oA
dadiall Guadlall ¢ sedl O gl oall Jaall @ik e ddally calld) eldl gu 5 ) all Jaiil ddee
4% dlee AT 1385 )l ol alaa Jadd oW ) dead @Bl (aliasl ) o lee QA
43 all o) ga () Andiall (o Aliiiall B ) jall dpaS 2aladgocel el mdal 7 gl jo () Aalall (90 (e A8 a0
JS Aalica g Aadiall WA 220 e Wy oo aaied Al Aediall Andand] dalicall 5 cdaididll (ja2a g 53 e
(5 Jbanal) aracaill y llaall (5 ) all Jasdl e Talaie) alaad s JISET saey cladiall aiaty 4s
A el el g gl s (6-7) JSE s

o sl=dl 2yl 380

AN AR jaas [

e
I plaa SV plae
A pliladl ;‘f
lalead
oI |i ol "||§ T |g
- < <
o g s plala
|,
B -

Ml L] (A
I I, [,

Laoiler
o

Pt

e
S alaa

3
—H-b._,-‘uh

E% 2345 G A
P&

S sl plaie

Akl sl
&) gl

TR A4S plaa

TS | de dikalas
T N
= Glal alaca

i 3 alasa

ol oLy i A e 17 (JRA

glall £ oA

L

el g aA

=Y s glall
o

PEERN]

[ Gilsay Al g
Jlaay) a2 s ok kit

RERETY

D bl 3 Ja ye 3-7 JSi

slall caldd 3 Ja 30 2-7 JS2

137




il s el pell Cans AL elally Al Radasl - alual) Jucadl S Caall — Ao licall o glal

- ‘.‘_;.’-'L-.Jl shall m i

1l OA

L gg M s

E'i‘l—dl clall fedd

138



il ol sl oS AL oLl Al dadail - abid) Juadl) Gl Caall — dpeliall o glall

Ao ) jal) cladial) @il gSa 1-2-4-7

B e Adle ) g iladiall () oS

‘é:""““ Jadll u—h—’ ng.l_gj] &_,4]1 O Ladaal ccilalaall e Ok st S p tValves <lalaal) -]
daiid)l o gall ball Lo S DAY Axdal LY slall 385 Jomay pSaidl) (goa jad dadiall
Jame 5 ylae a3 Regulation Valve calall elall (385 Joee 5 jlan sl ailali slasay e
abia ddaud g1 alacall 138 e 5 plapud) (S st 4S8 V) Jtill die Al el 38
A48 a2l 4 s o Thermostat ) >

Soa gl olsed) 2k Lgtindn gy dadiall ddis lef xie sile S iz Alr Vents ) s Slijwa -2
slall )i oy g Andiddl & elall ) )90 aie (I (ga% Aadiall Jado ol gl 352 Y dadidl Jala
2 8/1 sake o 5k uan sl sl e Lsy

L_J.a'l_)c.Eﬂ Lé_nj_) e dxdiall ;_:.a...ul‘r aag i.j.uﬂh Puaa éll.‘ d.u..'zu:\J :Plugs alafdaad) -3
Ailal

S b g dafiall 4dliza) &1 6l Jay ) mpanill Bla s Janios (Joining Nipples gpeaill clas -4
ﬁ):ﬂ%g)1)ﬂ1_hﬂl¢nuu\?nmhﬁg

a8 eladiall e sliall st adal o pudll ail ga Jasiud (Gaskets emdl) Cladla -5
el pan halie 3 4lals 5 Al Cldlaall U8 LeaS 5 a5

el 5 Cilia 2247
rladiall cas 53 die AV Gl ey &bﬁ'l )

Anfall Holaadl jlaall g dxsial G JBY) e 3 om ddlue e Lliadl -]

oY)l g dedall Ala G ol 2aK 8 om Al e Lliall Cay 2

o 5 dadiall Aass e o 10 om ddlae e Baall Gy Slasl) Ja0 dxdal) S 5 s 8 -3
SN

Andal el ol sel il jun S 555 55 i -4

JSEN (e dadiall Dlaat @lld g Gl old) ) A8basS ol go 5l Jillae dil) -5

) lerand (535 A psandlQ #Ol (e Galasll Water Softener sl dalled Jlea ddls) -6
Aaddiall il alal

(8 & 7) (e PH elall dia o Ax 0 e Lalial) -7

e Bl e puiall o sl e B ylanad] Elld g cdaa JAdl M) gl Gl Gladiall S Sy al -8
V53 13y ) pa Aa pn S die 31l eadlall e gl 5% o) i s AT dea Gy e
Al e e o ladd) S 5 jalla aia

ccaill s Lluall (ol 2 Y adall Jsa caulia slind i -9

139



il ol sl oS AL oLl Al dadail - abid) Juadl) Gl Caall — dpeliall o glall

Water Pumps slal) Cliiias 5.7
) Adle B ) ey Al Calal

Reciprocating Pumps 43 il izl -]
Rotary Pumps 4 53l Claaall -2

Gear Pumps 2Ll s 8l Cliiaae -3
Helical Pumps 4nldlll (Al Clsias -4
Centrifugal Pumps s Sl 2 )kl Slaias -5

b lenind JEYN LY (o S pall 20 claan & Al ) e Als el oda 8 Liiey (o3I
oAbl el L) dakl

Glabaall e baslay Wil 5, S0l claiadl glal B oo @3S 2kl cliias b
o Ot LS (538 sl skl claias ¢ S5y Dbl s Jand) & ggany aaii 13 cddag) ) g 3V 5 GulSall
SN s Las ddle de s LA Cde Al 5 3 Tmpeller sball aa 3,Ls ¢ (7-7) S
Y 5L Bl el a1y cip Sl 3l 548 Juis Adle de s AN 24 S 3k
8ol )l 13 es 3l ol gl e i) g il oSy gz S elall e e Jle baia
13 Wi ¢Parallel Pumps Connection s Jlsill e claiadl by ; adall b &gy elall ads 438
«Series Pumps Connection (sl e claiad) Ly jib 3ixl) Jae gl elall Jaruza 3045 &
Lpany Slaiaall bay ) 43 5k (8-7) JSSI Gan

CALL slally 4dail) cila ghila B Alantioual) Clivaal) £ 4 1-5-7
e LS ccalud) slally Al e slata b (g S pall 3kl Claias (e ) il Bae Jani

e clall Adle 5,8 &ly <54 :Boiler Feed Water Pump slell Ja jall 25 3 d3iaa -]
Oe O 5SH elal a8y 3 L o (sl (i jall 13g) Jal yall saaetia Claiias Jasindy «Ja yall v
(19-7) JS&N 5 e LS clla g S 3 oLl dnin 335 yim jid L84 (3 220

Bald) sbaall yon e 43S yall Adul) Slaias Jaxd (Circulation Pumps 483 Slauas -2
Ll phaly Sl A AV Jalaa o Qladll 4 Lie (i ally dae Al Slasgll
(= 9-7) JS&N (A (e LS (SN g Lgle Jalaadl Galaill (e Adiaall

ol pall 4dje 3 aeadall clall » 3 Jeaiud g ;Suction Pumps (Sluhle) il Glaias -3
L (29-7) JSAN (8 e LS

140



il s el pell Cans AL elally Al Radasl - alual) Jucadl S Caall — Ao licall o glal

SRl 2kl dAdiag 7-7 JK&
S5 o i A e Sliiaa
Lpany e liumdll Loy ) -7 JS&

ol 3asmia § 1y

aatl Clditaa - eladls Ja pall ayg Fddma -
Migi,ﬂg-?d&:

141




il ol sl oS AL oLl Al dadail - abid) Juadl) Gl Caall — dpeliall o glall

CALL) plally Asdail) il glila B Gl Clud g1 il 6-7

olaall anlil ASad ansd) Ayl Baa glu dpe al) Colaa gl Jay ) a5 Gy alpall K0S (i
ol LS (A I Bas gl cand A (53l gha asan S0 man (n (G cde il Bas gl aal 5 Gildal

Lo il e glaiall gf 5 puiuall cla sliiall slpa cASadi 1-6-7

Bae (pe OsSE AlL fpania aal g ailda olie A0S e oo S0 Gaw LS e 8l Oilaa gl e gl
13 eyl Gl & cajall se ae i Gladial e 22e e Ao jill Sas ) (558834 (5l 5ha
r Aae il Clas gl KuE Caiead (bl

Series Piping Water System (sl & 590 <3 Gl dsud -]
Single Piping Water System 233 < gail Q13 olsa 40 -2
slall ose £l ) g Omgal 3 olpa 4S04 -3
Reversed Return of Water -Two Piping Water System
plall jdlas £la ) aa Omgdl S olaa 45020 -4
Direct Return of Water -Two Piping Water System

438 sal) AN slsal) CilSudi 2467

cosmbs Al ham My Lyl sl dog gy e 1 Cihsmll ) ol i oy il i
Ay @ k)

Series Piping Water System (sl e 550 I3 i d8u& -]
Single Piping Water System )3 cgaif <13 olea 4805 22
slall puse pla ) aa Gl @1 ol 4504 3

Reversed Return of Water -Two Piping Water System
slall Hdlua £la ) ga Ol 13 olia ASad 4

Direct Return of Water -Two Piping Water System
Three Piping Water System <l 456 &) sl 4505 -5
Four Piping System <l day ) &1 olaa 404 -6
Series Piping Water System (53l e 50 I3 il Al

piiall ) elall feam Lgd ays b pacall e ghaiall of due H8l) cilan ) bl a3l Jentiads
lese (e AGY) LIS A8 uatiy 038y S adall iy JY) adall e 4n s a Jay JsY)
OF Uaady) LalS dadial) aaa 33 =2 Gagadll juaa o8 i) e plall ) ja dn 3 Qalidld) -
Jhe Ja B dlalal) Cilaa gl e G623 cplal) Bl a da s A QRUATY) (ay el Jgadll juae
sl e b 90l canil A0 (10-7) JSE g ccilaagl) (e Bang (s

142



iy el pell CapSi AL elally Al dadast - abaal) Jaadl) Gl Cacal) — Agelicall o slal)

Sl e b0 cld il A 10-7 I8
Single Piping Water System ) g i gail <13 slpa dS0 3

IS 3 jeaall slall s e 3 jlasdl 2% daidiall (pe aad il 5 el eladl (i) aal 5 gl Jastinng
z s dic (Check Valve) o s alaa piay iy (50 oSa3 alaa Guok (o Baag
s ey LB Agin) A8 il Ll Al s Jlia ded seadl) ele JeAs aial dalall
slall 31 n Ao 0 QAR -2 Gaag JU Jgaall slall At 4883 3 plaa ¢l a) ) gliad -]
a5 sl 13 slaa A8 (11-7) JSA Gy s « Sl Jdaa e Siy) Sie

slall use gla ) aa gl 3 olpa A3 3
Reversed Return of Water -Two Piping Water System
agall I aal )l el sle Yy AT sl 5 cclas ol ) Al o La) Jaid Jiiee gl st
aie Lale le lan gl apen abuhi 1agr g cand ) Ll 5 el elall o JaDUAT gan AN Glli

Sl eld) maeal gl e lasal AuSlaa ) sy elall g i panan s olas 5 485 5 ) s Aa
ASeE (12-7) JS& Gays eAlalad) Claiiall 5 pulas ol pa) () Aaladl J85 gy cdndd) (o LAl

slall e pla ) g O sl I3 ol

|%-% F?-%“mm
%_ £‘| %- §—| 3 plea

aa) 5 gl 3 olie A5 1147 JS8

143



iy el pell CapSi AL elally Al dadast - abaal) Jaadl) Gl Cacal) — Agelicall o slal)

{-T _

—

slall e pla ) e Cupsl 3 olie 3805 1247 JSE
plall s £la ) aa Om gl ld olsa A3l 3>
Direct Return of Water -Two Piping Water System
my Jaal) ()3 dle aa el G ale Calias L) Y] i) e Cua e Gl ¢ il 4l
oo oSl M) il GIY eadll jaas e samad) Axdiall 60 Cagn SA (Aadal) (e 4 A
Ol i3 e 4805 (13-7) JSE Cpus b plee ol pa) () A saiall zliad 13 (5 A1 ciladial)
slall ile gla ) e

F% Y L% ?!Lq;HJ Y ploa

slall y3lie gla ) ae Gl 3 olie A0 1347 JS
Three Piping Water System «sUl 4356 &) ol 4505 5

Stadl elal) Jai) Ganios J oY) ecanlil &35 (pa (5S35 ey il g 438030 al 12 Y da slaiall sda Jaad

sale) o dary G sl o) Gan B eledidl) ) bl el i Gty SGH ccladial L)
zhiall () Lol a0 elall a5y 50 sall Aa oy pesnia o sty 3 egliall elally alaBia) e AL L)
o8 Jand ALl el adal (o il s mlial) sla) adal daiae e dashial iy daall ) W)
s el b ol Jasall ga JS slak) sl Judiy 31 ad) ekl a8y Al jlae e da gl
colall lia oy laa o yall slialy aluiall o s Cus i) J gead Cons Laa Lagilile) o Taa Loglinis

144



iy el pell CapSi AL elally Al dadast - abaal) Jaadl) Gl Cacal) — Agelicall o slal)

ia ds oWl gy da el e JS Jensd ANEEY) Jpemil) b Lol colil] Jomb b prma (uSall g
slaa Aol g Andiall ) Jsadll J QAL oLl mBiall clall Ll 35l (e Aadiall Anlie 3 a
Al 2355 3 ole ASu5 (14-7) JSEY s L e Janls A0S Alle Al RS, ey Lala)

Four Piping System ol day jf @il slpa 40 3

Oabatia pile o dnlia JS (59083 3 pald £ 6 e Gldia o L) galy da glaiall o3 i
Edi.dl LAl dﬁ.ﬂ djr\)'l ﬂ._ir_lgtii :’uu‘)'; ‘:I.r. :\.n‘}]:an.“ Lﬁ‘}:la:l‘_g cc.l:.e]'l PAL J‘_'v.;}ﬂj sQa'.Lum elall LAAJ;'I
CE ¥y celall lia ) aliall slall sale Y AV dadiall b bl pladly Galadl caldll
Y 6l cdasadl N oAl el saley al iy cdadiall L pallll el cala ) caludl el Jidl
Ol & jidy o S s Ailal) da glaiall 8 LS palid) slall 5 aliall elall o ala Gaany () (S
o) Ay pu gy Gpatiy AJUY) Jgeadl) (8 Lapes W g oAb pall duilia B ) a da )2 g8 b
JRE Gy Aleall 8K, Juodall Al Aniagy) 4K Aal e A8 axdy ) all cla e
Al Ayl 3 oo 4825 (15-7)

Ef" #la
v ' Al sl
m
4
dada
i
j =) U s
. &1_; el
(AL plal) ddaa
4

1
.

Gl G 3 slae ASuE 1447 JS&

145



il s el pell Cans AL elally Al Radasl - alual) Jucadl S Caall — Ao licall o glal

- i ols - -
Sl Fl - -

+ - -

I L £ ;
b +' o
: ¢ : |
g f 3

o i mhia J paly el o
S S gl sla -
' ] [
!
Al ol 5
< @ <

il a3 oo 4805 15-7 S

146



il ol sl oS AL oLl Al dadail - abid) Juadl) Gl Caall — dpeliall o glall

A} aadl) ALin

ey Loy AY) cle )l Sl 1

................... Seeeeeeeeeeeeerrenes Severerrnnneeneennnernn oo AL elally Atdal) Aalail Caiial

[ ]

...... 3 e "2 e ] (o (S e B (63 Cpaal) MRS e (e @

............................ S NSRRI (8 JCN P\ REPYEs [RUALRUTE E b LR JUP PP

sl aand L She Glacal s oV 13 sl Al b Al 5 ) goay elall fla ) paiay @
Alalad) Cladiall c-'l_):s] u-‘} ;t-h-Lh..‘lll Jai lr:lﬁ..)_‘g Aaiall Cra CJL;.HJ _')é_s.al'l

Alalall Colaa 8 ¢l a) N elall pilie gla ) ae Opss¥) @D plall (pdid da shia zlinS o
.............. G &l

I | elall i Js¥) g agiy 3 ccanlil D0 (e sl A 3 olpal) A4S0 () ST @
sale) e Jeny G Gpul) o) Cus 8 el )L elall Jity ety U 5 Cladiall
......... elaly ada3a) a2y L eld)

dedie JS ggiad Cam ald g g (e Gladie o L) gialy Canll Ay Y1 ld dashidl Gl e
......... clall HaWIg ekl da¥l.esls

sl Gl ) sladl Jil JsV1 Gl dmg )l e el Ay Y1 @l daglaiall (s 5ia @
cale ) plall Jial Gl Gt 5 cold) lia ) slall ey AV slally
Aasd elal sale t._l'l_)l'rj Cieranns el

Y dasdl Jaly agaeall gl g cdedall Akl yie e of gedl by yusa (S 5i @
Al Lf ____________ o, ALY daiadl JAlysdgag

oAbl oLals Aaaxill cpdas La

Toaludl clall Aadxl ila glaie il oS e

) all cladiall (€ 55 el lie ] L

oaludl Lol 2381l il slate 8 Yiaaiul SV & il La g Teldl iliine Cainal L
SoAL plally Luiill il plaia 6 dlaaivsall (5 S pall 5 Hhall cilias ¢ 4l L
it )l B gl Ao ) Clas gl oy ) a8 s aliall Sl Caiia L

LOmsn¥) 13 slall Sl A Ao § ) geay aan g elad) ra (g B30 L

Ledlantind C¥laa oy ol BEDEN 3 olpall AS 0 ane )

20
RIS
Ao
S
160+
T
8187

9

_&ijﬁn 038 2af s ) g ¢Jal sl &k}ai e 1100

147



Craldl) Juadll
4 g Asl) bl

Electronic Principals

Vg |




il 5 o) gl (oS 885 PN Pl - A el E Cacall Aseluall o glall

Electronic Principals 439581 bl
Introduction dadia 1-8
Solid-State Elements s2alall Allall jalic o) gel) CaySS Aol ‘__‘__._=| ?S;ﬂ'. D 83 (e 230 Jantiud
aa) pealiall ods i S e oY) el ety 13 cdpdalinall s A01S0all 3 3¢ e Sl
_)...au.c. (e I.L\'I_)jim_)ﬂ_)ﬂ]_s tﬁhﬁlﬁl Jia S.J.nlajif Al _).a.al.u:- c_l_a'.i'} Ld.l.& dal.n_'m ‘;3 (s Lﬂ..u@
0 a ga aledl g I3 5o 5 Da S 3 gall Caniiat (e Ui (e 5 e sall oladl Lgde glkay
Cla gall sladi g J 3 gadl g CDUa gal) 2-8
tot o (M eSlel s 583 a3 LaS o gall s
Jie B8 e SLoeSH LA e mend Al Al a5 :Conductor <Sasadl 1-2-8
s S e S e e ssiag 3 LA LS 5 )l aa s dale 3 seay el
Lglia ol | yaiasa Ll GIST o) gus JLall L 5eSH agal) (5 S s A jall AL 5 5l
il Jo s e SU e Ll g pe mandY SN o sdl oo cInsulators JVsd) 2-2-8
b il aat A€l AN 5 jad) i g SN e G dae e gl il el el Lalladi
eadl
ool Jexd 3 «cBla sall 5 I3 sl G Javs s 2 50 A :Semiconductors <Bua gal) sbudi 3-2-8
glhadl  ial me G, A4E wW o8 Aa g J de Sllasall
any Alal 3k e Wilase e aSadll (S ¢ (<273.15°C gl (laall jikall)
2—,‘:‘1-‘_)35-“ Lg:lgln.a}.e B.JLJ_} ‘_;] :L__ILTI :d.na_ja.“ 4_;.:; J'f_j.q.“ QJ &a.]:ﬂ.“ :lea.c (_I,'L_‘st ((.,_u.]:\:\“) uﬁ\;ﬁd‘
obdl Jaaisiy (Type -P) casall deapdl iy (Type -N) bl Joa gl api zlu)
(I.L\'IJ_H'I.\M) t_iL”ﬁLlﬂ‘ Jia ;3‘).]:_*‘.“_9 ?SA:JII E):I'IJ é A.Hue.l)j] _).a.-nl—!.l.“ e iclia Lf k_lm.ha_g.a.“
esbasad) & Gy 0y sSalull Alia pall 4nds o) gl aal (ha g el g 330l
Diode (2ss1a) AU 3-8
Ciplall amy 3 Gaaly Ragd Glo JSE N-P Cbbasall sl L8 e aglad) oS i
oo sall 4y Juaiall Cohall oy (on (B A Gl 4l e 280 P Jeasall 4ndy Juaiall
Q_é Ll celiay ddlay 2SN Jiad 3 pmaall Cilaglall gﬁ Ll (K yall 4l e s 248IL N
ol Ll 5 par ransy 2 galall Of g ymall (pag eho g Allay S gl ) L Duals 511 il gl
S leans a Gy Sl g1l Gany (1-8) JSEN famy AV oaiVUL 6 35 e alayy (pna
sl A

(o slall) A o) sl (oamy 1-8 JS

149



il 5 o) gl (oS 885 PN Pl - A el E Cacall Aseluall o glall

(2520401) ALY Jas 1-3-8

S s e e s (B pala¥) Sl e alids de ) Juagi e 3 gl Jeny
foi LS ¢ uaSall Juai¥) o aliadi aic

(P) Lnill Camsall 35 Jom gy e LV s 3 :Forward Bias <l¥) jbady) -
s ¢ oaall Qi) ladlly (N) Al Qlladl & SSI e g9 (s (A ¢ jraall Can sall adlly
Sl e e Jas ON Jsasill dlls 8 b eS olieS gl Cojuaiy Allall o3
(2-8) JSAI (8 asa LS ¢ AL yeS)
Glailly (asall) 3sY) ey Al ) A 8 :Backward Bias (Al Jbad) .o
OS5 ANl sda by paaall o sall Caladly Joa gy (calldl) S SASY o a3 sraall L
(OFF aaill dlla 3 b a8 ZUaaS 3 lall Copuayy clan fai o 3 hall sl (e B slial

(2-8) JSA i (e LS
_'_ﬁ P “ N
) -
[
OFF
PN tp{ . —"o
— ®= ®
1'# 1F ¥ _'_”_L_
sl L

A SV g ala¥) iVl maia s & 25l 2-8 UK
(A9401) ALY clarin 2-3-8
da) g 390 aladinly JLEL  ge Chal a gl

Aa gall e Ll t_i...a.ﬂ'ftu:rdu'l LJP@ s el 2o yiall Uil Cas gall Caiaill b glall e
s ) Aalal) did o)) e 43S0 T patie |yL8 o glall aey Ll L) 06 lg ¢y g pally
aa e il J)LQEELE.“ Cras e ey Al Wbi&#)éﬁﬁ‘ﬂ‘ 2y il gl
Ol (San g ¢(3-8) JSA (8 Gase LaS ¢ LAl Aa g Joand (S Al g <l il sk G35 il )
JSEN 8 ame LeS gz gl ) Ariiall Aas 80 ) (5258 3 Aandiall das B3 30 3 galall ey Ll
OS8RV 58 paindl Ll () J g Il (3] (4-8)

150



il 5 o) gl (oS 885 PN Pl - A el AN Cacal) dgelicall o glal)

aa) 53 gl Jlaatuls 20 yiall LAl s e ial a6 3-8 JS5

.a‘. = -

AN A=
AWAWGw

sl s ) a8 dnndiall A 32l ) 4-8 S
(8 Bl 3 pila) la gl dag )l Jlariady cglital) Ll Jalg (94 ol -

oo 1335 B aien s () Jsatd 23l Hlall QeSS Ls g5 Jead Cla gy dnf Jantins
8kl oo oLl 85500 duad jaad Say s o il 3 0 (5-8) JSE Gan s canl 5 250y Jlesiial
s ol il Al 8 D, 5 Dy sl 6% Jaall da gall i e caaill S8 LS
058 Jaall s ge e Al Caaill 8 Ll ¢ Dy agdall & Ry Jaall daglies Dy 2slall e )
35l 3 Ry Jaall Aaglie s Dy aslall yie Uil jed o alal sl Al 3 Dy 2 5lall 5 Dy 2 salal)
2y CGanada sl (100 Hz) Waa i 4 giall il gall (e Alulas o Ry deadl Jiasy 138 5 (D,
A DI AdlasS danda 5 yhailll o gie 7 A o deasns (50 Hz) (ssbad (Al dapad) Jaal) As 50
(5-8) JSE 8 (e LS e sliiall agall palaii (521 100 kF (e ST &le

220V

151



il o gell iy A SN il = EBN T E Cacall Aseluall o glall

Transistors () g 330 ) Apudal) 4l Dluaa gal) olud) 4-8

Oe 33 Gl peaie gl A e 0pSiseY) el il elde e (338 (S5 1948 ple

4alS Transfer Sl juaial s 5 «Transistor Jsiv 3 d aul e | alh] dlia sall 403 3 sall

dana e eluy e jiall llacall ge Sba st 33 i macal 8 5 e J8) i a3 51 Resistor

oy 3) g ySY) alle (85 jika Sigaa o A8UL ARl ASDgiu) 5 dngial Al geu 5 4405 A1
) i ) Al ) gl s (6-8) JSEN Gy L s AN US55 L) S ) s 3l )

S AN a5 1-4-8

Al 5 Ao gall Al gall 4s O gl (e adad O prend Gask o Gl g i1 pdea
s 3 058 Adle 3 gumn g ¢N-P-N JAY!5 P-N-P Laaaal &) s 3 e e 53 lllia
D 31 0685 @l g o sl ABkasall b IS 8 S o ) e il N-P ilas (e
b)) dakidl awiy (7-8) JSA 4 (e LS (N-P-N Wy P-N-P Wi i &36 (5
pelalh AV s (Emitter Seldl Laalaaf et k)l ikl W Bage saclaly
g5 (o Qliih Lgha g el P g 3 (e At ge N -P-N s 3308 () 6€5 Cua «Collector
-saclall ey -2 Celdl — saclall Alay -] s N-P plilay oS5 cllhy  (aaladly Seldl) N
o Gl ey g clae ) gl 5 g SEIYNAS ja e Sl s 36 50 Jae dala ety caalad)
D 33l andad3l) el e Sl e aclus Lae (N g sil) (e B0kl a4 () jady ag
Aag pd Oe S el Celdl day pd 8 il pll) 35 55y P-N-P w3l s N-P-N
oy ol g SV A N -P-N s il il 8 &aa 8l clala o) ) 3 LEY1 jaady  adlal)
Sl il & P-N-P s siw 3l 3

—————— |

s 33l il o) gl (s 6-8 JS

152



il 5 o) gl (oS 885 PN Pl - A el E Cacall Aseluall o glall

=
== : ¥
+ e i
— W
3 5

s iyl S 53 7-8 84
i3 3 Jas 1ase 2-4-8
@aelill s oSanl) 5ok e el A adal) e Sl (g pleaS ) g 3 A Jany
S oRidia U el Gk oo aalall G Jle A e A0S ) s il Ul Al s
Belas ‘3‘&‘3 (.-)“:'“ U ) g sf._aa.“ peea 4_1}54 Ju.ag‘_g saclall
S A e L) 3-4-8
Transistor as An Amplifier :SaS i 3 A Jlaaicl .

3ol Jane o o dall aie il 33 e el Al ilgn 8 G gi 3l Al
a5 Al lasl A 9 5 sball e SlASY LSl ol jaaall iaxs 3 0l IS ‘;]::5_9 PPN T O
(b Lar 50 S ldial ge andld (Say g (8-8) JSAI A LaS 5 ¢ gaalail)
Common Emitter & idal) &eld) 3 8 ||
Common Base 4 jidal) 33c18l) 3 6la 2

Common Collector & sidal) galad) 3 58 3
el i sall (e s s S aibiad (1-8) Jsaadl Cuns

DS B (g g il Al ey )50 pailad 1-8 Jsaa

& jida palal) A8 jika Bacld A fife Cel) i 3 T AL
J = -~ 2l s
axi N and il s
N N s 3 Y]

153




il o gell iy

A 5 ) il - el Jadl)

A% i i
' » re
F ) =
['.U :.U:T.C' ,C.G ::f
L Ana galall 3 A plaseli 2 kil
gaoadic wallGiry  Jadlue yall ) s
R i 2_3a Jeal) i e 2,30
Jaaall A8 ns

G Coall Ageliall o glal

2SS g 30 il Jlasind 8-8 JSE
Transistor as A Switch gldaS ) giw 31 A Jlaxio ae

sl e L 8 alall s (358 daad Aacld 3 GBS LS )5y e S i 33530 gy
(9-8) JSE an t@.-iﬂ'l A gﬁ s 33 Al o) AdLST) 22 gﬁ Jy 6(&23_95 02 9_“_9;. ggjb.u:a)
0SS ) g 33 Al Jae 300

I 1.10K
- \ + w—@ .
T P X Jugo g 1A

US| s 3l il Jee 9-8 JS3

Integrated Circuits IC adalgial) il gal) 5-8

W e g sin 505 2 lall i Ca gall sl yoalic fpede gana e AlalSidll 5 3l () oS5
paall B ppua Ay Sl 3 pls Jao dead 3 AR ) dag ydy QS Cleslial) e Lgdiale aa
ity ALl i gall g il s (10-8) JSEN (s sl duana )5 Jusndil) 48 55 ga 5 AlalSia
«Scale of Integration SI JelSill Lulia anss lead CDa sall s Sae Y e ALKl i) 50l
JelSll (ulie Cayial 3 gas (2-8) Jsoall maass

154



il 5 o) gl (oS 885 PN Pl - A el E Cacall Aseluall o glall

JalSall (e sl 2 5o 2-8 Jsan

b sall ol e raidall ausy! ST Jalsill ulsia
10-1 SSI Small s
100-10 MSI Medium Jaw sie
1000-100 LSI Large »S
10000-1000 VLSI Very Large la nS
100000-10000 SLSI Super Large »Sll i

O sl oAl e Ao e ()5S Cistall A 9330 £l o Lo gl ALK gl ST
I 8 e led il 230 Sy counbaaly and s Ll Apame Gkl o (5siady ecajall
(11-8) JS (g3 ae LS il i 5 g cLa 503 40

W el 5 duhadll ALaKall i gall Ladaaf (rand e Lgids ) lag dLaSial) i) gall canats
gl La yedif g edad M ALalSEAl i gall AV cclinall 5 cagaldl (358 laaia g ol ) 5K
Aliaiall 5 LaY) Jpad ALalSial) il sall e (5 AT gl gl lllia g Q) 5 ,SIAN g Cilalanlly cdlaiall
(CMOS (opanme Lot Al i sall 2Y () sedia il a5 oSl y 4pad ) 3L )
TTLY 8 o gAY 5

8 ghiall Aa o0 o ALKl 3 all 11 -8 JS& AlalSiall il sall gl il any 10-8 JS

gkt g ALalSaal) il pall o) il and sy L e
Operational Amplifiers Jehdidl) O pSa 1-5-8

0 7okl s aanllS Ayl lalaall 8 Ledleaial <l g 3ae e Juill & 86y ok

e shiia lgie Cilashiia sac 8 5 ksl y (bl 3 eal Jadd Lgllanial ) ohai g ¢ Jilaill calal)

3g] A88aN a4 jea ) zling ¥ alaill 13a Jesiisn O 3LEY) jaais co) sl CanS s il
(12-8) JS&N & xiia ga LeS A plalY) Aflioa) 5o 4 ymay S Lail 5 callantivs) Jal e plil)

155



il 5 o) gl (oS 885 PN Pl - A el AN Cacal) dgelicall o glal)

Jeil) &l S0 12-8 JSS

Gl e C¥lardind 1-1-5-8

e 58S Clapdad (8 Jodil) S st

Comparator (tial) -

il die JAadl G Al a5 Y eplane G )W 3 e B jlke Al

sie Jaad e S Sl e Gegall die Jaadl 1S 136 (Sl je gl uSlall
Ll ey J e (g abos s jae laay (&all 5 Liago Laslie €l o 3 IS el gl
Lodind (13-8) JSAI 8 e WS (0l 33 JA1 aila (5 shsay oSats N 3 A & o slaall i o
G Sy S oy e Jldia V) JRad! dea (e STV, daaa aea o GO S
(12 V (ssbes adaay 58 Gli ¢ 0,12 mV st G OIS 13) 4] g1 4330 100000 e
Zheadl 30) (g2 13

15v

10V

: :

8V
AN et o 15V

bl
sl

LAl gl i e

O A il s g plal Sl Jlarial 13-8 JSi
Inverting Amplifier Circuit osSlall juSal) 3 4l
iy 5ol 5 ,L3Y1 s o 8 o2 aady cuSlall KAl 5 i (14-8) S (s
Jasal 5L Gu Ry oY) Aesliall a5l 6 el o Taldic) W sl f
it i gy v Ay slall sl s R S BBl s cim (b 45l S8l
Riy 5 Al ) R Al daglaad) o dpill asly il

VS}‘.
. |—'\M T
Vin © AN [_\H -
ke

//

i

oSl €l 3 50 14-8 JR

156



gl slodl RS S Y iyl Gl el 200 el Attt el

Summing Amplifier el jSa 3 yila -
S oalal Gaes aread o Sl 138 Jamy creadl a5 5 (15-8) JSEN
oo elldy (Jilua gaiy JAly IS 53 AplSaly uSall 138 pady 3 LY GSay Goas baas S
Analdll Sl glaall A 3y

_‘\?W 1x.f_.
o _—
W o MV a
\-\_:-—1.-—01-"-'- '
V: c—f\/\q;‘\: 4 :'//I//
v C*—"\f\}‘v— : o

Jalae 430 pala 15-8 S
Timers 4l lidjall &

Cilan 8 D Boase Oliani yd o8 Lgia sailall AlalSha 3 0la e 3 )le A 3 AU 5l
A A s e Slaakiy Gaad M) 555 Cdsall 4 ilsall Gl jedl ey cAme
o sings (Il o S (B e s ge ALlSEe B I (e 555 Sl O Sy Sl
el aga B B af) el 4385 Al ((16-8) JSAI (A (e WS (panli Al
ZIAY 8 3 ad, sl ddagg o YU | @by el us Bl 15 5 e sl
6 a8 sl e agall (38 2aay g 33 #08 Jae Jary 2 a8 gl Of Gas (B e lianil)
S semy Jasd of 5000 a0 13 L) ] Jpeagh vic Balall gl Al il asdy 3
i (oYU 4 8 Gl Jaa s o3 13 L) taall dgas 4 a8 e sdll Jaa g 5 jalina
dime Glay = A ) «Mono Stable iiwall auagll Laa ¢ ULKES Cidgallg 5 plall Jae
o~ @ia dae Jasy 3 Unstable sfiwall e sl 6 )83 15 el (e Aima s 5l et

e 33 i Gliadi 7 )3

=) 8 i gall agall

= IC 555 7 &
e 6 A gall

Jial 5 JP_H?S;_—,

555 el sl 16-8 JS

157



il 5 o) gl (oS 885 PN Pl - A el E Cacall Aseluall o glall

Gl Juadl) Abiaf

ey Lay A8Y) cle ) jal) Slal 21w

............................................................ ) 2 all & Al S Aba sall 3l 5l -1

..................... S RRSRRIY TOURURRRRERRSRRRRSRREREE 4 DR | I\ PUN | I P,

............................................................................. 2 sall g &3l 3l sl -3

______________________ @ h))ﬂ}” _)....aL.u.‘.'r &m@w‘ :le‘?alll 4\.124 .ﬂj.a“ _)G“:‘i -4
..................... aly & 4,

JJS'LS.H &aﬁ&@s)&mﬁ __________ t_.!lain..: .3_5,3‘2’1 ;_I...a_g;lq.nhy‘ _)Lp..:‘jl ;L.“.a.‘_';-s
Juaddl adlly

Jeagy 258080 o s B Daadll ahadlly 2 53] Jia gy AR LA A d -6
.JMAH ......... ‘T&Lﬁl—.’

W e g, Seeeennns S, palic (e de gane e AL 3001 () S5 -7
_____________________ 50 Jae Jead 3 ‘HQEJZ_\E_}&,QGSSAJIJQLUM1@L@MA@

& s rrae Gl Badse Clanh o Leda sadlall | oe 5ole el iyl -8
........... o Al el Hel) e

............................ Glay 71 ,ak 555 Clgall il il 08y -9

.................... T e, ey il e auagll (8555 Je il Sl Jeay  -10

250l 555 e 120

£ Gee 2yl ol 13050

Agalall EVleadil S3) 4w

ol e ey Tleiinda g La g 2o jiall Ll a3 5 JaB () 5S35 s 50
el clisla) e g FALASH A sl g 58 5 A gall el g G (88 Le G
€ Ll a5 508 8 Raciiall 535 Le 17

¢ s 33 Al i) e sill Laa Le 1§

T A e s 3l S Laatul 2ae 1

ZU8aS ) s 33 Sl Jae 3 5300 an ) 11004

Bl laxinnl o Ly il il e % 110

il Sl ey Q36 S 120

158



