
,.... ... ....
1'WVl 20 fi'W11f1~ 2553

1"111 215-433, 216-433 Refrigeration and Air-conditioning

2. hJ'El'4rylln1ihJl'i:Uln ~1J'1 ~1't)L'Eln~1J'1lP11 ~~1~'El-.1~'t)1J

3. 't)'t.mJ1ln1~im~i't)-.1~lP1~~"lIL~1~'t)-.1~'El1J'l~.'"

L'J~l 9.00 - 12.00 'W.
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~'El 1) '"l..:l'Elfl'lJ1t1 (~:::LL'W'W~'EltJ'Eltl~::: 3 ~:::LL'W'W r11'VJn~'El)

1.1 1'!Jr.rnJ'r11~':l1~L~'W~H"'WJ':::'lJ1JU11J'El1n1P\iJ~th:::UlVl~:::hih..:l

1.31'!Jr.rnJ'r11~'J1~L~'W"1I'El..:l'El1n1P\ (Air cycle refrigeration system) r11..:11'W'El~.h..:lh?
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1.11 '"l'l1imm:l-J"1Itl'l~1~1 l:i''W~ (range) ll~:; lltlyjt~:i'(,~-n (approach) "1Itl'l cooling tower

1.12 '"l'l1~rJ':l1:l-JVI:l-J1~"1Itl'l l'1'W1Jtln"1l'W1(;\ (Nominal tonnage) "1Itl'l cooling tower

"1.13 '"l'l1Mjm:l-J"1Itl'l~1l9itlhlil (4 rJ:;ll'W'W)

-COP

- chp

- EER

- Hp/Ton

" "
1.14. Evaporator '&'l1:l-J1:i'mliJ'IiJ:i':;lJn1l?l1:l-J%n1nl~mJ1~'WVI~tl~'W1~n"llU(;\~tltl:;hih'l
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1.16 Expansion valve :J..J~'WTV1!l:; b:i'1J1-.:l

1.171ihJ!ln"1lU~"lJ!l-.:l Expansion valve :J..J1 4 "1lU~

1...

2 ..

3 .

4...

, " ,
1.18 Filter driers n~iJ.1Vl!l:;1:rbb\:'l:;~n~:;~~r?1-.:lVl~1bbw...i-.:l1~1'W:i':;uuufumn1Pl

, " ,
1.20 Sight Glass n~iJ.1Vl!l:;1:rbb\:'l:;~n~:;~~r?1-.:lVl~1bbW\.,k1~1'W:i':;uuufumn1Pl

, " ,
1.21 Suction Accumulator n~iJ.1Vl!l:;1:rbb\:'l:;~n~:;~~l?i-JVl~~lbbww-.:l1~1'W:i':;uu1J~1Jmn1Pl
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, " ,
1.22 Receiver i1'V1ihV1'El::;hbb~::;~n'"l::;&i '"~'1V1 ~1 u'VIt.l'l1~11'W~::;1J1J,Jf1J'El1m fll

, " "
1.23 '"l'l~tN~I(?)1J~lbb'VIt.l'lV1&i"'~'1'elUn~ru(;]'Ellul1 expansion valve, service valve, receiver, Sight

Glass, Filter driers '"lIn Condenser lU'VI1 Evaporator

Condenser. .

..... .evaporator
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~'fl 2) J'::;1J1n11 rl'J1:W LiJ"'WmJ1J'fl(;l'1'fl"1lU(;l~'fl'li'W'L(;lui1~ wnJ'LiJLJ'l j;]'flf~'fl,II;r'J ~'11ojj~1J'r11 rl'J1:W LiJ"'W R-1 2 ;'1J'1J

'lJ

~LL'JiJ'LiJLJ'Lj;]'flf"ll'W1(;l 40 j;]'Wrl'J1:WLiJ"'W LL~::; Flash tank r11'11'W~m1:W;'W 80 psia ~LL'JiJ'LiJLJ'Lj;]'flf"ll'W1(;l 20 j;]'W

rl'J1:W LiJ"'W r11'11'W~ rl'J1:W;'W 32 psia Vl1nn1J''fl(;l '1'fl"ll'fl'l rl'fl:W L'Vl J'~ L"ll'flfLu'WLL1J1J Isentropic 'L(;lt.! Flash tank
, "

'1~f1Jn1J'~:W'il'W'J'W'fl£.h'l~ LL~::;rl'fl'WL(;l'WL"ll'flfr11'11'WYlrl'J1:W;'W 140 psia fOl'lL~U'W P-h diagram "lI'fl'lJ'::;1J1JU LL~::;

"
fOl'l '\!I1 ri1~'fl '1iJu

1) 'flj;]nn1J''1'\!1~"lI'fl'l~1J'r11rl'J1:WLiJ"'W~rl'fl:WL'VlJ'~L"ll'flf A LL~::; B

2) Theoretical piston displacement

3) Compressor power
,

4) rl'J1:W~'fl'WYlJ'::;1J1U'fl'flnfOl1nrl'fl'WL(;l'WL"ll'fl f

5) COP "1I'fl'lJ'::;1J1J

Condense'

3,

4,

t

Evaporator A

1--..--; 40 tons

E.V.

5

2

'-----t--------j 20 to",

E.V. EVilporator 8

8
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Thermodynamic properties of Freon-12
(properties of saturated liquid and saturated vapor)

PllDSURE VOLUME DENSITY ENTHALPY ENTROPY
TEMP. .fI/1l III/_ fI III/III 1tI/<IIXo I) TEMP.

eF
PIIA PSIS

UQUID 'APOR LIQUID 'APOR LIQUID LATENT 'APOR LIQUID . 'APOI eFVI v. J /vl J Iv, hI hI' h. SI s.
10 29.335 1'.639 0.011160 1.3241 89.606 0.755~3 10.684 67.651 78.335 0.023954 0.16798 10
11 29.932 15.236 0.011173 1.2992 89.499 0.76972 10.~1 67.539 78.440 0.024413 0.167~ 11
12 30.539 15.843 0.011187 1.2748 89.392 0.78443 11.118 67.428 78.546 0.024871 0.16182 1213 31.155 16.459 0.011200 1.2510 89.285 0.79935 11.336 67.315 78.651 0.025329 0.16774 13
14 31.780 17.084 0.011214 1.2278 89.178 0.81449 11.554 67.203 78.757 0.025786 0.16765 14
15 32.415 17.719 0.011227 1.2050 89.070 0.82986 11.771 67.~ 78.861 0.026243 0.16758 15

65 71477 61711 0.012000 0.51642 83.335 1.9364 22.905 60.982 83.887 0.048336 0.16456 65
66 79.729 65.033 0.012017 0.50848 83.212 1.9666 23.133 60.849 83.982· 0.048765 0.16451 66
67 ••• 66.300 0.012035 0.50070 83.089 1.9972 23.362 60.715 84.077 0.049195 0.16447 67
68 82.219 67.583 0.012053 0.49305 82.965 2.0282 23.591 60.580 84.171 0.049624 0.16442 68
69 13.576 6UIO 0.012071 0.48555 82.841 2.0595 23.821 60.445 84.266 0.050053 0.16438 69

70 84•• 70.192 0.012089 0,47818 82.717 2.0913 24.050 60.309 84.359 0.05CM82 0.16434 70
100 131.86 117.16 0.012693 0.30794 78.785 3.2474 31.100 55.929 87.029 0.063227 0.16315 100
101 133.70 119.00 0.012715 0.30362 78.647 3.2936 31.341 55.772 87.113 0.063649 0.16312 101
102' 135.56 120.86 0.012738 0.29937 78.508 3.3404 31.583 55.613 87.196 0.064072 0.16308 102
103 137.44 122.74 0.012760 0.29518 78.368 3.3877 31.824 55.454 87.278 0.064494 0.16304 103
104 139.33 124.63 0.012783 0.29106 78.228 3.4357 32.067 55.293 87.360 0.064916 0.16301 104

105 14l..25 126.55 0.012806 0.28701 78.088 3.4842 32.310 55.132 87.442 0.065339 0.16297 105
106 143.18 128.48 0.012829 0.28303 77.946 3.5333 32.553 54.970 87.523 0.065761 P.16293 106
107 145.13 130.43 0.012853 0.27910 77.804 . 3.5829 32.797 54.807 87.604 0.066184 . U629Q 107
108 147.11 132.41 0.012876 0.27524 77.662 3.6332 33.041 . 54.643' 87.684 0.066606 O.I6286 108
109 149.10 134.40 0.012900 0.27143 77.519 3.6841 33.286 54.478 87.764 0.067028 0.16282 109



Thermodynamic properties of Freon-12

Abe. Preeaure 32 Ib/iu.1 Aba. Pressure 80 Ib/in.1 Abe. Prees. 140Ibfiin.1
Gage Preasure 17.3 Ib/iD. 1

(Sat. Temp. 14.4 F)
Gage Pressure 65.3 Ib/in.1 Oaae Prees. 1215.3 b/in.'

(Sat. Temp. 66.2 F) (Sat. Temp. 104:.4 F)

(1 ••198) (78.79~) (O.1676~) 111 II • (0.'8984) (87.M9) (0.16'99)

.
a ....... .. .......... .. ........... (0.60680) (84.00~) (0.16-'60) .............. .. ............

0.2964:8 88.4:48
.. ............

.. .. .. .. .. ..
'79:63~

............. O.IM86
1.2387 0.161»39 .3OMt 10.297 .16808
1.2717 81.123

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .............. .31513 92.120.17246 .17120
1.3042 82.616 .17548 .. .. .. .. .. .. .. .. .. .. .. .. .. ..

.324:45 13.923 .17423..............

1.3363
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .............. 0.33350 95.709

M.113 0.17M5 0.51269 84:.640 0.16571 0.17718

1.3681 85.616 .18137 .52795 86.316 .16885 .34232 97.483 .18007

1.3995 87.124 .18424 .54281 87.981 .17190 .35095 99.247 .18289

1.4306 88.639 .18707
.35939 101.003 .18566

1.4615 90.161 .18987 0.55734 89.640 0.17489 .36769 102.7M .18838
.57158 91.294 .17782

1.4921 91.690 0.19263 .58556 92.945 .18070 0.375M 104:.601 0.19104:

1.5225 93.227 .19535 .59931 94.594 ~18352
.38387 106.245 .19367

1.5528 94.771 .19803. .61286 96.242 .18629 .39179 107.987 .19625

1.5828 96.323 .20069
.3gg61 109.728 .19879

0.62623 97.891 0.18102 .40734 111.470 .20130
1.6127 97.883 .20331 .63943 99.542 .19170

1.6425 99.451
.65250 101.195 .19435 0.4:1499 113.212 0.20377

0.20590 .66543 102.851 .19696 .42257 114.956 .20621
1.6721 101.027 .20M7 .67824 104:.511 .19953 .43008 116.701 .20862
1.7017 102.611 .21100 .43753 118.449 .21100
1.7311 104.204 .21351 0.690915 106.174 0.20207 .44:492 120.199 .21335
1.7604 105.805 .21600 .70356 107.Ml .20458

.71609 109.513 .20706 0.45226 121.953 0.21567
1.7896 107.414 0.21M5 .72853 111.190 .20951 .45955 123.709 .21797

1.8187 109.031 .22089 .74090 112.872 .21113 .4:6680 125.470 .22024

I.M78 110.656 .22330
.47400 121.233 .22249

1.8768 112.289 .22568 O.76Z20 114.659 0.21432 .48117 129.001 .22471

1.9057 113.930 .22804 .76644 116.251 .21669
•.77762 117.94:9 .21903 0.48831 130.773 0.22692

1.9346 115.579 0.23038 .78975 119.652 .221315 .49541 132.548 .22910

1.9634 117.235 .23270 .80183 121.861 .22364 .50248 134.328 .23125

1.9922 118.900 .23500
.50953 136.112 .23339

2.0209 120.572 .23727
0.81386 128.075 0.22592 .51654 137.901 .23551

.82686 124.795 .22817
2.0495 122.251 .23953 .83781 126.521 .23039 .. .. .. .. .. .. .. .............. .. ............

.84973 128.253 •23260 .. .. .. .. .. .. .. .............. ...... 10 •• "

.86161 129.990 •23479
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;'el 3. t::lJlJl11m1~b~'W~1'V1flJh.:J~1'W'el1'V11tm::tJ'el~Viibb'el~'L~bnmll'W'Cl1tvh~1'W ~~bb'Cl(M't'Wt1J bb'el~'L~btjm'VI~'J..
~~l'l'J'el'elntOnnl"l'el'Wbl1l'Wb"1l'elf~m1~~'W 200 psia e.J1'W expansion valve b;1~«~LbYl~[;I~nl"l'J1~~'W~~l'l'J 40 psia

"1J'el~b'VI~'JlJ1~~'J'W'"l1n«~d Qn,j~L;1Ll"li'el~l11tf1bU'W 'Ll1Iml"li'el~l11'f1b~'Wnl"l'J1~'Cl1~1trll11l"l'J1~LU'W QL1 = 50 l'1'W

l"l'J1~ bU'W 1'elLb'el~ 'L~ btjtl~~ l'l'J~'el'eln'"l1 n bl"li'el~l11tf1 L~'W1'VI~ mflJ~«, ~n bb'el~'L~btjtl b'VI~'J~~ l'1'J~n~'J'W't'W«~~n1'VI~ e.J1'W

expansion valve '"l'Wnl"l'J1~~'W 17 psia b;1~~bL'J1J'L1JLtb[;l'elf"1J'el~~'il~b~'W~~nm1~'Cl1~1trll11m1~b~'W QL2 =70 l'l'W

l"l'J1~ bU'W 1'el bb'il~ 'L~ btjtl~~l'1'J'"l1n~ bb'J,J'L1J btb[;l'ilfrl nrer(;l~'Jtl l"l'il~ bY, t'Cl b8Jl'ilfl'l'J~ b;1~ l"l'il'Wbl1l'Wb8Jl'ilf t'J~rilJ1'il.. ..

,
11 I .o::::lo 11

l"l'J1~t'el'Wmtlb'Vl'"l1n'Cl~LL'JI1I~'el~ '"l~'VI1

2.1) rer[;lt1n1t1'V1~"1J'el~LL'il~'L~Ltjtl~eJ1'Wl"l'el~b'Vit'Clb8Jl'ilfl'1'J~ 1 l'l'J~ 2 bb~::bl"li'il~l11tf1b~'W

2.2) tl1 ~~~'t-iiilJ l"l'il~L'Vi t'Cl L8Jl'il fi"~ 'Cl'el~ Ll"li'el~

2.3) COP "1J'el~t::lJlJ(hj~'el~~1il~~~ri1~~"1J'il~,j~)

QL1--+---L...- - ....

. ..
4 0 0 cs

lfl1a'l'JI1UlltlU

8
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0Jl'fl-~f1'Gl J''\.Hll'Wn m~1 In'fl'W ~'W111
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LL'Gl mtJ~tJ'W~(:I1:J.J'f'fl'Wil '"l:;Vi1~iJ1Yi1 'W n1J'L~:J.J~ ru~JJn"1l!l'l1!l~:J.J (;]'Jii!l!ln"l1n~ LL':ltJ1tJ LJ'Lln!l~Yi ~'J1:J.J 1?l'W 50 psia '"l'Wil

~ru~JJn 40°F t(?ltJn1J'H~1J'Vi1~'J1:J.JLii'WL~'Gl'J~:J.J1'"l1n~!l'WL(?l'WL"ll'flf~~'J1:J.J1?l'W 200 psia mn nJ':;tJ'J'Wn1J''fl(?l(;]'J LU'W
" ..

LLtJtJ1'flL"ll'W1'mtJ~ 1Ol'l~1~11?i!l1tJil Compressor work (Btu/min-tor), ~1l:J.JtJJ':;~'VJfi~:J.JJ'J'()'W:; (COP) "1I'fl'lJ':;1JtJ, LL'Gl:;

1Ol'l~1~1(;\1'l1 ~1'l~'W ~1nJ':;tJtJVi1~'J1:J.JLii'WhJih~i'fl'l us mtJ~tJ'W~:l1:J.J'f!l'W

3 condenser

6

)----:-_-/ evaporator
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