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(i ) Slas gl Gl ) alladl Slas ) Gl s 523 3-1 J s

A 3 il 2 ) el

Clan g sl o g ) Alailly Cilas )

eallall AUl clas

A daild Slaa g Al Al
1 ft=0.3048 m 3.2808 ft (1) i
1in=2.54 cm 39.37 in -
| mile = 5280 ft
0.4536 kg=11Ib 2.205 Ib
lkg (m) Aksd
1Ib=16 0z 0.0685 slug
0.06243 Tb/ft3 | kg/m®  (p) &ty
1 Ibs=4.448822 N 0.225 Ibs IN (F) s
| bar = 100 kPa 0.145 Ibg/in? (psi) (P) Ll
I bar = 1 kgy/em® 0.2953 in Hg i
101.325 kPa He%ops () om e |
760 mm Hg 1 atm
29.921 in Hg
0.7376 Tbe.ft
1 Cal=4.184] TR E 4l
1 Btu=1.055kJ 0.2388 Cal 1y
2.778 x 107 kW. h
1 hp=7457W 0.7376 Tbr.ft/s
[ hp = 2544 Btuh 3.4121 Btuh (P) 5,
1 TR =3.515 kW 0.001341 hp 1W
1 TR = 12000 Btuh
(C) % 51 5515al
0.23885 Btu/Ib.°F | kl/ke.“C

TR =l ok e )5 ¢(Btuh) delofisilhy 55 )) ya sas 5 idbadle
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1 Jie

m/s S (60 ft/s) Js .

.(cfm) Cubic feet per minute ! (30 m*/h) Js>

Jb 0 LS o Le (12 kg ) ComnsS ol Dl glad AES

(Ib/ft2) 5 (psi) <has s Jariall jlaia 2 (98 kPa) &) diiae A (5 5all Jarial) (1S 1)

(Btuh) Gilas o laas s(SOO W) Gﬁﬂﬁmﬂnu 0 (30 3 g28all 5 ) all deS

TR 5 Btuh @l g 4ies 2 (7.2 kW) 4w S |

PN

(3-1) Jsa e falaie!

1. 60 ft/sec x 0.3048 m/ft = 18.288 m/s
2. 30 m*h x (3.281 ft/m)? x /60 min = 17.66 ft/min
3. 12 kg x 2.205 Ib/kg = 26.46 Ib
4. 98 kPa x 0.145 (Ib/in>) / kPa = 14.21 psi
=14.21x(1/12 in/ft)> = 0.09868 Ib/fi2

5. 300 Wx (3.414 Btuh)/W = 1024.32 Btuh
6. 7200 W x 3.414(Btuh)/W = 24580.8 Btuh

7.2 kW +3.5169 kW/TR =2.04 TR . or

24580.8+12000 Btuh/TR = 2.048 TR
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Cond anadl g€ jad ) Aa) ) A & Lansal) 581 daial e Juals adly Jadl) G
Sl Adsbeall pe i) s g o5 gall

Sk e Jeadl vy W=F x X
a1V L9 69all Lo T8|FTER
W=F XX (7 Jadll W
(N) 5 gall F
(m) sl )

Jsall (& Jadll Gl 3aa
Laladl (1 m) L )a8e Aafj) La aua ¢l 2 & (1 N) L )ale 568 Alls o3l Jadd) s 1 5ol

Energy adlall 4.1

Glo anadl Jadll 4 lie 4SSl AN 565y Jd) sy LD Ll Bl el
Ania g sl die pu i aual)

Kinetic Energy 48 jal) A3Ual) 1-4-1

iak ava sl 08 ade e pu u il Al Ll Lo anall A Al A8 (o jad
Aslaall (e A8 pal Aal) Coundy A8 jal) amila Aay® Sad ey o by s &S Ha dilla Sllia,

A _ A
" KE=%>< m X v?Z
O cos
__ J PRGN PrIAT KE
kg o) A8 m
m/s ac il \
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PE=mXgXz
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J poa sl Al PE
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- | g5 |
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Energy Resources Al jolas  5-1
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Aaia) Al Bl s Y ) U e s ye 5 )Y ol Ay )l dilay dsadd)

(Al

Power S 6-1
(W) Bl oa gl an 59 «Jalll Sl el Jaxall o4 5 a8l

Heat ) 7-1

I s AT AU ) e Bl agan e Al AU ) g (e by sea Ll e 5l jall Cayad
Pl (ge 31 pall Gl Saaag g Gaaldaill 0 351 all Sla )3 BOA s JWEYY 138 g Ll
L) L seia 51 pall it 13g] | 30Y) 8l padl da 0 (53 aUaill ) et 5 ) el A (60
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(J) dsal) Slas ol allall QUailly g (Btu) 4xtay 40 )) s Bas

Temperature o)l da o 8-1
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Al ) aladiily HAT ) GUas e s ) el cils 2 Jasad S

9 s e e .

°F = g"c + 32 Al yedll 3 )l all da o

o 5 o -, i -
=5 X ('F —32) A el 8 ) pall A o

K=°C+273.15 dalladll 3 ) jall da o

Methods of Temperature Measurement 5 ad) 423 (w8 36k 9 -1

%)QM‘@&AM‘ salall &yk_lmatlll.ﬁ_gm ‘:\}EJ'I_);J'I Z.AJJLHIAALM
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Mercury Thermometer @S )l aall 1-9-1

O ol S5 Cua il S Bl padl Sla 5 ulie de gana A uliia) 138 Giay

Jas) gadil B, e I3 (B3 pasiee) dala ) iay Alind e Jualie g md ala ) sl

sodae o8 (558 ol (sl JS5 sale Aall (5Si5 (1-1) JSE G WS Qlaadl e 350 sl

slall Olle 31 a da yo s (A el Jleail &) a da s o Sie WL e g )il auia 55 (il
ol (5 sall Tkl e

oudie 4 dediidl Ogall SS1 e (3530 e
O o 81 AT el ) 88 B0l il g
¥ «eaa il ! mhau Jlu Y Y zla )
owmind Ge 485 Lot Adle dad 53 eaad Jala
Boloall Sla ja & s

A3 O B sana G805l el pladinl Jlae
3l a s 25 —38.87°C) Gl dlesil ) o
(356.58°C o)l e |

42 0 351 pall s 52 Galia e gl 58l -1 JSS

14



dale iy g Js¥ Suadl) Ao s ) - dslial) a glal)

Alcohol Glass Thermometer (JsaSl sl 3 al da s (ubia 2-9-1

JsaSl) padiuy 6 ) gluly S Al Cua (e A1 551 all dan (el 4llih g4y
3l adl Glajal ldad) 13 Jlasind Sa Y 4 PR TR Jal e el paa Lua 4] caliadl
(SN 5l da pa Gulie (2-1) JSE da s (—113°C) Oe Ul laa daiaia)

A a8l 5 )yl il j3 Galie ) 30 241 US4

Bourdon Tube Thermometer O 88 A sl 31 _ad) da o (uliia 3-9-1

I Ll ety 03 sl 03 5 Al da s i
b1 sana ailal) 0 5Ss f Alladl o 8L i g ¢ (il
M\&ﬁﬁaeﬁbh#%&@»
= dakaiall s2a é}a \?u’..::l_s chJJlJ;Q\;JJ L__).u"__ptg ."a'lJ.a.“
3 gord sl Aau s Wpad) Juasi o Wl a5 0 4 s
(3-1) JS&l (B mage s LS 600 ), Al ae Bl
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ol it e 3L ORE g ) o a0 (0 (00 A p255 1a gt g ol 5 fnas
(05 253) (—35°C, 350°C) cx»

Bi-Metallic Strip Thermometer ¢l AU 30 all da 3 (ulila 4 -9-1

oan g Lagha & (gl all 2aaill alaa (2 (ailide (piane (e OiiE ) Ofindad (g0 8 e
Ol A cpaad die o (1 4-1) S8 8 LS anall AU Jay 55 il oald alal dlau) 5 Sl
oo Aaill) 5 el AU AS el o2a « AW e ST Gaioeal) aal 2ad dagm day Al Mae Gaaag
3l Gl jo padie & Jall s LS daline Gl el 8 Leie 52l Sy 3 ) jall da o ) s
Oanall (AU 5 ) el ds 5o el (@ 4-1) JSA Gy 5 (Thermostat) 30 sl Sl jo Slalaiag
052 A Al sdge gAY D iy Adile saa) i Gale JS3 e el U (58 o (S
sootad) e g sl 38 a7 4-1) JSEN LS 6 jall sl cile) ji Jaad s e da gl e
(—180°C, 420°C) 0 5,1 all s 53 G s2ad LDl

15



dale Cildy s

€ s ;
Canal) U8 ) all A jo e 4-1 JSS
Thermocouple sl zaaall 93 3 ol A ya (ubiia 5-9-1

Mg g (SSais olad S e s ) Jie Cilide Guiinae GSle (e (5 0) all 7z 52 34l 5SS

(i 5-]) JE) ga LS Lguld o gllaall 31 all Cila 5o (60 e duiamal) Sl _;r Ol sl
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Pressure baall 10-1

Al Ban g5 (Aaloe / 58) dalidd) saa 5 o dlaliidd) 40 ganll 5580 jlaia adly Janiall iyl
Clielias aladiul Says o(Pa) JSallls sas gl oda o yady o(N/m2) alladl Cilas gl alas e
adiied ey yd) Alail 8 Wl s e 5 (MPa) JSuls Saall i (kPa) JSuls sLSI (Jia 52a 5} 038
S (cm Hg) (385 aw) e Slaa gl e el iy o(psi 2 [2isk) s (psf 2a8 /ai5b)
(100 kPa) s s s (bar) (W) sl (in Hg) (B &)

Atmospheric Pressure sl bruaal) 1-10-1

D sl Gl () el sedl agee (35 e AU darall Gl ga L Sa A (g sall Ll
ot 20°C die adl mhau s o goall biall oS5 dalud) sy o (Ga)Y) paw
die Jiy jaall mlas (5 sl (o Liaidl) LS (5 sall daacall 213 315 ¢ (101.3 kPa) 9 dan 2al 5
Bl i 5l da e (gsall Tl adiny Al dali ey adl e e plis Yl
e bl seall laall iy o)l A s plai ) ae Jiay )l A s pElaad) ae (gl
(350 e sy i) Al 5 e B3 e slan eV (e Glae sl e ke say A5
Al e (5 e e (35 ) 33ee 76 cm Hg (A s sa) barall 2ad ¢(6-1) JSEN 8 o o8 LS
(20°C) L ylaia s ) ya da

aala el ( &')3 e

S5

. BN

;_L\L('x* )

2o e ) 6-1 JS&
2 Jha
13al 5 Sl (B ol Dary A 5 sall ) ST Lagyl ]
fdal g Celill) 8 die Canall 8 (g gall baiall Caling Ja 2

(in Hg « cm Hg ¢« psi « kPa) ) 1.2 atm Js> .3
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(8 ® | % s
1.327 0.462 141 | 1.872 | H0 sl Al
1.400 0.287 0.717 | 1.004 | — At
1.393 0.26 0.662 | 0.922 0> S |
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kJ/kg. K kd/kg.K

4.18 ela 0.42 =

1.005 el sa 1.26 EEREN

4.84 L 5| 0.92 i)

0.97 (R-12) 12 il oile 0.84 G sk

1.26 (R-22) 22 zlill xila 0.88 Al i

1.43 (R-134a) 134 zf xl 0.8 zla)
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Sensible and Latent Heat Adals) g dus gunall B) a0 16 -1
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(kPa) (C) (kPa) (C)

4.25 30 0.26 0=

.39 40 0.40 D

12.35 50 0.61 0
101325 100 0.87 5

475.8 150 1.23 10

1554 200 1574 | 15

3973 250 2.34 20

8581 300 < i 25
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Steam Tables JAa Jglaa 322

Jadiy gadil) Jaina die 5l aadill 5 ) ya da 0 die L) all JA pal i A s G
& sinall 5 Gantiall Qi) 5 Ll 3800 ZiUal) 5 copmaiall Bl 5 Hal o sl anall Gl ) o3a
sy o laie) bl &5 sall pal dll (2-2) Jsaal) Ghus omadall Jiladls Al (5 ) jal
i il i e Tilaie) glall 450 5all (alsadl o (3-2) Jsaadl o cps (A aniill 550 ya
il Byl pa Aann Lo ildel R-134a i) ald 40 sall (ol sl <l (4-2) Jsaall
el daia e Talaie ) 4313 il aslal &5l jaldl el 01 iy (5-2) Jsaall

Fluid Properties & gl yal i 4-2

@JJ:L}CQ:}]'UG:L}J'I)A.“ J\_";.!.‘Jd_sh;é_)s.ﬁc.lb ‘?;d'ljw léﬂj&“datsg =t X 'ol.'\.‘ai
Lad pat g Jatl y ALl 551 jall LseS ladial 3y Lpash 43 jue

Ciglia) ailall AL g paall Hlaie G 4l ga (0) Specific Volume () =5 paall o
Alie pald ey 13l oo il aaall a8 SYL 5 (MP/kg) p2Sp 4l 3aa 5 (LS

e diad Al g adlall LeSTiay Al &8l a5 (U) Internal Energy (o) 4dalall dall o

U A pundl Gal A1) e (A5 (k) sshS Ledid Baa g5 ale g5 ailall 3)) s A 0

(kJ/kg) paS/J s sbS Leulid 33 55 (1) 4o ol il AU S5 Bale alyy Lgld (S
RENURE

Jlll e S pes Juals Sl (a8b) seed s (H) Enthalpy (7<) golosl Gisedl e
H=U+(PxV)
slall Jhiall Jie Aima 3))a Aaal Jhia Lo laia (g ga (5 sinad i) Aaf Jany
anld saa g5 (h) o5l olall ssinal cllla g (il Wi gl 4 5uls 4a 0 40—
(KJ/kg) wsS/J 5 518

Bl da o ) dpus AEE 3 ) jall jlade Jieg iy wad 98 (S) Entropy ss5Y) e

Gsinall Jia Ay Lsusdl pal Al e as (KI/K) GES /s S Lenld 3as 44

() o= i) (oY) clliay e ) a Ao de i) aa je dlde Cua e 5l )
(kJ/kg K) GAS 228/ 5o S 4lB 3as 44

1 Jtia

aeiiall L) s 8 ell) (5 ) el (6 giaall g Adalall d8all 5 e i) aaal) 5 Jaraall o
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mpesy
a3 ) allds jo o slaedll Al i L
i L aidl Lt gl 2 st
P =70.183 kPa
: 0 =0.001036 m’/kg
I U Jiquid = 376.97 kl/kg
h liquid = 377.04 kJ/kg
2 Jia
OV a1 aaa 2a 0.5 kg U A elall g ALS (audia ele Jlag o (g ia ()35
‘(]250(:) La_)l.m 3_)1_):\ 5._-.1;): Qe AL‘IJ.LMil}
pesi

) yadlda ja Al L;;Sl'l} (2-2) Jsaadl a2 5 )l jall da o ® slaxall dualall Qi Lay
(o WS aadall el al il = st
fede s P =232.32 kPa

$u 125 =2

0=10.77012 m’/kg

74
0=—
m

V=mXxo

V=0.5%x0.77012 = 0.38506 m’

160 kPa L xie R-134a zliil ailal pafia Jiles e (s siny of 51 80 ainus o) 5
OV AN G sial 1) adlal) ALK SIS il 5 ooyl sall (5 sinall 5 45 ) ja da ja g Jil) ALS 0y
A Jaa e
i) gad)
o=l sl 7z jaiui s charall anlul (5315 (5-2) Jsaadl aaiivs Tariall 4 Slasall Laalall o) Lay
b LS5 aaiall il 5 aadiall i)
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Sl

1<

0 =0.0007437 m’/kg
hig=31.21 kl/kg

T= 156

Vv
D:—

m
m:—

0

__ 80x1073 _ e

e i e () 3al (5 gial 1)

160=_ |

JEy i V vapor = 0.12348 m*/kg

| v

: m=-

' 0

-3
m = 89X10 " — () 647 kg vapor wturation

General Equation of Gases
salall (sl e 13 calal) Gl sl Aoy salad) el sa Gy Jan yi ) ABal) i ya

0.12348

<)t dalad) Aalaal) 522

syl adl daHa g aaall daaall Loy g el jadl dalad) Z\Jab..dlo.nu:.\_-‘sajgseg}‘)’l ol sall ol
-Aaallal) ads et ¢l Jladl dlad) dds 3 8aal g adalea
uuajuigéwyusj ] daladl Adalaall au 5 adalaay

PV=mRT

BEIPERN
Ol Jaria
Dl Al
Olad) el

3_)\_);.“3«_1._)_":

= I I i
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aaaill salall el ga Sl Juaill oY Als ) - A luall 4 glall

Ol camal) p e gl 5 ) jally Tkl ¢ oty e il 5l sad) o G Ul culs iy

(Cy) paadl gy dae gill 31 jall — (C,) bl & gy dse 5ill 3 ) jall = (R) Jlad) s
R = Cp - Cv

o s ¥ Jeaill 2 (4-1) Jsaadl (8 e g8 LSy Glall g b cann Jlall cull caliay

D amy

4 JUa
A;}I 6101.325 kPa a_)L‘.i..o Jn.i...'a_s 6(250(:) 3_)1_):\&.}_).‘: i 3 kg 'Ub_)'l.\.ﬂ.n c.1_9,g.“ wa.tls
<) gal
2 S el dalall ddalal)
PV=mRT
10 s
(dl (2 sllan ) i) a2 1V
101.325 kPa s g5 il aia : P
3 kg sy Jlall A 1 m
(4-1) Js3> 0= 0.287 sl slsell Jdl Wt R
298 K = (273+25) ssbiig el sedl 3 ) mdn 00 T
mRT
V T e—
P
298x0.287x3
= =253 m]
101.325 )
=2 _
aaall
.
p= ” ‘
S ISETEN
Slad) 48U - P
3
= = 3
T 1.18 kg/m
oV 253
m 3
0 =0.843 m/kg
5 Jba

j:l.il.-.'aj 6(170(:)3_)1_';;:1_}_)33190;\_;.-&5;!‘;;1{; gﬁ;ﬂﬂ},(}@@m%lj@i
Ll (il oyl 4 5 8 alalll cllee 8 GaaaS V) e s 3 Jexiad <100 Bar
(e A (s W) ANS o) (7°C) 3,0 > A 25 75 bar )
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day CpaaS Y A - Jleaiu¥) i cpanSGY) A = cueadial gﬁudg;“sjyuaxs
Jlaxin)
me,=m; — my CladAl 1u:d'|‘).\:..-.u59 _9“!'14.1‘35

PV=mRT
0.03 m® = (310%30 ) & shul) aan =V,

10000 kPa =(100%100) s sonrs Juanisaly! J& 3lad) bowa = P,
L glhaa Jleaia¥) 8 Jal) A€ =
(4-1) Js> 0 0.26 sl OpanS N Jlall Sl = R
290 K = (273+17) sty Juaxin¥) Jad ¢l 5¢dl 35 )a 4n 50 =T
(< 4l ) aaa) 0.03 m® =(310%30 ) &) shull) paa =V,
7500 kPa =(75%100) (s ston s Janiss¥l) 22y Jlall boaiia = P,
4y gllaa Jlaain) 2ay jlall 41K = 1y
280 K = (273+47) s sbasi s Jaaia¥) 22y Jall 3 )l mda 0= T
PxV

RXT

10000%0.03
= = 26x290 3.978 ke

__7500xa03_31”)kg

m,—_—
27 70.26x280

m, = 3.978 — 3.09 = 0.888 kg

<l gl



Al 50l el s S Juadll oY sl - e liall o glal)

(30 a0 da o () atial) elall a4y ol ol ol gad) 22 Jgaa

sy s &5l aaall PREIPEIA] gl s g g A

el mpd  _ mke  Whke L1 L1
C kPa * S B e ¥ G B B e B
001 06117 0.001000 206.00 0.000 23749 23749 0.001 2500.9 2500.9 0.0000 9.1556 9.1556

5 0.8725 0.001000 147.03 21.019 23608 2381.8 21.020 2489.1 2510.1 0.0763 8.9487 9.0249
10 12281 0.001000 106.32 42020 23466 23887 42022 24772 25192 0.1511 87488 8.8999
15 1.7057 0.001001  77.885 62980 23325 23955 62982 24654 25283 0.2245 85559 8.7803
20 23392 0001002 57.762 83913 23184 24023 83915 24535 25374 0.2965 8.369 8.6661

25 31698 0001003 43340 10483 23043 2409.1 10483 24417 25465 0.3672 81895 8.5567
30 4.2469 0.001004  32.879 12573 22902 24159 12574 24298 25556 04368 8.0152 8.4520
35 56291 0.001006  25.205 14663 22760 24227 14664 24179 25646 05051 7.8466 83517
40 7.3851 0.001008 19515 16753 22619 24294 16753 24060 25735 05724 7.6832 8.2556
45 95953 0.001010 15.251 18843 22477 24361 18844 23940 25824 06386 7.5247 81633

50 12352 0001012 12026 20933 22334 24427 20934 23820 2591.3 0.7038 7.3710 8.0748
55 15763 0001015 95639 23024 22191 24493 23026 23698 2600.1 0.7680 7.2218 7.3898
60 19947 0001017 76670 251.16 22047 24559 251.18 23577 26088 0.8313 7.0769 7.3082
65 25043 0001020 61935 27209 21903 24624 27212 23454 26175 08937 6.9360 7.8296
70 31202 0.001023 50396 29304 21758 24689 29307 23330 2626.1 09551 6.7983 7.7540

75 385897 0001026 41291 31399 21613 24753 31403 23206 26346 10158 6.6655 7.6812
80 47416 0001029 34053 33497 21466 24816 335.02 23080 2643.0 10756 6.5355 7.6111
85 57.868 0.001032 28261 35596 21319 24878 356.02 22953 26514 1.1346 6.4083 7.5435
90 70.183  0.001036 23593 37697 21170 24940 377.04 22825 26596 1.1929 6.2853 7.4782
95 84609 0.001040 19808 39800 21020 2500.1 398.09 22686 2667.6 12504 6.1647 7.415]

100 10142 0001043 16720 41906 20870 2506.0 41917 22564 26756 1.3072 6.0470 7.3542
105 12090 0001047 14186 440.15 20718 25119 44028 22431 26834 13634 59319 7.2952
110 14338 0001052 12094 46127 20564 25177 46142 22297 26911 14188 58193 7.2382
115 16918  0.001056 10360 48242 20409 25233 48259 22160 26986 1.4737 57092 7.1829
120 19867 0001060 089133 50360 20263 25289 50381 22021 2706.0 1.5279 56013 7.1292

125 23223 0001065 077012 52483 20095 25343 52507 21881 27131 15816 5.4956 7.0771
130 27028  0.001070 066808 546.10 19934 25395 54638 21737 27201 16346 53919 7.0265
135 31322 0001075 058179 56741 19773 25447 56775 21591 27269 1.6872 52901 6.9773
140 36153 0001080 050850 58877 19609 25496 58916 21443 27335 17392 51901 6.9294
145 41568  0.001085 044600 610.19 19442 25544 61064 21292 27398 1.7908 5.0919 6.8827

150 47616 0001081 039248 63166 19274 2559.1 63218 21138 27459 18418 4.9953 6.837]
165 54349 0001096 034648 653.19 19103 25635 653.79 20980 27518 1.8924 4.9002 6.7927
160 61823 0001102 030680 674.79 18930 25678 67547 20820 27575 1.9426 4.8066 6.7492
165 70093 0001108 027244 696.46 18754 25719 697.24 20656 27628 19923 4.7143 6.7067
170 79218 0001114 024260 71820 18575 25757 719.08 20488 27679 2.0417 4.6233 6.6650

175 89260 0001121 021659 74002 18394 25794 74102 20317 27727 20906 4.5335 6.6242
180  1002.8 0001127 019384 76192 18209 25828 763.05 20142 27772 21392 44448 65841
185 11235 0.001134 017390 78391 18021 25860 785.19 19962 27814 21875 43572 6.5447
190 12862 0.001141  0.15636 806.00 17830 2589.0 80743 19779 27853 22355 4.2705 6.5059
195 13988 0001143 014089 828.18 17636 2591.7 829.78 1959.0 27888 2.2831 4.1847 6.4678
200 15549 0001157 012721 85046 17437 25942 85226 19398 27920 23305 4.0997 6.4302
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Al 50l el s S Juadll oY sl - e liall o glal)

by Wy o 3 sl PRENPEIN] gl s gisd TP
Pal gl mike kl/kg ki/kg ki/kg K

¢ kPa e R G B B e B B e Ba B

205 17243 0001164 0.11508 87286 17235 26%.4 87487 19200 27948 23776 4.0154 63930
210 19077 0001173 0.10429 89538 17029 25983  897.61 18997 27973 24245 39318 6.3563
215 210569 0001181 0094680 91802 16819 25999 92050 18788 27993 24712 38489 6.3200
220 23196 0001190 0.086094  940.79 16605 2601.3 94355 18574 28010 25176 3.7664 6.2840
226 25497 0.001199 0078405  963.70 16386 26023 966.76 18354 28022 25639 3.6844 62483

230 2797.1 0001203 0071505  986.76 16161 26029  990.14 18128 28029 26100 3.6028 62128
235 30626 0001219 0.065300 10100 15932 26032 10137 17895 28032 26560 35216 6.1775
240 33470 0001229 0059707 10334 15698 2603.1 10375 17655 28030 27018 3.4405 6.1424
245 36512 0001240 0.05465% 10569 15457 2602.7 10615 17408 28022 27476 3.35% 6.1072
250 39762 0001252 0050085 10807 1521.1 26018 10857 171563 28010 27933 3.2788 6.0721

255 43229 0001263 0045941 11047 14958 26005 11101 16890 2799.1 28390 3.1979 6.0369
260 46923 0001276 0.042175 11288 14699 25987 11348 16618 279%.6 28847 31169 6.0017
265 50853 0001289 0038748 11533 14432 25%.5 11598 16337 27935 29304 3.0358 59662
270 55030 0001303 0035622 11779 14157 25937 11851 16046 27897 29762 29542 59305
275 59464 0001317 0032767 12029 13874 25903 12107 15745 27852 3.0221 28723 58944

280 64166 0001333 0030153 12282 13582 26864 12367 15432 27799 3.0681 2.7898 58579
285 69146 0001349 002775 12637 13281 25818 12631 15107 27737 3.1144 27066 58210
290 74418 0001366 0.025554 12797 12969 25765 12898 14769 2766.7 3.1608 26225 5.7834
295 79990 0001384 0023528 13060 12645 25705 13171 14416 27587 32076 25374 57450
300 85879 0.001404 0021659 13327 12309 26636 13448 14048 27496 325648 24511 5.7059

3056 92094 0001425 0019932 13600 11959 26558 13731 13663 27394 33024 23633 5.6657
310 98650 0.001447 0018333 13877 11593 2647.1 14020 13269 27279 33506 22737 56243
315 10556 0001472 0016849 14161 11211 26372 14316 12834 27150 3.3994 2.1821 55816
320 11,284 0001493 0015470 14451 10809 25260 14620 12385 27006 3.4491 20881 55372
326 12051 0001528 0014183 14750 10385 25134 14934 11910 26843 34998 19911 54908

330 12858  0.001560 0012979 15057 9935 24992 15268 11403 26660 3.5516 18906 54422
335 13,707 0001597 0011848 15375 9455 24830 15594 10860 26454 3.6050 1.7857 53907
340 14601 0001638 0010783 15707 8938 24645 15946 10274 26220 3.6602 16756 53358
345 15541 0001685 0009772 16055 8377 24432 16317 9634 25951 37179 15685 52765
350 16529 0001741 0008806 16424 7759 24183 16712 8927 25639 37788 14326 52114

355 17570 0001808 0007872 16822 7064 23886 17140 8129 25269 3.8442 12942 51384
360 18666 0001895 0006950 17262 6257 23619 17615 7201 24816 39165 1.1373 50537
365 19822 0002015 0006009 17772 5264 23036 18172 6055 24227 40004 09489 49493
370 21,044 0002217 0004953 18445 3856 22301 18912 4431 23343 41119 0.6890 4.8009
37395 22,064  0.003106 0.003106  2015.7 0 20157 20843 0 20843 44070 O 4.4070
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Al 50l el s S Juadll oY sl - e liall o glal)

(arall Qi) i) bl it &)1 sl al 5311 3-2 Jgan

ba iy & 3l aaall As)) Aatl) g ) A s giaal g
el G — m¥/kg kl/kg kl/kg kl/kg K
KPa  op g R G B B G B B e o @

1.0 6.97 0.001000 129.19 29.302 23552 23845 29.303 24844 2513.7 0.1059 88690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 23928 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
20 17.50 0.001001 66.990 73431 23255 23989 73433 24595 25329 0.2606 8.4621 8.7227
25 21.08 0.001002 54.242 88.422 23154 24038 88.424 24510 2539.4 03118 83302 8.6421
30 2408 0.001003 45654 100.98 2306.9 2407.9 10098 2443.9 2544.8 0.3543 82222 8.5765

40 2896 0.001004 34791 121.39 2293.1 24145 12139 24323 2553.7 0.4224 8.0510 8.4734
50 3287 0.001005 28.185 137.75 22821 2419.8 13775 2423.0 2560.7 0.4762 7.9176 8.3938
75 4029 0.001008 19.233 16874 2261.1 24298 168.75 24053 2574.0 0.5763 7.6738 8.2501
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 23921 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 22593 2222.1 24480 22594 23723 25983 0.7549 7.2522 8.0071

20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 21904 24624 27196 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 21785 2467.7 289.27 23353 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 2158.8 24763 317.62 23184 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 21427 24832 34054 23047 26452 1.0912 6.5019 7.5931

75 91.76 0.001037 2.2172 38436 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558
100 99.61 0.001043 1.6941 41740 2088.2 2505.6 417.51 2257.5 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 41895 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 10597 0.001048 13750 44423 2068.8 25130 44436 2240.6 2684.9 13741 59100 7.2841
150 111.35 0.001053 1.1594 46697 20523 2519.2 467.13 2226.0 2693.1 1.4337 5.7894 7.2231

175 116.04 0.001057 1.0037 486.82 2037.7 25245 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 15706 5.5171 7.0877
250 127.41 0.0010e7 0.71873 535.08 2001.8 2536.8 53535 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 54857 1991.6 2540.1 54886 2172.0 2720.9 1.6408 5.3800 7.0207

300 13352 0.001073 0.60582 561.11 19821 2543.2 56143 2163.5 27249 16717 53200 6.9917
325  136.27 0.001076 056199 57284 1973.1 25459 573.19 2155.4 2728.6 1.7005 52645 6.9650
350 138.86 0.001079 0.52422 583.89 1964.6 25485 584.26 2147.7 2732.0 1.7274 52128 6.9402
375  141.30 0.001081 0.49133 594.32 1956.6 2550.9 594.73 21404 2735.1 1.7526 5.1645 6.9171
400  143.61 0.001084 0.46242 60422 19489 2553.1 60466 21334 2738.1 1.7765 5.1191 6.8955

450  147.90 0.001088 0.41392 622.65 19345 2557.1 623.14 2120.3 2743.4 1.8205 5.0356 6.8561
500  151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550  155.46 0.001097 0.34261 655.16 19088 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600  158.83 0.001101 0.31560 669.72 1897.1 2566.8 67038 2085.8 2756.2 1.9308 4.8285 6.7593
650  161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 20755 2759.6 1.9623 4.7699 6.7322

700 164.95 0.001108 0.27278 696.23 18756 2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 25740 709.24 2056.4 2765.7 2.0195 4.6642 6.6837
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Al i)

ki/kg

P g

ki/kg

S e E

gJ Al g gisal

i

w3 A
kl/kg.K

J i

x

800
850
900
950
1000

1100
1200
1300
1400
1500

1750
2000
2250
2500
3000

3500
4000
5000
6000
7000

8000
9000
0,000
1,000
2,000

3,000
4,000
5,000
6,000
7,000

8,000
9,000
0,000
'1,000
2,000
'2,064

0.001115
0.001118
0.001121
0.001124
0.001127

0.001133
0.001138
0.001144
0.001149
0.001154

0.001166
0.001177
0.001187
0.001197
0.001217

0.001235
0.001252
0.001286
0.001319
0.001352

0.001384
0.001418
0.001452
0.001488
0.001526

0.001566
0.001610
0.001657
0.001710
0.001770

0.001840
0.001926
0.002038
0.002207
0.002703
0.003106

0.24035
0.22690
0.21489
0.20411
0.19436

0.17745
0.16326
0.15119
0.14078
0.13171

0.11344

0.099587
0.088717
0.079952
0.066667

0.057061
0.049779
0.039448
0.032449
0.027378

0.023525
0.020489
0.018028
0.015988
0.014264

0.012781
0.011487
0.010341
0.009312
0.008374

0.007504
0.006677
0.005862
0.004994
0.003644
0.003106

719.97 1856.1
731.00 1846.9
741.55 1838.1
751.67 1829.6
761.39 18214

779.78 1805.7
790.96 1790.9
813.10 1776.8
828.35 17634
842.82 1750.6

876.12 1720.6
906.12 1693.0
933.54 1667.3
958.87 1643.2
1004.6 1598.5

10454 1557.6
10824 1519.3
11481 14489
12058 1384.1
12580 1323.0

1306.0 1264.5
1350.9 1207.6
13933 1151.8
14339 1096.6
14730 1041.3

1511.0 9855
15484  928.7
158565  870.3
16226  809.4
1660.2 7451

1699.1  675.9
17403  598.9
17858  509.0
18416 3919
1951.7  140.8
2015.7 0

2576.0
25779
2579.6
2581.3
25828

2585.5
2587.8
2589.9
25918
25934

2596.7
2599.1

720.87
731.95
742.56
752.74
762.51

781.03
79833
814.59
829.96
844.55

878.16
908.47
26009 936.21
2602.1 961.87
2603.2 1008.3

2603.0 1049.7
2601.7 1087.4
2597.0 11545
2589.9 12138
2581.0 1267.5

25705 1317.1
25585 1363.7
2545.2 14078
2530.4 1450.2
25143 14913

2496.6 1531.4
2477.1 1571.0
24557 1610.3
2432.0 1649.9
2405.4 1690.3

2375.0 1732.2
2339.2 17768
2294.8 1826.6
2233.5 1888.0
2092.4 2011.1
2015.7 20843
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20475
2038.8
2030.5
2022.4
20146

1999.6
1985.4
1971.9
1958.9
1946.4

1917.1
1889.8
1864.3
1840.1
1794.9

1753.0
17135
1639.7
1570.9
1505.2

14416
1379.3
1317.6
1256.1
1194.1

11313
1067.0
1000.5
931.1
857.4

7718
689.2
585.5
450.4
161.5
0

2768.3 2.0457
27708 2.0705
2773.0 2.0941
27752 2.1166
2777.1 2.1381

2780.7 2.1785
27838 2.2159
2786.5 2.2508
27889 2.2835
2791.0 23143

2795.2 2.3844
2798.3 2.4467
2800.5 2.5029
28019 2.5542
2803.2 2.6454

2802.7 2.7253
2800.8 2.7966
2794.2 2.9207
27846 3.0275
2772.6 3.1220

2758.7 3.2077
27429 3.2866
2725.5 3.3603
2706.3 3.4299
2685.4 3.4964

2662.7 3.5606
26379 3.6232
2610.8 3.6848
2581.0 3.7461
2547.7 3.8082

2510.0 3.8720
2466.0 3.9396
2412.1 4.0146
23384 41071
2172.6 4.2942
2084.3 4.4070

46160
4.5705
4.5273
4.4862
4.4470

4.3735
4.3058
4.2428
4.1840
4.1287

4.0033
3.8923
3.7926
3.7016
3.5402

3.3991
3.2731
3.0530
2.8627
2.6927

2.5373
2.3925
2.2556
2.1245
1.9975

1.8730
1.7497
1.6261
1.5005
1.3709

1.2343
1.0860
0.9164
0.7005
0.24%
0

6.6616
6.6409
6.6213
6.6027
6.5850

6.5520
6.5217
6.4936
6.4675
6.4430

6.3877
6.3390
6.2954
6.2558
6.1856

6.1244
6.0696
5.9737
5.8902
58148

5.7450
5.6791
5.6159
5.5544
5.4939

5.4336
53728
53108
5.2466
5.1791

5.1064
5.0256
49310
4.8076
4.5439
4.4070



il salall al 52 Sl Juadl oY Als pall - dgeliall glal)

(30 all s 53 ulad ) R-134a i) il 4 5) el ol 311 4-2 Jsoa
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°C kPa m/kg kl/kg kl/kg ki/kg.K

He 2 Mo pad pomak ik Jep Mo Jodae Jead B0
5164 00007055 0.357 149.93 204 49 354 42 14997 37285 22288 0803 1759
5438 00007069 0340 15111 20388 354 .99 15115 371348 222313 0808 1.758
5724 00007083 0.324 15229 20327 35656 15233 314 2178 0813 1.756
6022 00007008 02300 15347 20267 356.13 153 51 ara 4 2123 0818 1.755
6332 00007113 0285 154 65 20205 356.71 15470 37537 22066 0823 1.754
66 55 00007127 0281 155.84 20143 asrar 15680 37590 22010 0828 1.752
69.91 0.0007142 0269 157.04 200 81 35785 15709 37662 21953 0833 1751
7340 00007157 0257 15824 20017 358 41 15820 37724 21895 D838 1.750
moe 00007172 0245 15043 1949 55 35899 15049 37787 21837 0843 1740
80.81 00007187 0234 160 .64 198 91 359 56 160.70 37849 217.719 0848 1.747
8474 00007202 0224 161.85 10827 360.12 16191 37911 21720 0853 1.746
8881 00007218 0214 163.07 197 63 36069 16313 37973 21661 0858 1.745
9305 00007233 0205 164 28 196,98 36126 16435 38035 21601 0863 1744
a7 44 00007249 0196 16550 106 33 36183 16557 38097 21540 0868 1743
10199 00007264 0.188 166 73 19567 36240 16680 38150 21479 0873 1742
10671 0000728 0180 167 95 19502 36297 16803 3822 21418 o878 1.741
24 11160 00007296 0173 16918 194 35 36353 16926 38282 21356 0883 1.740
11667 00007312 0166 170 41 193 69 364N 17050 38344 21294 0888 1.739
12192 00007328 0159 17165 19302 364 67 17174 38405 21231 0893 1.738
12736 00007345 0153 17290 19235 36524 17299 38467 21168 0 898 1.737
13299 00007361 0146 17414 10167 36581 17424 38528 21104 0.903 1.736
13881 00007378 0141 17539 190 99 366,37 17549 38589 21040 0908 1
144 83 00007394 0.135 176,64 190.30 366.94 17675 38650 20075 0912 1
15105 00007411 0130 177.90 189 61 36T 51 17801 3871 200.10 om7 1
157 48 00007428 0125 17915 188 62 366807 17927 38T 208 44 0922 1
-15 164 13 00007445 0120 180 42 18822 368 64 18054 38832 20778 0927 1732
-14 17099 00007463 0115 18168 18752 36920 18181 388.92 20011 0932 1.7
-13 178.08 0000748 0111 182 96 186 .81 36976 18300 38052 20644 0.937 1730

(=
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-12 18540 00007498 0107 184 22 186 10 370.32 18436 39012 20576 0642 1730
-1 19295 00007515 0.103 18550 18538 37089 18565 39072 20508 0.947 1729
-10 20073 00007533 0.0%9 18678 184 67 7145 18603 39132 20439 0952 1728

20876 00007551 0095 188 06 18395 3n202 18822 39192 20369 0956 1728
21704 00007569 0092 189.36 18322 37257 18052 39251 20299 0.961 1727
2557 00007588 0089 190 65 18248 37313 19082 39310 20229 0966 1726
23436 00007606 0085 19194 18176  373.70 19212 39370 20158 0971 1726
24341 00007625 0082 193.23 181.01 37425 19342 30428 20086 0976 1725
25274 00007644 0079 104 54 18027 3148 19473 39487 20014 0681 1724
26233 00007663 0077 19584 17953 37537 19604 39546 10942 0 686 1724
22 00007682 0074 197.15 17877 37592 19736 39604 10868 0860 1723
28237 0.0007701 0071 108 46 178.01 7647 19668 39662 109795 0.995 1723
20282 0.0007721 0069 19077 17725 37703 20000 39720 19720 1.000 17122
303.57 0000774 0067 201.10 176 49 37758 20133 39778 10645 1.005 1.721
31462 0000776 0084 20242 17572 378.14 20266 39836 19570 1.010 1721
32508 00007781 0062 20374 174,95 37869 20399 39893 19494 1.014 1720
33765 00007801 0.060 205.07 17417 37924 20533 39950 19417 1019 1720
34963 00007821 0058 206.40 173.39 379.79 20667 40007 19340 1024 119
36195 00007842 0056 20774 172 60 380 34 20802 40064 10262 1.029 1719
37450 00007863 0.054 20008 171.61 38089 20937 40121 19184 1.034 1718
387 56 00007884 0052 21041 171.02 343 21072 ANTT 19106 1038 1718
400 88 00007906 0.051 211.76 7o 38198 21208 40233 19025 1.043 1.718
41455 00007927 0.049 2131 160.41 38252 21344 40280 18945 1.048 117
428 57 00007949 0048 214.46 168 60 38306 21480 40344 188 64 1053 7
442 04 00007971 0046 21582 167.79 38361 21617 40400 18783 1.058 1.716
45760 00007994 0045 1717 166.97 38415 21754 4p455 1870 1,062 1.716
47280 00008016 0043 21854 166.14 38488 21892 40510 18618 1.067 1.715
488290 00008039 0042 21991 165.31 ssEN 22030 40564 18534 1072 1715
504 16 0.0008062 0.041 227 164 48 3|ETS 22168 40618 18450 1.077 1715
520 42 00008085 0039 222 65 163 63 38628 22307 40672 18366 1.081 1714
537.08 00008109 0038 2400 162 81 38682 22444 40726 18282 1.086 1.714
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°C kPa m’/kg kl/kg kl/kg kl/kg K
=R 280 Jezh Bjiibd  giab e Jps JPelipe Sl R oas
19 554 14 00008133 0037 22539 18196 40735 22584 40780 18196 1091 1714

57160 00008157 0038 22676 18110 40786 22723 40833 18100 1.085 1713
58048 00008182 0035 22816 18022 40838 22864 40886 18022 1.100 1713
60778 00008206 0034 22055 17933 40888 23005 40938 17034 1.105 1713
62650 00008231 0033 230.94 17845 400390 23146 40001 17845 1110 1712
64566 00008257 0032 232.34 17755 40089 23287 41042 17755 1114 1712
66526 00008283 0031 23374 17665 41039 23429 41094 17665 11189 1712
668530 00008309 0030 23515 17573 41088 23572 41145 17573 1124 1m
70580 00008335 0029 236.56 17481 41137 23715 41196 17481 1129 1m
72675 00008362 0028 23197 17380 41186 23858 41247 17389 1133 17
74817 00008389 0.027 23039 17295 41234 24002 41297 17295 1138 1.710
77006 00008416 0.026 24081 17201 41282 24148 41347 17200 1143 1710
79243 00008444 0026 24224 17105 41320 24291 41396 17105 1147 1710
B1528 00008473 0025 24367 17009 41376 24436 41445 17009 1.152 1.709
83863 00008501 0024 2451 16012 41423 24582 4144 16012 1157 1700
86247 0000853 0024 246 54 168.14 41468 24728 41542 1684 1.161 1.709
88682 0000856 0023 247.99 16715 41514 24875 41500 16715 1.166 1709
01168 0000850 0022 240 44 16615 41550 25022 41637 16615 11 1.708
93707 0000862 0022 250 89 16514 41603 25170 41684 16514 1176 1708
96298 00008651 0021 25235 16412 41647 25318 41730 16412 1.180 1708
98942 00008682 0020 25381 16309 41690 25467 4776 16309 1185 1.707
101640 00008714 0020 25521 162 05 41732 25616 41821 16205 1.180 1.707
104394 00008747 0019 256.75 161.00 41775 25766 41866  161.00 1.194 1.707
107202 00008779 0019 25822 150 95 41817 25016 41911 15094 1.199 1.707
110067 0.0008813 0018 25970 158 87 41857 26067 41954 15887 1204 1.706
112090 00008847 0018 261,19 15779 41898 26219 41998 15779 1.208 1706
115069 00008882 0017 26268 15669 41937 26371 42040 15669 1213 1.706
119008 00008917 0.017 26418 15550 41977 26524 42083 15559 1218 1.705
122105 00008953 0016 26568 154 47 42015 26677 42124 15447 1223 1.705
125263 00008989 0016 267.19 153.33 42052 26832 42165 15333 1227 1705
128482 00009026 0015 26870 15219 42089 26086 42205 15219 1232 1.704
131762 00009064 0015 21023 151.02 42125 27142 4244 15103 1.237 1704
5 135105 00009103 0015 nis 14985 42160 27298 42283 14985 1241 1.704
52 138510 00009142 0014 271328 14866 42194 27455 42321 14866 1.246 1.703
53 141980 00009182 0014 27483 147 46 42220 27613 42359 14746 1251 1.703
54 145515 00009223 0013 276.37 14624 42261 2TI7T1 42395 14624 1.256 1703
55 149116 00009265 0013 21792 14501 42293 27930 42431 14501 1.260 1702
56 152783 00000308 0013 27048 14378 42324 28090 42466 14375 1265 1.702
57 156517  0.0009351 0012 28105 14248 42353 28251 42490 14249 1270 1.702
58 160320 00009396 0012 28262 14119 42381 28413 42532 14120 1275 1701
59 164192 00009441 0012 28420 13089 42400 28575 42564 13989 1.280 1.7
60 168134 00009488 0011 28579 13857 42436 28739 42596 13857 1.284 1.700
61 172147 00009536 0011 28739 137.23 42462 28003 42626 13713 1.289 1700
62 176233 00009585 0011 28899 13588 42485 20068 42654 13586 1.294 1.609
63

64

65

66

67

68

69

ESER55200 280884 REERO8RBNERRBNEE

180360 00009635 0011 29061 13447 42508 29235 42682 13447 1299 1699
184622 00009687 0010 20223 133.07 42530 20402 42709 13307 1304 1698
188929 00009739 0010 20387 13163 42550 20571 42734 13163 1.300 1698
193311 00009794 0010 20551 130.18 42560 20740 42758 13018 1313 1.697
197770 0000985 0.009 207.16 12870 42586 20011 42781 12870 1.318 1697
202307 00009907 0.009 298 83 12719 42602 30083 42802 12719 1323 1696
206924 00009966 0.009 30051 12565 42616 30257 42822 12565 1328 1695
70 211620 00010027 0.009 30219 12409 42628 30431 42840 12408 1333 1.695
n 216397 0001009 0008 30389 12249 42638 30607 42856 12249 1.338 1694
12 21256 00010155 0008 30560 12086 42646 30785 42871 12086 1343 1663
73 226199 00010222 0008 30733 11920 42653 30964 42884 11019 1348 1.693
74 231227 00010291 0008 30907 11749 42656 31145 42804 11749 1353 1.692
75 236340 00010383 0007 31082 1576 42658 31327 42003 11576 1.358 1,601
16 241541 00010437 0007 31259 11398 42657 31511 42000 11398 1.364 1.690
m 246830 00010514 0007 31437 11216 42653 31697 42013 11216 1.369 1689
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°C  kPa m/kg kl/kg ki/kg kJ/kg K
3 ™~ B B peskh gk @b Jepm  Be el Jeeud Bl

252208 00010595 0007 31619 95690 41187 31886 42915 11029 1374 1688
2576.78 00010679 0007 318.02 9368 411.99 32077 42913 10836 1379 1687
263241 00010766 0.006 31986 9226 4121 32269 42000 1064 1.384 1.686
268898 00010857 0006 anmn 90 49 41220 32463 42901 10438 1390 1684
274651 00010953 0006 32350 8867 41227 3266 42891 10231 1.395 1683
280502 00011054 0006 3255 8678 41228 32861 42875 10014 1401 1682
286451 000111590 0006 327 44 8482 41226 33064 42856 972 1406 1.680
202502 00011271 0006 32041 8283 41224 33271 42833 9562 1412 1679
208656 0001138 0005 KX R 80.75 41216 33481 42805 934 1417 1677
304815 00011515 0005 33344 7860 41204 33895 427171 9075 1423 1675
311281 000116490 0005 33551 7633 41184 33914 427131 8817 1.429 1673
317758 00011793 0005 33762 7400 41162 34137 42684 8546 1435 167
324347 00011948 0005 33978 7152 4113 34366 42629 8263 1441 1669
331052 00012116 0004 34200 6895 41095 34601 42565 7964 1447 1.666

337875 000123 0004 34428 66.20 41048 34844 42401 7847 1454 1.663
344822 00012502 0004 346,64 6326 408 90 35005 42404 7309 1460 1660
351805 00012728 0004 34008 6015 40024 35356 42303 6046 1467 1656

350101 00012983 0004 35164 5673 408 36 356.3 42183 6553 1474 1652
366444 00013277 0004 354 34 5299 407 33 35021 42038 6117 1482 1648
373035 00013624 0003 35724 4878 40602 36233 41862 5629 1.490 1642
381583 00014051 0003 360.41 430 40431 36577 41641 5064 1499 1636
380403 0001461 0003 364 03 3796 40199 36972 41348 4377 1510 1627

BERZRFREC8BBITREBR=BIS

100 3074 .24 00015443 0003 368 56 2089 308 45 3147 4001 344 1523 1615
101 405705 00017576 0002 37729 1233 3808 62 38442 39859 1418 1548 1.586
1011 4067 00019523 0002 38322 001 38323 316 39116 0 1566 1.566
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kPa °C m’/kg kl/kg kl/kg kl/kg . K
2 T Vi Vig  Ur U Uy Ay B hy  sp sg Sg

60 3695 00007098 031121 3.798 25032 20912 3.841 22395 22779 0.01634 094807  0.96441
70 3387 00007144 0.26929 7.680 203.20 21088 7.730 22200 22973 0.03267 0.92775  0.96042
80 3113 0.0007185 0.23753 11.15 20130 21246 1121 22025 23146 004711 090999 0.95710
90 2865 00007223 021263 1431 19957 213.88 1437 21865 233.02 0.06008 0.89419  0.95427
100 2637 0.0007259 0.19254 17.21 19798 21519 1728 21716 23444 0.07188 0.87995  0.95183
120 2232 0.0007324 0.16212 2240 19511 21751 2249 21448 236.97 0.09275 0.85503 0.94779
140 1877 00007383 0.14014 2698 19257 21954 27.08 212.08 23916 0.11087 0.83368  0.94456
160 1560 00007437 0.12348 31.09 19027 221.35 31.21 20990 241.11 0.12693 0.81496  0.94190
180 1273 0.0007487 0.11041 3483 188.16 22299 3497 20790 24286 0.14139 0.79826  0.93965
200 10.09 00007533 0.099867 38.28 186.21 22448 3843 20603 24446 0.15457 0.78316  0.93773
240 538 00007620 0083897 4448 18267 22714 44066 202.62 24728 0.17794 075664  0.93458
280 1.25 0.0007699 0.072352 4997 17950 22946 50.18 19954 24972 0.1982%9 0.73381 0.93210
320 246 00007772 0.063604 5492 176.61 23152 5516 196.71 25188 0.21637 0.71369  0.93006
360 582 0.0007841 0.056738 59.44 173.94 23338 5972 194.08 253.81 0.23270 0.69566  0.92836
400 891 0.0007907 0.051201 63.62 171.45 23507 6394 191.62 25555 0.24761 0.67929  0.92691
450 1246 0.0007985 0.045619 6845 16854 23700 6881 18871 25753 0.26465 0.66069  0.92535
500 1571 0.0008059 0.041118 7293 16582 23875 7333 18598 25930 0.28023 0.64377  0.92400
550 18.73 0.0008130 0.037408 77.10 163.25 24035 7754 183.38 26092 0.29461 0.62821 0.92282
600 2155 0.0008199 0.034295 81.02 160.81 241.83 81.51 180.90 26240 0.30799 0.61378  0.92177
650 2420 0.0008266 0.031646 8472 15848 24320 8526 178.51 263.77 032051 0.60030  0.92081
700 2669 00008331 0029361 88.24 15624 24448 BBB82Z 176.21 26503 0.33230 0.58763 0.91994
750 29.06 0.0008395 0.027371 9159 154.08 24567 9222 17398 26620 0.34345 057567 0.91912
800 3131 0.0008458 0.025621 9479 152,00 246.79 9547 171.82 26729 035404 056431  0.91835
850 3345 0.0008520 0.024069 97.87 149.98 24785 9860 16971 26831 0.36413 0.55349 0.91762
900 3551 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 26926 0.37377 0.54315 0.91692
950 3748 0.0008641 0.021438 103.69 146.10 24979 10451 165.64 270.15 0.38301 0.53323 0.91624
1000 3937 0.0008700 0.020313 106.45 14423 250.68 107.32 163.67 27099 039189 052368 091558
1200 4629 0.0008934 0016715 11670 137.11 25381 11777 156.10 27387 042441 048863 091303
1400 5240 0.0009166 0014107 12594 13043 25637 12722 14890 276,12 045315 045734  0.91050
1600 5788 0.0009400 0.012123 134.43 124.04 25847 13593 141.93 277.86 047911 0.42873  0.90784
1800 6287 0.0009639 0.010559 14233 117.83 260.17 14407 13511 279.17 0.50294 0.40204  0.90498
2000 6745 00009886 0009288 149,78 111.73 26151 151.76 12833 28009 052509 037675 0.90184
2500 77.54 00010566 0006936 16699 9647 26345 169.63 111.16 28079 0.57531 031695  0.89226
3000 8616 00011406 0005275 183.04 8022 26326 18646 9263 27909 062118 025776  0.87894
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(V, —V;) = 0.002m3
W =11 x100 x 0.002 = 0.22 kJ
AU=Q—-W =5-0.22=478k]

2 Jua

lavia 3 300 K W laie s ) ada 0 2 ie el sedl (0 0.2 kg (Ao s sin (e () 33
.Eu'u'a.“_g'éjl_)aj'l 4;)33%13‘%%1&;3)5&1%1 ‘SkJJ‘M‘U__-‘IJ "’J._)A-“dim IOOkPa

Q=w+AU

soaY e A
il sad)

O b el yta (g sty JaEN ol o) ja ) U 8 s aaaldl ) Lay

Q= AU =5k

AU=m x Cv X (Tz— Tl)
5=0.2 x0.717 x (T2-300)
T,=3348 K

PiXxVi=mxR XT,

_ 0.2 x0.287 x300

—_ 3
Vi 200 0.1722 m
Vo=V =0.1722 m*
P> xV2 =m xR XT3
T:=300 K )
“\-a;ua PZZmXRxTQ_/Vz
P+ =100 kPa 02 x 0287 x 334.8
Py= = 111.6 kPa
0.1722 ‘
- Aglal) 43 Lal £ oy
Ty Tz
T2=? =l g
P2 =7 Vi= Vs
L LS V) e V) Jlaial aey oMo Aaladll aSi 13
ﬂ _ 2 P, — T2 X Pq _
Ty T, Ty
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P>=111.6 kPa
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3 Jua
8,0 s Aila) &3 <100 kPa b dic 5 50°C 5l Aa )0 dic 2 )L el (e 2 kg 4 ol
ALl 1) Aiad) 5 el Au Guund daitie iy o) Sl Bl Joa of ) ddaicall iy N

o) gad)

o LS 5 pall el 51 o il aaly Sl il S
q=w+t Au
Ll ey Jedll ) l8 s Sl el lazall o) La

#1avl Aty

e da 0505 pda e wagV =V
JEls LS 100 biva 2ie 2V =V,

Viii= 0.001012 m*/kg  from table (2-2)
Vo= 1.6941 m’/kg  from table (2-2)
w = 100x (1.6941-0.001012)

w = 169.3 kl/kg

Au= Uz2-1
U1=Uiig 50°C 3ic g T =T,

U2=Ugas 100 kPa 2= 3 T=T,
Ujig= 209.33 kl/kg from table (2-2)
Ugas= 2505.6 kl/kg from table (2-3)
Au =2505.6 —209.33 =2296.27 kl/kg
q=w+ AU
q=169.3+2296.27 = 2465.57 kl/kg
Q=gx m AN ESPN K]
Q =2465.57 x2=4931.14k]
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q=wtAu
Sl paal) () Ly
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Vlig = 0.00105 m/kg Vgas = 1.1594 m?/kg
Aujig = 466.97 kl/kg Augas = 2519.2 kl/kg
AV =m % (Vgas— Vliq) telall pan A )
AV =0.200 x ( 1.1594-0.00105) = 0.23167 m®
q=w-+Au
q=Au
e i i, i q = (Augas — Auiig)
JbnaLS0 R q=2519.2 -466.97 = 2052 kJ/kg

Q=qxm &5, all s iy

/\ Q=2052.23 x 0.2 = 410.446 kJ
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First Law of Thermodynamics for an Open System
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Ui+1/2xvit+gxz +(PxV)+ Q=Ur +1/x va? + g x 2+ (PxV) + W
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gl s siaal ageia LIAT 1Y) s Al dapay 5,80l el Adlea 4US (S
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(kJ) ds> S oo adlas g5 (b all A8l g 3olall Zdalall A8l & gana (5 b g 63 ) ja (e 3L
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1 1
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Applications of Flow Energy Eq. ¢tual 48 0508 o cliubs 1-2-4-3
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g ) ad) dadasy)

g celall aladinly (558 el Cap€ill QU i ole Cileidiall 22355 ‘Radiators Sladial) )
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1
q= (v Vi) +g(z-z1)+(ha~h) +w
FAolaall (e AN 3 gaaldl Jag ciladidll 4
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0.25 kg/s LﬁjLug elall (3831 Jaza S 13) 5 ) 5al)

(ot Sl Aalal) g - sidal) AUaill A8Ual) Aslas
q=hy—h,
h; = 356.02 kJ/kg
h; = hLitI at 85°C = 356.02 kJ/kg
h, = 272.12 kl/kg
27212 k.l/kg =65°C xc h]_iq = h,
Ah=356.02 -272.12 = 83.9 kl/kg
Q x Al (3335 Jama = 3 ) jal) Jlasil Jaza

Q=mxh
Q =0.25x 83.9=20.975 kW
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q=256.16-425.3 =—169.14 ki/kg
Bl i a8 aUail) o e 40l 5 5LaY) Ja
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174.24 kJ/kg = (-20°C) e hy, =h,

385.28 kl/kg = (-20°C) xie hg,s = hy

q=385.28-174.24 = 211.04 ki/kg
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mi ( h; —h2) =mo (ha — hy)
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b die )l all Jabadl ) 0.06 kg/s Jaee R-134a =l adlal aadiall jlasl) Jany
bl G aie )b Jile I dsaiy 2580 sle () 3)1all 7 )k 2ie 5 <1600 kPa
a Hlaie 3 ) a da j0 2 ,-_'5‘)1_,;]1 Jabaadl ) elall Jany Lain 40°C W ylaia 3 ) ja 4 jas
8l all Jama g o 30U slall Gl ja Jama 3a 5 35°C W ke 5 ) ja da j0 e 7 305 25°C
il e (e da g pdaal)

sl

277.86 kl/kg = 1600 kPa = hy, =hris
256.16 kl/kg = 40°C 2= hyjgcoa = hrou
104.83 kJ/kg = 25°C 2= hw cold =hwin
146.64 kl/kg = 35°C 2= hypet = hw out
0.06 x (277.86 — 256.16) = Myaer(146.64 — 104.83)

_ 0.06 x(277.86-256.16) _ 0.031 kg/s =1.86 kg/mm

Water = (146.64 — 104.83)
ddl, g
fm‘ch_ ___________ X
| > Q =m X (hrin — hrout)
: L o BRI
| lr 3

Q =0.06 x(277.86 —256.16) = 1.302 kJ/s = 1.302 kW

Lg=d B)_ad) JUEEY dga g ¥ daladf LG
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301 28U g 130 ey 1 (5o il Jintll () Ao U ailall S ) 25U 5 i) 28D
b e sall G sl Jad ot 0 Allad) 1) 61 a5l ae Jaladll die ailall A jal) GELL
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Pumps <liaall -z

e Jad Jh s Jle e I (hals 5 5ee o sl (5 flse ad py Slaiaall g
L oS il gudl a8 5 e AUl 5 ) ) Jegd Lo We 5 ¢(12-3) JS&I A (e o LS Jaatl daiadll
O goladl dalall Jlea) aay daiiadll o Jgadl Jadll sy dalal) dabaadl i€y claa 4108
o S A ) A s Jlaa) 5 Jassall 5 dazadl)

Jkg W&hass | W pump— g;x(Zz— Zl)+ U(Pz" P])

il £ 55

9 Jia

5 s da j3 2ie 280 kPa )i al.a.“.j:.u.acs_)ﬁ RN Mi@@y el daian

Gl dlgdl) A i (s e (e 6 m L) o Al e sl 75 A IS 138 30°C

celall A8 pall ddlall SlI3S 5 celall du1a)a)) A8 qa Pt Jaal dsaadl Jasl H")U\ Jadl
ol gad)

Pz . e - - i
:"""w “):l:_i.l’:]a‘)'l_):..“‘t_;_).‘dlu.':
P1 yl | S (2-2) ds2x ¢ 0.001004 mP/kg s dmss
T W

Z>—2Z1=6m
o= sl anall 8 13 ARl 5 ) sl da e o o) L
10 ) Ol slhasia saay g Feuall J8 pLall

L/

v2 = v = 0.001004 = 0.001 m’/kg
P>— P, =280 x1000 = 280000 Pa
W pump™ Q)X(ZZ_ Zl)+ U(P2' Pl)

W pump= 9.81 % (6) + (0.001 x 280000) = 338.86 J/kg
g Bl ad) JUm) of Jndll aga g ¥ dalasi (LIS

Nozzles (B gl (AL -
byl oda o QY (e el 75 A Ao s B2l 4 Qg A giiall LY e sa
de yu 3l Ao Jaad Al g 3 il 2o B eledl QLA ) GlIXS ¢ o] pall QIS jaa A 2986l Sldls
Vs (13-3) JSA (8 e s LS5 A sgum 02508 (S 313 I sl (RGN (e ol 2554
o ) oA JsAe a0 G G5 Aadail) e gl 138 8550 a JE ol Jrd aa
,_W,JLJLQS Dl Gy yall 28Uall Aalee iS55 | ailall A0alS)) A8 (3 puail) Jagy 1A 2al g giusa
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