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The boiling characteristics of liquid neon and nitrogen in vertical annuli ranging between 
0.006 and 0.080 in. wide were studied. The center tube wall, submerged to various depths, 
formed the boiling surface. Observations suggested a convective heat transfer mechanism, and 
correlation by a Dittus-Boelter equation form proved successful. 

Interest in cryogenically cooled magnets is rapidly in- 
creasing in view of the substantial energy reduction 
achieved at low temperatures. The compactness and low 
resistivity obtainable with cryomagnets are necessary to 
obtain very high field strengths in the order of lo" oersteds 
or higher. 

Magnets may be maintained at their desired tempera- 
tures by removing the required energy input as sensible 
heat in a fluid or as latent heat. Air, water, or kerosene 
are used for magnets operating at ambient temperatures. 
Removal of the heat generated in cryogenic magnets by 
means of a boiling liquid offers two major advantages 
over the use of a fluid utilizing sensible heat transfer: 
a lower temperature difference can be maintained be- 
tween the boiling liquid and the magnet surface, hence, a 
lower resistivity, and a much smaller volume of coolant 
is required. 

At 30°K. the onIy fluid refrigerants are helium, hydro- 
gen, and neon. Hydrogen and neon are more suitable 
from the heat transfer point of view, but safety considera- 
tions preclude the use of liquid hydrogen until more 
operating experience with cryomagnets is obtained. Other 
refrigerants are available for operation at higher cryo- 
genic tempeatures. Some cryogenically cooled magnets 
have been operated at 78°K. by using liquid nitrogen as 
a coolant. 

The investigation was divided into two parts: 1. Study 
of pool boiling on a short vertical pipe with liquid nitro- 
gen and neon. 2. Study of nitrogen and neon boiling in 
narrow annuli. 

The first part of this study was presented at the 
A.1.Ch.E. National Meeting, Pittsburgh, Pennsylvania 
(1 ) . This paper will present the second part of the study 
covering the various factors affecting the boiling perform- 
ance in narrow annuli. 

The technical literature contains many studies and anal- 
yses of heat transfer to boiling liquids. These studies take 
many forms such as surveys (2 ,  3 ) ,  theoretical analyses 
( 4 ,  5, 6, 7,  8), experimental work (9, 10, 11, 1 2 ) ,  and 
statistical analyses ( 1 3 ,  1 4 ) .  Heat transfer to boiling 
cryogenic liquids has been thoroughly reviewed by Class 
et al. ( 2 )  and Richards et al. ( 3 ) .  Both conclude that 
there are large variations in the magnitude of heat flux 
and in the shape of the heat flux VS. temperature differ- 
ence curves, obtained by different investigators. These 
differences may be due to uncontrolled parameters such 
as surface roughness and contamination. 

The study of heat transfer to boiling liquids flowing in 
narrow channels is limited. The following is a brief re- 
view of the pertinent literature in this area. 

L. A. Wenzel is at Lehigh University, Allentown, Pennsylvania. 

THERMOCOUPLES 

Fig. 1. Sketch of assembled test section. 

Neusen, Kangas, and Sher (15) studied heat transfer 
and pressure drop for superheated steam flowing in thin 
annular passages at 600 Ib./sq.in.abs. The test section 
consisted of annuli formed by an 0.878-in. O.D. tube 
inside of an 0.997-in. I.D. tube, giving a gap of 0.0595 
in. The authors determined that the Heineman's correla- 
tion of Nusselt number for L/De greater than 60 corre- 
lated their data for superheated steam in the thin annulus 
with both walls heated. Heineman derived the following 
correlation 

( N N U ) ,  = 0.0133 ( N R , )  1().% ( N p v )  for L/De 1 60 
(1)  

when short round tubes and rectangular channels having 
an equivalent diameter of 0.332 and 0.091 in., respec- 
tively, were investigated at high pressures and tempera- 
tures. 

Polomik, Levy, and Sawochka (1 6) investigated the 
heat transfer coefficients at elevated pressures for annular 
flow with water boiling to 100% quality. The study was 
made in an 0.825-in. O.D. tube with two annuli 0.060 
and 0.120 in. The surface finish of their stainless steel 
surface was 50 pin. or better. The experimental data were 
correlated within f 20% by using a Colbum type of 
equation modified by steam quality and steam void group- 
ings. The correlation applied only to the film boiling data. 
The authors, however, discussed the three boiling regions: 
nucleate boiling, transition region, and film boiling region. 
The data obtained in the nucleate boiling region and 
transition zone were tabulated, but not correlated, in 
their paper. 
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Fig. 2. Schematic diogrom of test section. 

Kapinos and Nikitenko (17) correlated the data ob- 
tained in their study of heat transfer in channels by means 
of an equation of the type NNu = f ( N R s ) .  They modified 
the characteristic length of both the Nusselt and Reynolds 
number by the introduction of a size factor correction. 

Only two references related to the investigation of 
cryogenic fluids boiling in narrow passages were found. 
The first one by Sydoriak and Roberts (18) determined 
experimentally the critical heat input to liquid hydrogen 
and nitrogen boiling in an annular gap. They derived the 
following equation 

on the assumption of a homogeneous and frictionless two- 
phase flow. The second one by Richards, Robbins, Jacobs, 
and Holten (19) duplicated Sydoriak's work. The heat 
transfer test section which was identical to the one used 
by Sydoriak and Roberts simulated the design of an elec- 
tromagnet operable at a Iow temperature of 20°K. It 
consisted of a 7 in. long stainless steel plug which was 
accurately centered in a 5 in. long stainless steel tube. 
Various sizes of plugs were used in order to obtain dif- 
ferent size annular spaces in the test section. Gap sizes 
between 7 and 20 mils were tested. The authors con- 
cluded that a prediction of the maximum operating power 
of an electromagnet by theoretical analysis is not reliable 
a t  this time. 

EXPERIMENTAL PROGRAM 

les t  Section and' Instrumentation 
A complete description of the principles involved in the 

test section design as well as of the basic test section and its 
instrumentation has been made previously (1, 20). 

Heater No, 

12b 
6 
9 

10 
7b 
8 

Heater 
0.D.-in., D1 

2.9975 
2.9695 
2.9675 
2.9645 
2.9030 
2.8495 

Liquid at boiling point Nitrogen (21 ) Neon 

Viscosity, lb./ft.-hr. 0.385 0.714 (23,24) 
Thermal conductivity, 

Ib./hr.-ft.-"F. 0.0805 0.0752 (25) 
Surface tension, Ib./ft. 0.0006 0.00032 (21 ) 
Specific heat, B.t.u./lb.-"F. 0.476 0.427 ( 2 1  ) 
Latent heat, B.t.u./lb.-mole 2405 748 (21 ) 

Vapor at boiling point 

Density, lb./cu. ft. 0.2939 0.56 (21 ) 
Viscosity, Ib./ft.-hr. 0.012 0.0124 (26) 
Thermal conductivity, 

lb./hr.-ft.-OF. 0.0043 0.0236 (21 ) 
Heat capacity, B.t.u./lb.-"F. 0.20 0.44 (21 ) 

Figures 1 and 2 show the details and the assembly of the 
test heater and the flow sheet of the complete experimental 
section. The only difference between the test heater used for 
the narrow annuli study and the one used for pool boiling is 
the addition of the precision Pyrex sleeve and the related hard- 
ware as shown in Figure 1. 

An important consideration was the determination of the 
exact gap size at the liquid nitrogen and neon temperatures. 
This was accomplished by accurate measurements of the out- 
side diameter of the heater and the inside diameter of the pre- 
cision Pyrex sleeve at ambient temperature. The best available 
coefficients of thermal expansion as a function of temperature for 
the OFHC (oxygen free high conductivity) copper and the Pyrex 
sleeve (21, 22) were used to calculate the contraction of both 
materials from ambient to liquid nitrogen and neon tempera- 
tures. Detailed calculations show that a differential contraction 
of 0.004 in. occurs between the copper and Pyrex for both the 
liquid nitrogen and neon cases. The gap dimension at liquid 
nitrogen and neon temperature is therefore the gap size meas- 
ured at ambient conditions plus the differential contraction cor- 
rection of 0.004 in. 

Since the tests are to be carried out at cryogenic tempera- 
tures, heat leak to the test section is an important factor. 
Calculations show that the precision glass sleeve offers suffi- 
cient resistance to render the heat leak effect negligible. How- 
ever, it was decided to minimize this effect further by the ad- 
dition of a second Pyrex pipe around the precision Pyrex pipe, 
thus forming a vapor barrier. 

Experimental Procedure 
The experimental procedure consisted of assembling the 

test section and introducing it to the glass dewars assembly 
shown in Figure 2. The heater cavity was evacuated, and the 
whole section was then cooled with either liquid nitrogen or 
neon. The shield section of the dewars assembly was filled 
with liquid nitrogen. Gaseous nitrogen or neon, depending 
on which fluid was being investigated, was introduced in 
the 500-cc. heater cavity until half of it was filled with liquid. 

Four major gap sizes were tested, namely, 6, 20, 53, and 
80 mils, at liquid nitrogen and neon temperatures. Two ad- 
ditional gap widths of 21 and 22 mils were also tested in the 
case of the nickel plated and cadmium plated heaters, re- 
spectively. Two submergences were considered: the inner sub- 
mergence defined as the length of the heater surface which 

TABLE 1. CHARACTERISTIC DIMENSIONS OF TEST SECTIONS 

Gap size at Annular Equivalent 
Glass sleeve liq. Ne & N, flow area diameter 
1.D.-in., 0 2  temp., in., t sq. ft., At in., De 

3.0015 0.006 3.916 X 0.024 
3.0015 0.020 13.01 X lo-' 0.080 
3.0015 0.021 13.65 x lo-' 0.084 
3.0015 0.022 14.12 x lo-* 0.088 
3.0015 0.053 34.09 x 10-4 0.212 
3.0015 0.080 50.99 x 0.320 

A.1.Ch.E. Journal 

Heat trans- 
fer area, 
sq. ft./in. 

0.06540 
0.06478 
0.06474 
0.06468 
0.06333 
0.06217 

Surface 
finish 

RMS, p in. 

9-11 (CU) 

6-8 (Ni) 
8-11 (Cd)  

11-13 (Cu)  

16-20 ( CU) 

13-15 ( CU) 
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Fig. 3. Heat flux vs. temperature driving force 
( A r b  = Tw - T,,tl, nitrogen annular gap 
boiling, copper heater, 6-gap dimension at 

liquid nitrogen temperature 20 mils. 

is wetted by the boiling liquid and the outer submergence 
defined as the depth of the lower edge of the heater relative 
to the liquid level outside the annulus. Both submergences 
are identified in Figure 1. 

A series of runs for annular gap boiling consisted of varying 
the electric power input to the electric element at at least two 
inner submergences. Heater pressure, wattage, wall tempera- 
tures, and both inner and outer submergences were measured 
for each run. 

The characteristic dimensions of the six test heaters are 
summarized in Table 1. All these six heaters were previously 
tested under pool boiling conditions. The physical properties 
of the two cryogenic fluids tested, nitrogen and neon, which 
are not easily available in the literature, are listed in Table 2. 

Experimental Results ond Observations 
All the experimental data were reduced to the form of heat 

flux as a function of temperature driving force. 
The nitrogen data for the 20 mil gap heater plotted in 

Figure 3 represent a typical condition and show the effect of 
submergence on heat flux. All the data taken with a i'%-in. sub- 
mergence for nitrogen and neon are plotted in Figures 4 and 
5, respectively. 

Observation of the annular gap boiling showed the existence 
of a convective type of heat transfer disturbed by bubbles ris- 
ing to the surface. Actually, the heater surface was completely 
covered by a layer of liquid which was interrupted only at 
the bubble sites. Furthermore, it was noted that the actual 
bubble site area was a small fraction of the total heating area. 
It appeared that the only effect of the rising bubbles was to 
increase the turbulence of the liquid flowing in the annulus. 

Treatment of Dota 
In view of these observations, it is reasonable to treat 

l O o O D r ,  I I , , 

a so0 ~;;;~~/;--;;~ 
1.' . 

. I  

0" 

' 0 8 ,  10 1 0  100 I 0  0 

Fig. 4. Heat flux vs. temperature driving force 
( A r b  = T ,  - T,,t), nitrogen annular gap 
boiling, comparison between all heaters a t  7% 

in. inner submergence. 

A T . .  * f  

the annular gap boiling case in a manner similar to the 
one used for convective heat transfer. This approach was 
used by other investigators (27, 15, 16) and was the 
starting point of most theoretical derivations (28, 29, 7). 
However, factors affecting bubble formation and behavior 
should also be considered. 

The following generalized equation incorporating all 
factors affecting boiling, bubble formation, and bubble 
behavior is obtained by dimensional analysis: 

DG 

Liquid properties for thermal conductivity, density, and 
heat capacity are used, since it was experimentally ob- 
served that heat is transferred through a liquid film. 

The present experimental work covering only nitrogen 
and neon does not permit determination of the exponents 
for all the terms of Equation (3 ) .  A simplification of this 
equation will result in 

where De is the conventional equivalent diameter defined 
as (4 x flow area)/(wetted perimeter). This equation 
includes the most important properties affecting heat 
transfer, as well as the characteristic dimensions of the 
annular gap. The coefficient and exponents of this equa- 
tion can now be obtained from the experimental data 
obtained in this work. 

The coefficient and exponents for Equation (4) were 
obtained by the method of least squares with a GE-225 
computer, resulting in 

( N N ~ ) L  = 150 ( N R e ) L O . "  (L/De)-"." (Np,)Lo.IC' ( 5 )  
which represents all the experimental data, nitrogen, and 
neon, with an average percent deviation of 2 23%. The 
measured Nusselt numbers are compared with the calcu- 
lated ones in Figure 6. 

Equations for each individual heater can be easily cal- 
culated. For example, equations for annular gap nitrogen 
boiling at full submergence are 

( Nxu) L = 17.3 ( N R . )  for 0.053-in. gap (6) 
and 

( N N u ) L  = 24.4 (N,.)."."' for 0.080-in. gap ( 7 )  

A 1, , 'F 

Fig. 5. Heat flux vs. temperature driving force 
( A r b  = Tw - Ts,t), neon annular gap boiling, 
comparison between all heaters a t  7% in. inner 

submergence. 
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These equations are shown in Figures 7 and 8, respec- 
tively. 

The agreement between the correlation and the experi- 
mental data is noteworthy in view of the wide range of 
experimental conditions. The following discussion briefly 
reviews the effect of the important experimental condi- 
tions on the boiling coefficients. 

Surface Roughness and Finish. The measured root mean 
square roughness and surface finish appear to have no 
effect on boiling coefficients in annular gap boiling, at 
least within the limits of this work. This apparent inde- 
pendence of annular gap boiling from surface effect has 
also been observed with respect to surface oxidation. Two 
runs were made with a copper heater having about 15% 
of its surface badly oxidized. These runs were repeated 
with the heater surface completely cleaned, and the co- 
efficients calculated from the new data were the same as 
the ones calculated from the old data. 

Effect of Back Pressure on Boiling. Several runs were 
performed with the rotameter line connected to the vapor 
liquid separator as shown in Figure 2. The effect of the 
back pressure created by the rotameter on the system was 
very noticeable. The liquid level inside the annulus was 
immediately lowered to a point about 1 in. below the 
outer liquid level. The appearance of the foam was also 
changed. Its height was reduced from 1 in. or so to about 
y4 in. or less. Entrainment, if any, was completely 
stopped. Vapor bubbles appear to become smaller. All in 
all, the back pressure effect on the nature of the gap boil- 
ing was significant. 

However, in spite of the different appearance of boil- 
ing, the heat transfer coefficients calculated for the cases 
of connected and unconnected rotameter were the same. 

Effect of Entrainment. Entrainment occurred when the 
combination of heat input and outer submergence was 
sufficient to raise liquid droplets into the entrainment col- 
lector. Examination of data taken with and without en- 
trainment shows that at a given heat flux the boiling tem- 
perature driving force is slightly smaller for the case hav- 
ing entrainment. This is caused by the larger flow exist- 
ing in the annulus during entrainment resulting in a better 
performance. The effect, however, was usually small. Dif- 
ferences in temperature driving forces were usually of the 
order of 0.2 to 0.4"F. at the higher heat fluxes, or the 
equivalent of 2 to 3% of the temperature driving force. 

Comparison Between Neon and Nitrogen Boiling. There 
were no apparent differences between neon and nitrogen 
boiling in narrow annuli. Data, however, showed that at 
a given temperature difference, heat flux for neon was 
higher than for nitrogen. This can be seen by comparing 
Figures 4 and 5. 

CLLCULITEB ""LSELI """8ER 

Fig. 6. Comparison between measured and cal- 
culated Nusselt number for all neon and nitro- 

gen annular flow boiling data. 

1SO.0, , , , , I I I ' I  

1 
50.0 

~ 

S O 0  ,000 =.a 
1.1 

I 0  10.0 
"T"*OLDS NUYIIL" 

Fig. 7. Nusselt number vs. Reynolds number, 
nitrogen annular gop boiling, copper heater 

7b, 53-mil gap. 

Maximum Heat Flux. Maximum heat fluxes due to gay 
size were experienced in four cases only: 

1. 850 B.t.u./hr.-sq.ft. at ATb = 58°F. for liquid ni. 
trogen in a 6-mil gap heater. 

2. 350 B.t.u./hr.-sq.ft. at AT, = 1.1"F. for liquid neon 
in a 6-mil gap heater. 

3. 1,600 B.t.u./hr.-sq.ft. at AT, = 6.5"F. for liquid 
neon in a 20-mil gap heater. 

4. 1,600 B.t.u./hr.-sq.ft. at hTb = 3.O"F. for liquid 
neon in a 21-mil gap heater. 

In all other cases, limit on heat flux was the result of 
heat input limitation rather than gap size effect. 

Evaluation of the Sydoriak and Roberts Cmelution. The 
ratio of heat fluxes calculated by means of the Sydoriak 
and Roberts equation [Equation ( 2 ) ]  to measured ones 
varies between 1.2 and 2.2 for nitrogen boiling in annuli 
having 20- to 22-mil gap sizes. This ratio is 5.4 and 6.9 
for nitrogen boiling in annuli having a gap size of 53 and 
80 mils, respectively. It is therefore apparent that the 
Sydoriak and Roberts equation does not apply to gap sizes 
larger than 22 mils. 

CONCLUSIONS 
An investigation of neon and nitrogen boiling in narrow 

annuli was completed. The study covered the case of a 
7% in. long vertical heater with a nominal 3-in. O.D., gap 
sizes ranging from 0.006 to 0.080 in., and L/De  ratios 
varying between 9 and 310. 

The experimental design concept allowed for visual 
observation simultaneously with data collection, which 

t i  1 
I I ,  

Y ) o  1000 5 w o  
2 5  ' I '  

L O  100 

*L**OLOI *"*BE- 

Fig. 8. Nusrelt number vs. Reynolds number, 
nitrogen annular gap boiling, copper heater 

8, 80-mil gap. 
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made it possible to relate data directly to observed be- 
havior. 

A generalized equation for annular gap boiling was de- 
rived on the assumption of convective type of heat trans- 
fer. The concept of equivalent diameter was hsed to 
modify the characteristic dimension in the Nusselt and 
Reynolds numbers. 

The following equation correlated all annular gap boil- 
ing data obtained with nitrogen and neon with an average 
percent deviation of f 23% : 

The validity of the correlation over the wide range of 
parameters involved in the experimental work substanti- 
ates the assumptions made and concepts involved in the 
derivation of the equation. 

However, caution should be exercised in the use of 
Equation (8) outside the range of the experimental work. 
It is believed that while this equation would be satisfac- 
tory for cryogenic fluids in general, certain size limitations 
should be considered, namely vertical height less than 15 
in. and annular gap sizes in the order of 0.006 to 0.080 
in. I t  should be noted, however, that this range of gap 
sizes effectively covers the practical range for narrow 
annuli. The lower limit of 0.006 in. is very nearly a prac- 
tical minimum. A gap size exceeding the upper limit of 
0.080 in. will result in a condition equivalent to pool 
boiling. 
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NOTATION 

a, a’ = 
A =  

A, = 

h =  

At == 

c =  
cpr = 

C P L  = 
d =  
D =  

De = 

Dl = 
D, = 
e =  
f =  
f2  = 
g =  
g =  
g. = 
G =  
h, = 

k f  = 

constants 
cross-sectional area of annular gap, sq.ft. 
test section annular flow area, sq.ft. 
test section wetted effective heat transfer area, 

constant 
constant 
heat capacity at film conditions, B.t.u./ (lb.) 

heat capacity of liquid, B.t.u./(lb.) ( O F . )  

constant 
diameter, ft. 

sq.ft. 

(OF.) 

4 flow area 
equivalent diameter = , ft. 

wetted perimeter 
outside diameter of heater, in. 
inside diameter of glass sleeve, in. 
constant 
constant 
mass fraction vapor in the fluid leaving heater 
constant 
acceleration of gravity, 32.2 ft./sec.= 
conversion factor from force to mass 
mass flow velocity, lb./(hr.) (sq.ft.) 
boiling heat transfer coefficient, B.t.u./ (hr.) (sq. 
ft.) ( O F . )  

thermal conductivity at film conditions, B.t.uJ 
(hr.) (ft.) (OF.) 

k, 

L 

(NN”) = Nusselt number at film conditions = - , di- 

( N N U ) L  = Nusselt number based on liquid properties = 

= thermal conductivity of liquid, B.t.u./(hr.) (ft.) 

= wetted length of surface, ft. 
( O F . )  

hb De 
kt 

mensionless 

h, De 
, dimensionless 

k L  

CPI Pr 

k f  
( N P , )  = Prandtl number at  film conditions = -, 

dimensionless 
( N p , ) L  = Prandtl number based on liquid properties = 

cpL PL , dimensionless 
k L  

De G 
= Reynolds number at film conditions = -, 

CLr 
dimensionless 

( N R s ) L  = Reynolds number based on liquid properties = 
De G - , dimensionless 

Pv = 

Q =  
Q =  
t =  

Tsat = 
T ,  = 
z, = 
AT, = 

Pt = 
p L  = 
p L  = 
pv = 
p v z  = 
u =  

CLL 

liquid vapor pressure 
heat transfer rate, B.t.u./sec. [Equation (2)  ] 
heat transfer rate, B.t.u./hr. (Figures 3, 4, 5 )  
test section gap size at liquid nitrogen and neon 
temperatures, in. 
saturation temperature, O F .  

temperature of heating surface, O F .  

hydrostatic head, ft. 
boiling temperature driving force = T ,  - T,.,, 
OF. 
viscosity at film conditions, lb./ (ft.) (hr.) 
viscosity of liquid, lb./ (ft.) (hr.) 
density of liquid, lb./cu.ft. 
density of vapor, Ib./cu.ft. 
exit vapor density, Ib./cu.ft. 
surf ace tension, Ib. /f t. 
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Determination of the Activity Coefficient 

of a Volatile Component in a Binary 

System by Gas-Liquid Chromatography 
CHUN F. CHUEH and WALDEMAR T. ZIEGLER 

Georgia Institute of  Technology, Atlanta, Georgia 

The gas-liquid chromatographic (GLC) method of measuring the activity coefficient of the 
solute in a binary system has been extended from infinite dilution to the finite concentration 
range. An equation is presented relating the retention volume of the injected solute sample 
to the equilibrium solute concentration present in the column. This relation permits determina- 
tion of the activity coefficient of the solute. Based on the experimental results obtained from 
the study of the two binary systems, benzene in diethylene glycol a t  50”, 70”, and 90°C. and 
n-hexane in 1,2,4-trichlorobenzene a t  30°C.. the activity coefficients of the solute measured 
by the GLC method were found to agree within about &5% with those obtained by the static 
equilibrium method. 

The vapor-liquid equilibrium of a volatile solute in a 
relatively nonvolatile solvent is difficult to measure by the 
conventional static equilibrium method because of the 
low equilibrium concentration of the solvent in the vapor 
phase and similarly the low concentration of the solute 
in the liquid phase. A number of investigators (1 ,  4, 5, 
9, 11, 13, 17)  have measured the activity coefficient of 
a soIute at infinite dilution in such a nonvolatile solvent 
by the gas-liquid chromatographic (GLC) method. In 
this method the time required for a small solute sample 
to be carried through the column by an insoluble carrier 
gas, such as helium, is measured. The vapor-liquid equi- 
librium constant K and hence the activity coefficient may 
be calculated from the retention volume by the equation 

The derivation of Equation (1)  by Martin and Synge 
(12) and others (9, 10, 15)  is based on the plate model 
and includes the assumptions that the sample size in- 
jected is small and no solute vapor is present in the insol- 
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uble carrier gas prior to the injection of the solute. The 
activity coefficient measured by this method is the activity 
coefficient of the solute at infinite dilution. 

The object of the present study was to extend the GLC 
method for measuring the activity coefficient of the solute 
in a binary system from infinite dilution through a meas- 
urable concentration range. To accomplish this, a gaseous 
mixture of solute vapor and helium gas, instead of pure 
helium (or other inert gas), was used as the carrier gas. 
After the column had been flushed by the gaseous mixture 
for a sufficient length of time, the nonvolatile solvent in- 
side the column became saturated with the solute, and 
hence an equilibrium state between the vapor phase and 
liquid phase was reached. Both phases contained a finite 
amount of solute. A small sample of the solute was then 
injected into the carrier gas entering the column, and its 
retention time was measured. The activity coefficient was 
calculated from the apparent retention time from the 
theoretical model presented below. By varying the concen- 
tration of the solute in the carrier gas, activity coefficients 
at various concentrations of the binary solution were de- 
termined. The experimental results have been compared 
with activity coefficient measurements obtained by others 
from vapor-liquid equilibrium measurements. 
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