£y} -
T1anN1TaINaN

a1 ins

s
B - a w ' é
AR FUTLAATU WArlTEld3s @TNEN2TANT. UTEHIanguaIsuwIuATW UL

3 | 1 [ daa
u3TW_1-6. NIL {, FUNWNWRALTINNNT, 2535

PN e £y 4 PN
L qwzﬁ?wqu, by 1t ¥ nauuunasuau azwI -

-4 . . j G ) S - - d
28ULWANT [ Llasua2anTau, Inauwusy I

AN ILUNR ‘\g\\«ﬂaa ﬂﬂ1a4n1mun10naw—
Quwa q?ﬂaﬂa, "n \\Q -nawuwuuﬂsquuwnumnm
3% aqﬂ1munﬁ1naﬂaa, 2526.
wia ANFOIWTW UL & HMAENAN D 1nuskn1aquantﬂaﬂuadﬂu
v £ '-:' . ‘ 's ) .
Fauwuudntadl WAL NWALAATRINTUAUIMADAR Y ,
- 6’ - s ¥ . CY Y o
"InanliwundIngatadb n1ad: T5uLAd, LuneInads -
aen:mu»if*“'
i

< i - < <
1581 nautnadawei, 1Erustn1aquantﬂaauﬂawu

1auuuu3n1qﬂ amnnumﬂ, QLﬂquwuﬁﬂ1mmﬁuuﬂnmnm F111381

B e

Juds  Tauaau "ﬂu11nuunaian1ﬂﬂuun ARTUINRT, anaﬂuwuﬁﬁimmﬂ
ammﬁﬁ%mwwmq B Bt
azl, 2530

'4 EY)
- - o 4 B s
7% ¥1ITNDAU URET UWANAUA Wiy, n1TllavnuuTTaIn diuTaltuasian,

- & 4 - ar
T1qwuw3ﬁ1aen1muﬂﬂ1na1aa, 2533.



172

P - [ 4
faumew g, "nrTdIeintuiduasntrTnasauduTsausnavantuil,

o)
Peld
8
=a

T8I quqaugunﬁ135au1stnnﬂqnwaﬁﬂnﬂ1, drUNIIUANE
ATTUNNITIIAUNNER, 2526.

03 WiBastdam, " nw1ﬁnuﬂt3adﬁuduj1nusuaan1ﬁ¥ﬁqunuiﬂaaqnaq
dntud, " AnaafwusyIggramaiinfa  atadraidanTIniedl, dune-

- £ - s
Inanls WIRINTANNIINGIAE, 2526.

{ ' I's
B s aintudd, " InaqtiwurdIggaana-
‘ ar 4 - o

T gas 3ﬁ1avn1munﬁ1naﬂaa,

- - ar 4 " . ¥
QQumﬁ URIUNT, "N17371823

- S <
UunNe A1A18172

ATHIDINOH
Arthur, P. F.s5 2 ed., John Wiley

& Sons, New ]
: (2N

ASHRAE., ASHRAE hanf-o-;,jﬁﬁi; andbook", 1985.
——, ASHRAE Handbook. “,»_;,.-_,w’ 1985
r = T T METEN PR T

‘ﬂ u\'

CHANGER%a At '13 Society of Heating,

Refrlgeragang, and A1r Condition Engineers, Inc.,

wﬂuﬂﬂﬂﬂﬂ‘i?ﬂﬁlﬂﬂ‘i

Bertoni, G., Kosnlk M., gnd McDonald TiW G "Performance of

QAP BRAN TB7 Grbssncer.

ASHRAE Transactions, 91, Pt.2A, pp. 209-215 1985.

Bilegan, I. C., and D. Fetcu, "Performance Characteristics

of Gravity-Assisted Aluminuim Extruded Heat Pipes,

th

8 IHPC, pp. 89-94, 1983.



173
Busse, C. A., and J. E. Kemme, "Dry-out phenomena in gravity

-assist heat pipes with capillary flow," Int. J. Heat

Mass Transfer., 23, 643-654, 1980.

casaraza, C., and E. Latrofa, "The geyser effects in a two-

phase thermosyphon,"” Int. J. Heat Mass Transfer,

26, 933-941, 1983.

chaudourne, S., "Modeliz optimization of heat pipe

heat exchanger 53-58, 1983.
— —-g-ii i
Chen; J. S.,:6: Re " Reflux condensation

in two-p " Int. J. Heat Mass

Transfery
Chen, K. S., and AL l t,e analysis of two
-phase n t1i0 " Int. J. Heat Mass

Transfer, VOlJ 3 = \\ -940, 1988.

-ansfer characteristics

Cheng, K.:C., Vand

of a clpsed— hermosyphon system for

solar G—T“"—‘“:" pp. 25-33,
1983. ' m
Chi, #8: W, Heat e Theory » d Practice: A Source book,
Hemﬂ%ﬂwrﬂgmwmﬂ@smm
Chisholn, D., The Heat Pipe, Mill a Boon, on, 1971.

. AR IHARIINGY B s

U S. Pat. 4,607,498, 1986.

Doughty, C., and K. Pruess, "A semianalytical solution: for
heat pipe effects near high-level nuclear waste
packages buried in partially saturated geological

media,” Int. J. Mass Transfer, 31, 79-90, 1988.




174
Dunn, P., D. A. Reay, "Heat Pipes", Pergamon Press, Great
Britain, 27° ed., 19%8.
Gaugler, R. S., "Heat Transfer Devices," U.S. Pat 2,350,348,
1944,
Gersey, Co., Skepiro, H..N..  Pate, N . B.: "Gravit.y—Aésist.ed

heat pipes using micro-fin tubes for Applications in

ASHRAE Transactions, 986,

Groll, M., and permal Behaviour of High

L T My W
Performa wo-Phas&wThernosyphons, "5°

Grover, [ G. M., ion Heat Transfer

Device, : _ 19, 758 83
Hahne, E., and U. of the Inclination
Angle on 1 Bex{ori > "of a Close Two-phase

Thermosyphon, " & 125-136, 1983.

et

Hart, J. E., " ’t?—'-”=-7-7‘-'=7~‘-"'_----—-~?—"ﬁ-w@ Loop Thermosyphon,

= o

Ll ¢, A J:m s . 27, No.1, pp. 25
W :
-136, 1984,

wang. 5. off W) TN SRR A Gaatssis tor neas

p1pe heat exchan@ers, ¢ Int. J. Heat Ma.ss Transfer,

IRFRADTURNING1A Y

Imura, H., K. Sasaguchi, and H. Kozai, "Critical heat flux in

a closed two-phase thermosyphon, " Int.J. Heat Mass

Transfer., 26, 1181-1188, 1983.



178
Lapkiny BB Turpbuld; F09EL ,"8hd ""Gowe, R. S., 1975..
"Thermosiphon Heat Exchanger for use in Animal

Shelters," Can,Agric. Eng., 17:2 pp.85-89, Dec.

Lee, Y., and A. Bedrossian, "The characteristics of heat
exchangers using heat pipe or thermosyphons, "ot .
J. Heat Mass Transfer,_21, 221-229, 1987.

s ,y nalysis of heatexchangers

aseé thermosyphones, " _S_th

, 1383

».:and B R:€l§

using finned
——

IHPC, pp. ——

‘QS:?M. ress in heat pipe

Luikov, A. V.5 & A4S 1is ]

%

\\ gy, "Int. J. Hest
AN

closed ther for heat storage system,"”

|
-y
]

and poro

Mass Transg

use of two-phase

Kim, K. H., and

5°" IHPC, pp

Kobayashi, K., T. Yamas ‘and K. Nagata, "Heat

Transfe cm---at w-n-u‘--‘_---ﬁf-iﬁ--;-}:-, Clos ed Thermosy_
y'

5 , ik

Krishnan, K. N., aqﬂ K. S Rao,‘JAna1y51s and heat pipe heat

4 QLY R o

Mathur, G.D. "Indlrect Evaporative oollng ugiing Two-Phase

am@p\a»ﬂ@mauwmy N8k rraee

1ons, 96, Pt.1, pp. 1241-1244, 1990.

phon, "

, and McDonald., T.W., "Evaporator Performance of
Finned Air-to-Air Two-Phase Thermosiphon Loop Heat

Exchangers, " ASHRAE Transactions, 93, pt.2, pp. 247

~25T .+, 2987,



176
» "Evaporator Performance of Two-Phase Thermosiphon
Loop Heat Exchangers Under Constant Heat Flux

Boudary Conditions," ASHRAE Transactions, 94, Pt.1,

pp. 404-411, 1988.
,"Simulation Program for a Two-Phase Thermosiphon-

Loop Heat Exchanger," ASHRAE Transactions, 92, Pt.2,

pp. 473-485, ' 5
-, Ge, D., ' &' "Hysteresis in Two

-Phase The Exchangers," ASHRAE -

Transacti 81, 1987.

Mertol, Aus T Detailed loop model
(DLM) anad f p f;§  id, ar' thermosiphons with

heat exca nt Hesz ass Transfer., 27,367

-386, 1981

Negishi, K., and T. ransfer performance of an

inclined tWO-&a;;iJ_ *-rmosyphon," Int.J. Heat

Mass T C,.:.-_-T—";—-‘_--z;:;:.w 3.
s A A
Ozisik, M. N., Hedt -iﬂﬂ, 1985.
Prenger, C. F., "Pgrformance L1 its of Gravity-Assisted Heat

Plpﬂ 4 ELY) &Wﬁ ABINTI

5 and . E. Kenne, "Perform ce 11m1t of Gravity-
AHANE) T U N Broctaron.

en _IHPC, pp. 137-146, 1983.
Ramos, E., M. Sen, and C. Trevino, "A Steady-state anélysis
for variable area one- and two-phase thermosyphon

loops,"” Int. J. Heat Mass Transfer, Vol. 28, No. 9,

pp. 1711-1719, 1985.



177
Raza, S., and McDonald, T.W., "Effect of Unequal Evaporator
Heating and Charge Distribution on the Performance

of a two-Phase Thermosiphon Loop Heat Exchanger,"

ASHRAE Transactions, 90,__ Pt, 24, pp.431-440, 1984.
Scofield, C.M., "The Heat Pipe used for Dry Evaporative Cool-

ing," ASHRAE Transact,ions, 92, PtL.2A, pp. 371-381,

/@on a heat pipe," Int.

J. Heat - 2%1003-1013, 1980.

1986.

Shibayama, S., and S®

Shimizu, Y., and of snigle liquid

in ari : _ elevated pressures:
experiments | ! . v- tance and R 113 drops
in water, .ﬁ,\& Transfer., 31, pp. 1843

-1851, 1988 >
Shiraishi, M., K. ‘amanishi, "Investigation
of Heat Transfe ”__, tics of a Two-Phase Clos-
ed | '5-104, 1983.
Stauder, F.A., xﬁrimental Study of a

Two-Phase }hermoswhon Loop Heat Exchanger, "ASHRAE

—ﬂﬂ%ﬂ—fﬂ PG WHATG 1o

Sun, K. s d G L Tlen‘ "Therma&performan&; characteris-

ama»aaﬂ e A NN B nerer.. 1.
63 380, 1987.

Terrestrial Applications Technology Utilization Division.

Heat pipe Assisted Air Conditioning. NASA Applica-

tions Engineering Program , NASA Headquaters , Wash-

ington, D.C. —.



178

Tien, C. L., and A. R. Rohani, "Analysis of the effects of
vapor pressure drop on heat pipe performance," Int.

J. Heat Mass Transfer., 17, 61-67, 1974.

vasilvev, L. L., "Low-temperature heat pipes," §“‘ IHPC,

pp. 2-10, 1983.

AULINENINYINg
AN TUNNINGA Y



ANNNUIN N

' < - ' <
NUALUTHULNAURALATIANNR 1N

9. Heat transfer coefficient
-1 Buu/(h-R?-°F) = 5.677 W/(m’-°C)
1 Btu/(h - fi2.°F) = 5.677 x 1074 W/(cm’ (i & |
1 W/(m?-°C) = 0.1761 Btu/(h-ft*-°F)
1 Btu/(h-h’-’l’-') = 4.882 kcal/(h-m’-‘C)

Length
1A=10"%cm

| ‘ 10.
égb:mmm

] ym = 107*cm

— m = 1076 m

Nin =254cm
— in=254x10"*m

t = 0.3048 m

1. Acceleration
1 ft/s* = 0.3048 m/s*
1 m/s* = 3.2808 ft/s?

2. Area
1in? = 6.4516 cm?
lin? = 64516 x 10™*m?
1 ft* = 929 cm?
1 ft? = 0.0929 m?
I m? = 10.764 ft?

3. Density c/
1 Ib/in® = 27.680 g/

1 Ibjin® = 27.680 x 10°
1 1b/ft® = 16.019 kg/m

1 kg/m® = 0.06243 Ib/nt* = 3&(8)28 3¢ftlm
i3 o 1 = .
1 slug/ft 51538k L% Tion

1 Ib-mol/ft> = 16. -
1 kg-mol/m® = 0.0624 1 light year = 9.46 x 10" m
ass
=2835g
11b=160z

1b = 453.6 g

4. Diffusivity (heat,
l'l'l’/s = 0.0929 m%/s
1 ft*/h = 0.2581 cm?/;

1 ft?/h = 0.2581 x b = 0.4536 kg
1 m¥/s = 10.7639 ft’/s 1 kg = 22046 1b
1 cm?/s = 3.8745 ft’/h 1g=15432¢

1 slug = 32.1739 1b

1 t (metric) = 1000 kg

1 t (metric) = 2205 1b -
1 ton (short) = 2000 ib
1 ton (long) = 2240 lb

5. Energy. heat, power

" 1J=1W-s=1Nm
1J=10"erg
1 Btu = 1055.04 J
| Btu = 1055.04 Wi s

1 Btu = 105504l Messiflux
e o _lbemol/(ft*-h)
Forlin T_J1.3563 x 10~ kg-mol/(m?s)

" 1 Btu = 0.252 z
e i g-mol/(m?-s) = 737.31b- mol/(ft? - h)

| By = 778.161 ft- ) I
| Bu/h = 0.2931 . { Ib/(it?-h) = 1.3563 x 107> kg/(m’+s)
1 Buu/h = 0.2931 x 107> kW 1 Ib/(ft?-s) = 4.882 kg/(m?-s)

1 kg/(m?-s) = 7373 Ib/(t*-h)

1 Btu/h = 3.93 x 107*#ip | kg/(m?-s) = 0.2048 Ib/(ft?-s)

SRV UN TN Y8,

1 hp = S5Q.t-1bf/s | N = 0.22481 Ibf
1 hp = 745.7 W = 7457 N-m/s 4 I N = 7.233
1 1 e =10°
WIRIDIUUNTINES
Heat capacity, heat it' mass, s b =
thm s 1 1bf = 4.4482 kg-m/s*
1 1bf = 32.1739 pdl

| Buy/(h-°F) = 0.5274 W/°C : 1 %
1 W/°C = 1.8961 Btu/(h-°F} 11bfjin® = 1 psi = @:_JLWL“_
1 Buu/lb = 23259 J/kg 1 bRt = 47.880 N/m

1 Btu/lb = 2.3259 kJ/kg 1 bar = 10° N/m? = 10° Pa

1 Btu/(lb - °F) = 4186.69 J/(kg - °C) 1 atm = 14.696 Ibl'/in:
1 Btu/(Ib-°F) = 4.18669 kJ/(kg-°C) 1 atm = 21162 Ibf/ft
[or J/(g-°C)] 1 atm = 1.0132 x 10° N/m?
1 Btu/(lb-°F) = 1 cal/(g-°C) =1 keal/(kg-°C) 1 atm = 1.0132 bar
1 | Pa =1N/m?
. 7. Heat flux :
* 1 Btu/(h-ft?) = 3.1537 W/m? 14. Specific heat

. 1Btu/(h-ft®) = 3.1537 x 107> kW/m?

| Btu/(Ib-°F) = 1kcal /(kg-°C) = 1 cal/(g-°C)
1 W/m? = 031709 Btu/(h-ft%) :

1 Btu/(Ib-°F) = 4186.69 J,(kg-°C)
[or W-s/(kg-°C)]

8 Heat generation rate : ‘ 1 Buu/(1b-°F) = 4.18669 J.(g-K)
- 1Bu(hf) = 1035 Wm® 2t [lo\:'/(\:l- 512_,(:)] =~
I Buu/(h-ft) = 8.9 keal/(h-m) : 1 J/(g-°C) = 0.23885 Buu;(1b-°F)

1 W/m® = 0.0966 Btu/(h-ft>)  [cal/(g-°C) or keal/(kg-°C)]



15. Speed 19. Thermal resistance
1ft)s = 03048 m/s 1 h-°F/Btu = 1.896°C/W
| m/s = 3.2808 ft;'s 1°C/W = 0.528 h-‘F/B:u
Imi/h = 1.4667 ft/s e
Imi/h = 0.44704 m/s 20. Viscosity
: 1P =1g/(cm-s)
16. Surface tension 1P =10%cP
1 Ibf/ft = 14.5937 N/m 1 P = 2419 Ib/(ft-h)
17. Temperature 1 Ib/(ft-s) = 1.4882 kg/(m-s)
1K =18°R 11b/(ft-s) = 14.882 P

18. Thermal conductivity

T(°F) = 1.8(K — 273) + 32

T(K) = I—'E(vp — e

g o, ! °R —
T(°C) = ﬁ( R - 492)
AT(°C) = AT(°F)/1.8

1 Btu/(h-ft-°F) = 1.7303 ¥
1 Btu/(h-ft-°F) = 1.7303
1 Btu/(h-ft-°F) = 0.4132 cal
1 W/(m-°C) = 0.5779 B
I W/(cm-°C) = 57.79 B

Constants

J = mechanical eq

A = gas constant

= gravitational accelerati;

1 1b/(ft-s) = 1488.2 cP

11b/(ft-h) = 0.4134 x 107> kg/(m-s)
11b(ft-h) = 04134 x 10" P

1 Ib/(ft-h) = 0.4134 cP

1. Volume
lm’ 16.387 cm?

: i cm? = 0.06102 in®
— iz (U.S. fluid) = 29 573 cm?

= 0.0283168 m*

2 [1° = 28.3168 liters

= 7.4805 gal (U.S.)

- 35.315 ft®

.) = 3.7854 liters
S) = 3.7854 x 10°?
5.) = 0.13368 ft®

] ol-K) ’
= 8.314 N:mj(g-mol-K)
= 8314 N. m/(kg mol K)
= 1.987al)
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METHANOL

Latent Liquid Vapour Liquid Liquid Vapour Vapour Vapour Liquid

182

ki Heat Density Density Thermal Viscos. Viscos. Press. Specific Surface

Heat Tension

°¢ |ki/kg kg/m>  Px102  Bar kJ/kg’C N/mx10°
-50 | 1194  8u3.5 L9t ROS0N s 190 3.26
-30 | 1187 0302 1,27 2.95
-10 | 1182 0.04  1.3u 2.63
10 | 1175 0,107 1.40 2.36
30 | 1155 0955 - Tunu7 2.18
501 1125 0555 ~L.58 2.01
70 | 1085 B p Ity 179 1.85
90 | 1035 2.69 1.79 1.66
110 | 980 §.98 . “1.92 1.46
130 | 920 B gl 1.25
150 850 8.94 1.92 1.04

% RN
kJ/kg'C N/mx10

FHO

20
40
60
80
| 100
1 120.
140

EiRinani Buaedag -

60L0- 003 ‘.200 0.800 &% 0.68 O 3.10

§52,0:" . 7900 064 0,181 10,323 0.82 0.27 2.16 2.37
536.0 ' 768.0 - ..1,05 0.175  0.269 0.86 0.60 2.22 2.12
517.0 744.0 2,37 0.168 0.226 Q90 GILIS e 2028, 1.86
495.0 719.0 4,30 0.160 0.192 085657 2,15 2.34 1.62
472.0 689.6 6.94% 0.148 0.170 0.98  4.u43 2.39 1.34
89671 " 680,37 '31.02:°50,135 - 0,148 0896570 2.45 1.07

39u.4. . 63118 18,61 0,126 10,132 1.03 10.49 2.50 0.81




FREON 11

Temp.| Latent Liquid Vapour Liquid Liquid Vapour Vapour Vapour Liquid
Heat Density Density Thermal Viscos. Viscos. Press. Specific Surface
~ Conduc- Heat Tension
tivi > :
% |ki/xg kg/m®  kg/mS -w/mgi @ cPx102 Bar ki/kg®C N/mx102
-60 | 211.9 1672 0.04 0.86 0.02' 0.476 2.95
-40 | 204.0 1622 0.0u4 0.88 0.05 0.u497 2.70
-20 | 196.8 1578 0.16 0.516 2.40
.0 ]190.0 1533 0.u42 0.532 2.18
20 |183.4 1487 0.93 0.546 1.92
40 |175.6 " X482 0.561 1.66
60 |167.5 3.1 0.578 1.450
80 |159.0 5.85 0.590 1.14
100 |146.9 9.53 0.607 0.30
120 |1l3y.4 321 0.623 0.63
140 }117.0 0.6u46 0.37
ace Tension
v—_:’-f
£ S
jj —oe— 5.8
¢ —20 . 15.0%
> .2
Rr-3 e 8
i I8 g
AUYINENINEIANT
ql 0 ' 9.9
8.3
| s M - /)
FRIRNTRUYNIINYA
q ; 40 “ 2

50
60
70
80
90

96.15

4.1
2.9
1.9
0.9
0.2

0.0

183



VlSCOSlty 0 Viscosity of Va

Liquid R at 1 atm R-2
Temperature Viscosity
. 10¢ 74
(6] P
—100 1.051
— 90 l.gGG
1.092
— 80 1.12s
- 70
. 1.164
s 1.208
1.253
1.276
=50 1.300
— 40 1.346
ek 4 1.392
-2 1.43s
- 10 1477
1551y
- ! 1.55s
0 0.2239 i bt
.592
20 1.664
: | qugAneyine ni|
R
30 1.741
40 0.1558 1.78s

ammmmumwmaﬂ
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Y . Volume Density

Tomp Pressare Vapor Liquid
c MPA w/kg kg/m?
90 0.004748 3.6939 15428
-25 0.007084 2.5394 1529.9
-80 0.010308 1.7883 15167
15 0.014662 1.2870 1503.6
-0 0.94477 1490.3
45 0.027914 0.70609 1476.7
60 0.037491 0.53641 1463.1
-85 0.049356 0.41362 1449.2
-50 0.064549 0.32330 14352
-5 * 0.082947 0.25586 1421.0
-40.82 0.101325 021223 14089
40 0.10527 0.20480 1406.5
-38 0.11542 0.18790 1400.7
-36 0.12632° 0.17268 1394.8
=34 0.13801 0.15894 1388.9
-32 0.15083 0.14651 13829
-30 #16391 0.13524 1376.9
-28 0.17821 0.12502 13709
-26 0.19346 0.11573 1364.83
24 0.20969 0.10726 1358.7
2 0.2269% 0.09954 13526
~20 0.24531 0.09249 1346.4
-18 0.26477 0.08603 1340.1
16 0.283540 0.08012 13338
14 0.07470 1327.5
-12 0.33034 0.06971 13211
-10 0.35474 0.06513 13146
-8 0.38049 0.06090 1308.1
% 0.40763 0.05701 1301.5
- 0.43622 0.05341 12949
-2 0.46630 0.05008 1288.2

0 0.04700 1281..

2 0.53113 0.04415 1274,
4 0.56599 0.04150 1267.8
[] 0.60254 0.03904 1260.8
8 0.64083 0.03675 12538

awwmnim um'mma d

400.83
402.37

mmaﬂ

1
q 209 37 401 )7 m:u

ated Liquid and Saturated Vapor

Eathalyy Eatropy

Volume Denalty
Vapor Liquid Liquid Vapor Liquid Vapor
' /kg kg/m? kJ/kg kJ/kg L) /kg K kJ/xg X
0.03462 1246.7 211,74 408.03 10417 1.7349
03263 1239.5 214.13 408.67 1.0500 17322
12323 216.54 409.29 1.0583 1.7295
12249 218.96 409.90 - 1.0665 1.7269
12175 2140 41049 1.0748 1.7243
12100 22185 411.06 1.0831 L1217
12024 226.32 411.61 1.0913 L7191
11946 228.80 412.14 1.09%6 1.7165
1186.8 23131 412.65 1.1078 1.7140
11789 233.83 413.13 L1160 L7114
11703 236.38 413.60 11243 1.7089
1162.6 238.94 41403 11325 1.7063
11543 241.52 41445 1.1408 1.7038
1145.9 244.13 41483 . 1.14%0 1.7012
1373 . 24675 415.19 11573 1.6987
1128.6 249.40 415.52 1.1656 1.6961
1119.7 252.07 415.82 11739 1.6934
1110.6 254.77 416.08 1.1822 1.6908
1101.4 257.49 416.31 1.1905 1.6881
001221 10919 260.24 416.50 1.1989 1.6854
0.01139 1082.3 263.02 416.65 1.2072 1.6826
49— 000 l 1072.4 265.83 416.75 1.2156 1.6798
1‘ ?J 1062.3 268.67 416.81 L2241 1.6769
0.0 1051.9 271.55 416.83 12326 1.6739
10413 274,46 416.79 12411 1.6709
’ {
4279 0.008927 1030.3 27741 416.69 1.2497 1.6677
2.7015 0.007816 1001.3 284.98 416.16 12714 1.6594
29975 0.006819 969.68 29288 415.14 12937 1.6500
33178 0.005917 93438 301.22 41346 13169 1.6393
.1550 3.6633 0.005086 893.89 310.18 410.88 13414 1.6265
1.7520
845.17 320.13 406.90 1.3681 16104
780.60 331.96 400.28 13996 1.5877
7 547 660.94 350.67 38495 1.4490 1.5421
7432 95 513 368.1 368.1 1.496 1.496

7404

l 1376
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-Solubility of water in lic

Temp. FREON
°C 11
-40 4
=30 7.4
-20 13
-10 23
0 37
+10 87
+20 87
+30 130
+40 180
Plastic

DELRIN® acetal resin
Cellulose acetate
Cellulose nitrate
Chlorotrifluoroethylene
polymer
LUCITE" acrylic resin
MYLAR®* polyester film
Nylon (ZYTEL® 101)
Phenol formaldehyde resin
Polyethylene
Polyethylene, linear :
Polypropylene
Polystyrene .u
Polyvinyl alcohol
Polyvinyl chlori
Polyvinylidene r
TEFLON® PTFE

fluorocarbon res'qt

—
o

o

al)e

—do (220 |

direfrigerants in parts per million by weight

_—

FREON FREON FREON FREON
114 500 502
2 48 40
4,6 77 65
8,7 117 - 104
16 179 160
27 256 239
45 360 339
72 493 472
11 655 649
160 850 860
\." stics atroom temperature
31| FREON 22 | FREON113 | FREON 114
S w |'Ss. w S w
3 2 0 =1 0 0
S e 0 0 R 0
- 25 0 1 PO
1 s 0 0 85 0
D -1 0 0 1 21
1 1 0 0-5 0 0
S P10 0 0 _— S
2 0 2 1 1 =
q 0 2 .9 — ——
e S 0. 0 o o
=R i 0 0 el =
— |Gl 0 0 - | -
e
1 0 0 — —

S = Maximum percent linear swell when submerged in liquid phase.

D = Disintegrated.

W = Percent increase in weight after drying in air for about two weeks.
— = Not tested.
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Swelling of El ners in Liquid Refrigerants at Room Temperature'
.y

Refrigerant Linear Swell, Percent ks
Tl g Natural Neoprene Thiokol YIiTon y
No. Name I ] ; Rubber - GN FA B Silicone
11 Trichlorofiuoromethane . nl — 23 17 2 6 38
12 Dxchlorodnﬂuoromelha:cfﬁ" 6 0 1 9 -
.13 Chlorotrifluoromethan 1 0 0. 4 ik
13Bl Bromotrifluorc methane 1 2 —_ 7 —_
21 Dichlorofluorometha 34 28 28 22 —
22  Chlorodifluoromethane 6 2 4 20 20 -
30  Methylene Chloride 34 37 59 — —
‘40  Methyl Chloride 26 22 11 — -
113 Trichlorotrifluoroethane 17 3 1 I 34
114  Dichlorotetrafluoroeth 0 2 0 9 -
502 R22and 115 (48.8/51 4 1 s = s
600 Butane i 16 3 0 — —
lﬁ»’ ﬂ‘%‘} o etigerans
d - Under-
ANSV/ ‘ANSI  .writers S
ASHRAE B9.1- Labora-*  Explosive
15-:97 1971 tories - Limits in
afety Safety  Group - _Air,
Refrigerant Refrigerant Code.  Classifi- ‘% by
No. Name  Group No. Name Group  cation Yolume
50 Methane 43 5b  4.9t015 | 54 ). - 5 5S¢ Nonflammabie
14  Tetrafluoromethan il DGt “Methyl Chloride 2. % 42 8.1t017.2
1150 Etaylene V| ). 5¢ Nonflammable
744A Nitrous Oxide : Isobutane 3 5b - 1.8t0o8.4
13 Chlorotrifluoro- m ‘ Y
methane 4= Sulfur Dioxide ¥2 12 Nonflammable
170  Ethane Sb? 3.3t0 10.6 Butane 3 5¢ 1.6t06.5
744  Carbon Dioxide l [ iy 5t Nonflamiiiable ll4 Dichlorotetra- 1 62 Nonflammable
13B1  Bromotriflu, roethane A
' methane W J q ﬂﬁroﬂuoro- 1 4-5¢ Nonflammable
290 Propane - .3t07.3 hane g :
502 Sa Nonflammable 160  Ethyl Chloride 2 420 3.71012.0
22 Chlorodxﬂuoro- sab  gNonflammable =
‘Q"iﬂ EN NIUALNT EE’I@:EJ T
717 et 2 3s 4.5t020.0
500 Nonflammable Methylene Chloride 1 4a® Nonflammable
152a Dxﬂuorocthane 1o obe ST b0 T4 113 Trichlorotrifluoro- 1 4-5¢  Nonflammable
12 Dichlorodifluoro- 1 6 Nonflammable cthane
methane 1130  Dichloroethylene 2 42 5.6t011.4

2Underwriters Laboratories Report MH-2375.
bUnderwriters Laboratories Report MH-3134,
cUnderwriters Laboratories Report MH-2630.

dUnderwriters Laboratories Report MH-3072.
¢Underwriters Laboratories Report MH-6138.
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S1sLAdNaa fa1suaUNTAARAIUANAS]

uAANUN dyuaneaiiad unandily Us:anEnawlunis Us:@ndnawlunas
Tormuia vinarulalaw virlvamunn s
ranlangudiu
CFC-11 CCl3F 1:0 1.0

DU

2
CFC-12 CClyF,  Refriggrationmm0.9-1.0 2.8-3.4

Foaming ade

CFC-113 CCl,F 1.3-1.4
CFC-114 CCIF, 3.7-4.1
CFC-115 CCIF,CF, 7.4-7.6
Halon-1301 ~  CFsBr = Fite fight

Halon 1211 CF,CIBr /1 Fire figh

Halon 2402 : i

asuadifvinanaus§aIna Azl

Carbon CCl, Cleaning g 1.0-1.2 0.34-0.35
tetrachloride u fJ mnj w EJ fl)n s

Methyl 0.022-0.026

chloroform
q E

a#15NaN CFCs

HCFC-22 - CHCIF, Refrigerant 0.04-0.06 0.32-0.37
HCFC-123 CHCI,CF4 Refrigerant 0.013-0.022 0.017-0.020
: Foaming agent
Cleaning
HFC-134a CH,FCF4 Refrigeration 0 0.24-0.29

unsudaya : UNEP SYNTHESIS REPORT (wqFiniuw 2532)



1.3 qmauﬁﬁaﬂnﬂd

Physical properties of gases at atmeospheric pressure

p. Cps B v, & 2.
kg kJ kg m* W m*
T.K m? kg-°C m-s FEL m K o Pr
L o x 15° x 10*
Air

100 3.6010 0.009246 0.0230! 358
130 23675 0.013735 0.05745 0.753
200 1.7684 0.01359 C.10163 073
230 02327 0.13161 1 S
300 - 0.02624 0.22180 0.708
350 © 0.03003 0.2983 0.697
400 0.03363 0.3750 0.639
430 0. 7 04222 0.683
500 0.04038 0.53¢4 0.63C
550 0.04360 0.6332 0.63¢
600 D.0+559 0.7512 0.65C
63 0.04553 2.8578 0.682
700 0.05230 0.9672 XS
750 0.05309 1.0774 0.635
- 800 0.05779 1.1951 0.889
850 0.06028 1.3097 0.692
900 0.06279 1.4271 0.6%4
930 3 0.06323 1.3510 C.6%9
1000 0.3324 0.06752 1.6779 0.702
1100 0.3204 0.0732 1.969 Q704
1200 0.2947 0.0782 2251 0.797
1300 0.2707 0.0837 2,383 0.705
1400 0.0851 2920 0.705
1500 5 3262 0.703%
" 1600 3609 2.7035
1700 3927 0.7¢3

AULINENINYINS
ARIANTAUNNINGIAY
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a.1  ®1719uFavA1tEI a9

-, ' JQ ﬂ
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Cuwmj
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2. pwmsuarinaaT ol 7 , ) Cum)
2.1 21T Tl 13008, ! 6,000 2,820,000
2.2 p1ArTEune il (S _ 3 10,000 8,000,000
3. 2w ufu §7 A ulnes 1,000,000
21,850,000

< L
A1TINN @.2 LY

I

£ o :
SAHHINENINERS =

bt WSONLNID 27,400

]

Thz L IpuuuLusaning 17,500 @4 17,500

QRS D a0 u Ingaa Y=

1
2
3.

5. Fuand1s 5 4,850 28,800
5. Tnafun 3 1,500 $,000
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