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The spec i f i c  hea t  C; of  o c t o f l u o r o c y c l o b u t a n e  has been  measured  be -  

tween  - 8 6  ~ and +44 ~ C using the  appara tus  of  [1] .  A t ab l e  of  t h e r m o -  

d y n a m i c  proper t i es  of l iquid Freon C - 3 1 8  and its sa tu ra ted  vapor  has  

been  p repa red  based on xhe t h e r m a l  p a r a m e t e r s  in [2] and e x p e r i m e n -  

ta l  va lues  of the spec i f ic  h e a t .  

B a s i c  p h y s i c a l  p roper~ le~  of  octofluorocyclobutane 
[2]. M o l e c u l a r  weight  i s  200.04;  n o r m a l  bo i l i ng  point  
t s = - 6 . 4 2  ~ C; gas  cons t an t  R = 41.5645 J / k g  �9 C; 
m e l t i n g  poin t  t m = - 4 0 . 2  ~ C; v m = 0. 00057 m3/kg;  
c r i t i c a l  point  t c r  = 115.39 ~ C; P c r  = 28 .05  . 10 ~ n/m2;  
Ver = 0. 001583 m3/kg .  

Tab le  1 

E x p e r i m e n t a l  Values  of the Speci f ic  Heat C~ of 
Oc to f luo rocyc lobu tane  C4F 8 (F reon  C-318)  

t. ~c k J / k g .  C t. ~ k J /kg  �9 C 

- - 3 6 . 0  
--30,{} 
- - 2 8 . 6  
---2.1.4 
.... 22.5 
- -19 .1  
.... 16.I 
- - 13 .4  
- - 7 . 4  

0.8964 
0.8969 
0.9043 
0.9085 
0.9087 
0.9240 
0.9265 
0.9362 
0,9433 

0 .8  
3 .7  

!2 .0  
19.0 
28.( '  
4G.C 
43 0 
43.8 

O. 9734 
O. 9870 
1. 0082 
1.0318 
I 0676 
1.1137 
1. 1249 
I. 1233 

Due to i t s  p r o p e r t i e s  (except iona l  c h e m i c a l  and 
t h e r m a l  s t ab i l i t y ,  i n e r t n e s s  to m e t a l s  and m i n e r a l  
o i l s ,  non tox ic i ty  and non f l ammab i l i t y ,  low c r i t i c a l  
p r e s s u r e  and t e m p e r a t u r e ,  e t c . )  o c t o f l u o r o c y c l o b u -  
t ane  a p p e a r s  to be qui te  a p r o m i s i n g  work ing  m e d i u m .  

Oc to f luo rocyc lobu tane  can be wide ly  app l i ed  as  a 
c a r r i e r  of hea t  and cold  in f reon  t u rb ine s ,  in g e o t h e r -  
m a l  h e a t - p u m p  and r e f r i g e r a t i o n  i n s t a l l a t i o n s ,  a s  wel l  
a s  in t u r b o c o m p r e s s o r s  fo r  a i r - c o n d i t i o n i n g .  In r e -  
f r i g e r a t i o n  equ ipment  oc to f luo rocyc lobu tane  (des ig -  
nated F r e o n  C-318)  can advan t ageous ly  r e p l a c e  such 
f r eons  as  F21, F l 1 4 ,  and F142.  

The p r e s e n t  a r t i c l e  d e s c r i b e s  the r e s u l t s  of m e a -  
s u r e m e n t s  of  oc to f luo rocyc lobu tane  spec i f i c  heat ,  on 
the  b a s i s  of which an equat ion is f o r m u l a t e d  giving 
the t e m p e r a t u r e  r e l a t i o n  of en tha lpy  and en t ropy  of 
the l iqu id .  

The c a l o r i f i c  va lue s  w e r e  ca l cu l a t ed  by  u t i l i z ing  
the e x p e r i m e n t a l  da ta  on t h e r m a l  p r o p e r t i e s  in [2] 
and the spec i f i c  hea t  of oe to f luo rocyc lobu t ane .  A l so  
a t ab le  of the  t h e r m o d y n a m i c  p r o p e r t i e s  of  the  s a t u -  
r a t e d  v a p o r  was c o m p i l e d .  

Determination of the specific heat C~ for Frcon 
C-318 .  The spec i f i c  hea t  of  oc to f luo rocyc lobu tane  in 

the  t e m p e r a t u r e  r ange  f rom 17 ~ to 270 ~ K was  m e a -  
su red  by F u r u k a w a  in [3]. Data on spec i f i c  hea t  a t  
l f lgher  t e m p e r a t u r e s  i s  l ack ing  in the l i t e r a t u r e .  

The t h e r m a l  c a p a c i t y  of 99.8% o e t o f l u o r o c y e l o b u -  
tane  was d e t e r m i n e d  in a vacuum ad iaba t i c  c a l o r i m e -  
t e r  by the  method d e s c r i b e d  in [1]. D u r i n g  the e x p e r -  
i m e n t s  the  va lve  be tween  the thin c a p i l l a r y  of  the  c a l -  
o r i m e t e r  and the c h a r g i n g  l ine  was  c lo se d .  The a i r  
was  r e m o v e d  f r o m  the  c a l o r i m e t e r  and the  l iquid b e -  
f o r e  c h a r g i n g  the c a l o r i m e t e r .  In the c lo sed  c a l o r i m -  
e t e r  the  l iquid was at  e q u i l i b r i u m  with the vapo r ,  and 
the hea t  input  was  expended not only  in w a r m i n g  up 
the  l iquid but  a l so  in changing  the v a p o r  t e m p e r a t u r e  
and v a p o r i z i n g  p a r t  of  the l iquid .  In the  e x p e r i m e n t s  
the  c a l o r i m e t e r  was  f i l l ed  with l iquid up to  a p p r o x i -  
m a t e l y  97% of c a p a c i t y .  

With t h i s  c h a r g i n g  of the  c a l o r i m e t e r  the r e v e r s e  
i s  t rue ,  i . e . ,  v a p o r  condensa t ion  and ge ne ra t i on  of  
hea t  t ake  p l a c e .  Ca lcu la t ions  show that the c o r r e c -  
t ion  f o r  condensa t ion  (evapora t ion) ,  change in vo lume  
of vapor  and l iquid,  does  not exceed  0.15%, i . e . ,  a l -  
mos t  a l l  of  the  hea t  suppl ied  i s  spen t  on hea t ing  up 
the l iquid .  T h e r e f o r e ,  the  e x p e r i m e n t s  in  fac t  def ine 
the  spec i f i c  hea t  C~ (more  p r e c i s e l y ,  the spec i f i c  
hea t  of the  t w o - p h a s e  s y s t e m ) .  

F o r  F reon  C-318 in the  t e m p e r a t u r e  r ange  f r o m  
- 4 0  = to 60 ~ C we can  take  C~ = C~, s ince  in the equa t ion  

c ;  = c'  , r 
-;- p OT 

the e x p r e s s i o n  T ( &'' ) dp with a m a x i m u m  e r r o r  
o r ,  - a f  

(at t = 60 ~ C) of 1.6% may  be d i s r e g a r d e d .  In o r d e r  
to obta in  r e l i a b l e  data ,  a n u m b e r  of  e x p e r i m e n t s  w e r e  
p e r f o r m e d  within the r ange  of t e m p e r a t u r e s  under  i n -  
ve s t i ga t i on .  In th is  c a s e  a good dup l ica t ion  of  e x p e r i -  
men ta l  da t a  was o b s e r v e d .  

The spec i f i c  hea t  C~ of F r e o n  C-318 was d e t e r -  
mined  in the t e m p e r a t u r e  r ange  f r o m  - 3 6  ~ to 44 ~ C. 
The e .xper imenta l  va lues  of the spec i f i c  hea t  a r e  g iv -  
en in Table  1. The s c a t t e r  of the  e x p e r i m e n t a l  po in ts  
amounted  to 0.8%. The m a t h e m a t i c a l  p r o c e s s i n g  of 
the  e x p e r i m e n t s  e s t a b l i s h e d  tha t  the o v e r - a l l  r e l a t i v e  
e r r o r  does  not exceed  0.8%. Based  on the e x p e r i m e n -  
ta l  da ta  in the  t e m p e r a t u r e  r ange  f r o m  - 4 0  ~ to +60 ~ C 
the equat ion  of the spec i f i c  hea t  r e l a t i v e  to t e m p e r a -  
t u r e  i s  def ined as  

C~ -= 0.9726 -i,- 2.848. lO--3t + 1.620. lO-ht ~, (1) 
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Table  2 

T h e r m o d y n a m i c  P r o p e r t i e s  of Liquid Freon  C-318 (Octof luorocyclobutane  
C4F8) and i t s  Sa tura ted  Vapor  

Specific volume 
, ~ Absolute 

~ 'pressure 
" I I . �9 

~ , p �9 lO-S, lhqmd v vapor v'; 
~ 'N/m z mS/kg mS/kg 

Enthalpy 
Heat of 

i ' ,  ]ivap~ 
liquid zation vapor i", r, 

kJ/kg kJ/kg ] k j /kg  

Entropy 

. - L )  0 
r  . 

- -40.2  
--40 
--38 
--36 
--34 
--32 

--28 
--26 
--24 
--22 
--20 
--18 
--16 
--14 
--12 
--10 
- - 8  
- - 6  
- - 4  
- - 2  

0 
+ 2  

4 

I0 
12 
14 
16 
la 
20 
22 
?4 
26 
2~ 

32 
34 
36 

40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
6O 

0.2107 
0-2130 
0.2366 
0.2625 
0.2907 
0,3214 
0.3546 
0.3908 
0.4299 
0.4722 
0.5179 
0.5672 
0.6203 
0.6774 
0.7388 
0.8047 
0.8753 
0.9510 
1.0318 

.1182 
2103 
3O86 

.4132 
,5245 
.6428 
.7684 
,9016 

~.0428 
!.1922 

2.3503 
2.5174 
2.694~ 
2879~ 
3.0761 
3,282~ 
3,500, 
3.7181 
3,954( 
4.201~ 
4,460~ 
4.7421 
5.015: 
5.311{ 
5.621' 
5.944( 
6.2809 
6.6318 
6.9873 
7.3778 
7.7735 
8.1849 
8.6122 

0.5704 
0.5706 
0.5727 
0,5749 
0.5771 
0,5793 
0.5815 
0.5838 
0.5861 
0.5884 
0.5908 
0.5932 
0.5956 
0.5980 
O. 6005 
0.6O30 
0.6055 
0.6081 
0.6108 
0.6134 
0.6161 
0.6189 
0.6217 
0.6246 
0.6274 
0.6304 
0.6334 
0.6364 
0.6395 
0.6427 
0.6459 
0.6492 
0.6526 
0.6560 
0.6.595 
0.6631 
0.6668 
0.6706 
O.6744 
0.6784 
0.6825 
0.6867 
0.6909 
0.6954 
0.6999 
0.7046 
0.7094 
0.7144 
0.7195 
0.7250 
0.7305 
0.7361 

0.4488 
0.4444 
0.4026 
0.3654 
0.3321 
0.3023 
O.2756 
0.2515 
0.2301 
0.2106 
0.1931 
0.1772 

~ .1629 
1499 

011381 
~ .1273 

1175 
011087 
0.1004 
0.09374 
0.08635 
0.08010 
0.07444 
0.06921 
0.06341 
0.05999 
0.05592 
0.05218 
0.04872 
O. 04552 
O. 04257 
O. 03983 
0.03730 
0.03495 
0.03278 
~ .03O75 I 

.02837 
0.02725 
0.02564 
0.02414 
0.02369 
0.02144 
0.02023 
0.01909 
0.01802 
0.01703 
0.01609 
0.01521 
0.01439 
0.01362 
0.01289 
0.01221 

462,95 
463.08 
464.81 
466.56 
468.36 
470.14 
471.94 
473.75 
-175.60 
477.40 
479.22 
481,08 
482.89 
484,78 
486.66 
488.56 
490.44 
492.34 
494.26 
496.20 
498.12 
500.06 
502.00 
503.98 
505.98 
507.95 
509.96 
511.99 
514.03 
516.05 
518.13 
520.22 
522.29 
524.41 
526.51 
528.66 
530.78 
532.96 
53516 
537.35 
539.59 
541.81 
544.07 
546.34 
548.64 
550.95 
553.28 
555.61 
557.97 
560.38 
562.76 
565.18 

581.27 
581,36 
582.83 
584.29 
585.76 
587.24 
588.72 
5~).18 
591.66 
593.12 
594,57 
596.01 
597.44 
598,91 
600.37 
601.81 
603.23 
604.67 
60613 
607.57 
60899 
610.42 
611.82 
613.25 
614.71 
616.14 
617.56 
619.0G 
620.42 
621.8,3 
623. ~) 
624.72 
626.16 
627.61 
629.04 
630.48 
631.93 
633.40 
634.85 
6136.32 
637.81 
639.28 
640.74 
642.22 
643.72 
6t5.24 
646.73 
648.22 
649.74 
651.25 
652.78 
654.32 

118.32 0.8531 
118.28 0.85,38 
118.02 0.8613 
117.73 0.8688 
117.40 0.8763 
117.10 0.8838 
116.78 0.8913 
116.43 0.8987 
116.06 0.9060 
115.72 0.9134 
115.35 0.9207 
114,93 0.9280 
114.55 0,9353 
114.13 0.9.t26 
113.71 0.9498 
!13.25 0.9570 
112.79 0.9642 
112.33 0.9714 
111.87 0.9786 
111.37 0.9857 
110.87 0 . ~ ) ~  
110.36 1 
109.82 110071 
109.27 !.0142 
108.73 1.0213 
108.19 i.0284 
107.60 1.0355 
107.01 1.0426 
106.:39 1.0497 
105.80 1.0567 
105.17 .0638 
104.50 .0708 
103.87 .0779 
103.20 .0849 
102.53 .0920 
101.82 .0991 
I01.15 .1062 
00.44 .1132 
99.69 .1203 
98.97 .1275 
98.22 .1346 
97.-i7 .1,117 
96.67 .1488 
95.88 .1559 
95.08 .1630 
94.29 .1701 
93.45 .177:3 
92.61 1.18,t4 
91.77 ] 1.1915 
90.89 1.1987 
90.02 1.2059 
89.14 1.2131 

i 

1.36O9 
1,3611 
1. 3631 
1.3651 
1.3671 
1. 3693 
1.3714 
1. 3734 
1. 3756 

.3778 

.3800 
�9 
,3842 
.3864 
.3886 
.3908 
�9 3929 
.3950 
.3972 
.3994 
.4016 
.4039 
.4062 
.408,5 
.4108 
.4132 
.4155 
.4179 
�9 4202 
�9 4226 
.4250 
4274 

.4298 

.4322 
1,4347 
1. 4372 
1. 4398 
1.4423 
1.444!) 
1. ,t476 
1.45O3 
1.-t529 
1. 4555 
1. 4582 
1. 4609 
1. 4637 
1.4665 
I. 4692 
1. 4720 
1.47,t8 
1. 4777 
1.4807 
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o r  

C~ = 1.410--6.05- 10-ZT H- 1.620.10-ST 2, (2) 

where C s is expressed in kJ/kg �9 C. The constant co- 
efficients in (1) and (2) are determined on the basis of 
the experimental data. 

The results of the experiments were used to com- 
pile Table 2. 

D e t e r m i n a t i o n  of  en tha lpy  and e n t r o p y .  The en tha l -  
py i '  and en t ropy  s '  of the  l iquid a r e  c a l c u l a t e d  f r o m  
the  known t h e r m o d y n a m i c  d i f f e r e n t i a l  equa t ions .  Here  
the  s t a r t i n g  point  of the  r e ad ing  was  a r b i t r a r i l y  t aken  
as  the  s t a t e  of the  bo i l ing  l iquid at  0 ~ C. In th i s  s t a t e  
we a s s u m e d  i 0 = 500 k J / k g  and s o = 1. 0000 k J / k g  �9 C. 

By i n t e g r a t i n g  the d i f f e r en t i a l  equa t ions  

c ;  = - -  - -  di' v' dp and ids" = C' dT  
dT  dT  s T 

i" = i "  6 - r ,  (5) 

s" := s" + r/T.  (6) 

In a l l  the  equa t ions  i ' ,  i"  and r a r e  e x p r e s s e d  in k J / k g ,  
whi le  s '  and s"  a r e  e x p r e s s e d  in k J / k g  �9 C. 

The fo l lowing equat ion 

r = 65.881 + 0.586T - -  1.55.10-37 "z (7) 

fo r  c a l cu l a t i ng  the  hea t  of v a p o r i z a t i o n  was  ob ta ined  
on the b a s i s  of the  da ta  computed  f rom the C l a p e y r o n -  
C laus ius  equat ion,  which con ta ins  the  e x p e r i m e n t a l  
va lues  of  v ' ,  v",  and d p / d T  obta ined  by  Bambach  [2]. 

The t h e r m o d y n a m i c  p r o p e r t i e s  of the s a t u r a t e d  
v a p o r  w e r e  c a l c u l a t e d  f rom the equat ions  for  p - t ,  v ' ,  
v"  [2] and r (7). The v a l u e s  of  i ' ,  i" ,  s '  and s"  w e r e  
c a l c u l a t e d  f rom Eqs .  (3), (4), (5), and (6). The r e -  
su i t ing  da ta  a r e  given in Table  2. 

and subs t i tu t ing  the spec i f i c  hea t  va lue s  f r o m  (1) and 
(2), we obta in  e x p r e s s i o n s  fo r  the en tha lpy  i '  and en -  
t r o p y  s '  of  the  s a t u r a t e d  l iquid:  

! p 

i' = i o =- i C:dt -',- I" o'dp, 
~o 

T j. s' = so + C; d r  
T ' 

973 15 

o r  

i' = 500 + 0.9726t + 1.424.10-'~t 2 - 

P 

+ 5.40.10-6t 3 6- J'v'dp, (3) 
Po 

NOTATION 
t ~ . 

Cs--speclfic heat of liquid along the saturation line; 
i 0 and s0--enthalpy and entropy of liquid at 0 ~ C; v', i', 
and s'--respectively, the specific volume, enthalpy, 
and entropy of liquid along the saturation line; v", i", 
and s"--respectively, the specific volume, enthalpy, 
�9 and entropy of the dry saturated vapor; r--heat of va- 
porization; P0--absolute pressure at 0 ~ C. 
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s' = 2.0449 + 3.2475 lg (T/273,15)  - -  

- 6,05.10-~T 6- 8.143.10-~ "z. (4) 

The en tha lpy  i"  and en t ropy  s"  of the d r y  s a t u r a t e d  
v a p o r  a r e  d e t e r m i n e d  f r o m  the fol lowing f o r m u l a s :  

30 J a n u a r y 1 9 6 5  Techno log ica l  Ins t i tu te  of the  R e -  
f r i g e r a t i o n  Indus t ry ,  Len ingrad  


