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ABSTR,ACT 

Experimental data on the mass transfer of four vapors from a 

packed bed of granular solids to a flowing air stream were obtained 

in the range of modified Reynolds numbers ranging from 300 to 2200. 

Three different sizes of porous right circular cylinders were used 

for packing. A. turbulence effect, requiring a variable Schmidt 

number exponent for correlation of the data is postulated, and 

evidence for a wall effect, applicable to small beds, is presented. 

The limited data presented herein are combined with data of Hougen 

et al (7)(27)(31) to give the following equation:* 

j' t= 
cl. 

_r;G -.41 
= 1.452 (-2'...::....) 

Al 

This empirical equation fits the data for a modified Reynolds number 

range of 300 to 2200 and may apply at higher Reynolds numbers. The 

data of Wilke and Hougen (31) indicate that another equation applies 

at lower Reynolds numbers. 

* For list of symbols and their meaning see page 38. 
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INTRODUCTION AND THEORY 

In the past ten years, experimental study of mass transfer in 

flow systems has been advanced to a point where many of the physical 

variables involved in mass transfer have been identified and qualita-

tive empirical relationships determined for many geometrical con-

figurations. Mass transfer to gases flowing through granular beds has 

many applications. Data on mass transfer coefficients are of value in 

the design of equipment for such operations as gas absorption by 

solids, evaporation and drying of granular solids, drying of gases by 

solid desiccants, chemical reactions between ga;ses and granul'ar solids, 

and gas reactions catalyzed by granular surfaces, to name a few. 

In a flowing fluid stream it is knmm that laminar or viscous 

flow occurs -in the vicinity of any surface present, even with a high 

degree of turbulence in the main fluid stream. One point of view con-

siders this laminar layer or "film" of relatively stagnant fluid to be 

the carrier for the diffusing vapor and the principal resistance to 

the mass transfer process. The rate of transport of a vapor, A, 
through a relatively stagnant gas, B, is proportional to the partial 

-dp 
pressure gradient of the diffusing vapor ( --J-) and inversely 

proportional to the number of interfering molecules of B (i.e. to the 

partial pressure of B). This relationship may be expressed by: 

(1) 

where 

NA is the molal rate of transport of vapor A per unit time per 



unit area normal to direction of transport. 

D:t,:r is the molal diffusivity (lb. mole/hr.ft.), 

PA is the partial press111·e of diffusing gas A, 

PB is the partial pressure of the stagnant gas, B. 

X is the distance in the direction of diffusion. 

Equation (1) is essentially the definition of !J:t{• At some 

distance from the surface from which mass transfer occurs, there is 

2 

a turbulent core where the local gas velocity approaches the mean 

velocity of the gas stream. Here mass transfer occurs by eddy trans-

port through a velocity gradient. This eddy transport and the mole-

cular transport expressed by equation (1) take place simultaneously 

in a transition region between the laminar layer and the turbulent 

core. Since such systems are not conveniently amenable to mathe-

matical analysis, the process is treated as one of pure molecular 

diffusion of vapor, A, through a hypothetical film of stagnant gas, 

B. This hypothetical stagnant film is defined as having a resistance 

to molecular transport equivalent to the total resistance offered by 

the real laminar layer, transition region, and the turbulent core. 

"\Jhile this method of analysis of the problen has the virtue of keeping 

the analysis relatively simple, it cannot even uncover the fundamental 

features of the m9.ss transfer processes that occur. Accordingly, it 

is emphasized that the correlations presented in this discussion are 

of an empirical rather than fundamental character. 

For mass transfer across a gas and a solid or liquid interface, 

a gas film mass transfer coefficient, k, is defined by g 
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(2) 

where (pAl - pA2) is the partial pressure driving force at a single 

point. In the equation above PAl and pA2 are the partial pressures of 

component A at the interface and in the main gas stream respectively. 

In a packed bed where the driving force for mass transfer 

changes from the bottom to the top of the bed, it is here assumed that 

the logarithmic mean partial pressure difference will apply. Therefore, 

the overall mass transfer rate is given by: 

where 

R = k A MAplm C g (2A) 

R0 is the mass transfer rate for the entire bed, lbs./hr. 

A is the total surface area over which mass transfer 

occurs. 

Mis the molecular weight of the diffusing vapor. 

-Aplln is the logarithmic mean partial pressure difference 

of the diffusing vapor between the interface and the 

main gas stream at the terminal boundaries of the bed. 

Since the hypothetical film thicknesses in any particular mass 

transfer flow system are generally unknown, it is customary to corre-

late experimental data in terms of the arbitrarily defined mass trans-

fer coefficient. In correlating mass transfer data two types of 

properties are employed. The first includes such process variables as 

size and shape of the system, mass velocity, and partial pressures. 

Some of these variables are common to other operations involved in the 

transfer mechanism, such as heat transfer and fluid flow. Secondly, 

there are intensive properties of the materials used in the mass 



transfer system, such as viscosity, density, and the mass diffusivity 

of the diffusing component through the stagnant film. Correlation of 

these variables through the agency of dimensionless moduli permits 

combination of data from one system of components with those of 

another composed of entirely different substances. 

4 

Colburn (5), by following Prandt1 1s analysis for heat transfer, 

developed the equation: 

where M is the mean molecular weight of the gas stream. m 
Gav is the average mass velocity of the gas stream based 

on the total cross sectional area of the empty bed 

(3) 

lb/hr .rt2 . The ari thmatic average of the mass velocities 

- just above and below the bed is used. 

f is the Fanning friction factor. 

r is the ratio of fluid velocity at boundary between laminar 

and eddy layers, to the average velocity of the main fluid 
vr 

stream = - • 
Vo 

,,y is the average viscosity of the gas film, lb/hr.ft. 

Dv is the diffusion coefficient of transferred gas through 

stagnant gas, ft2/hr. 

e is the density of the gas film through which the diffusing 

vapor is transported, lb./rt3. 

Then with the assumption that 



2/3 
1-r+r(~) c (~) env env (3A.) 

a diffusional fljd number" was defined by Chilton and Colburn (4): 

where 

j r= 
d 

k P"' M g J. m 
Gav 

Similarly for heat transfer 

j ,:: 
h 

h 
C G p 

f 
r= -2 

Gp is the constant pressure specific heat of the trans-

ferred gas Btu/lb.-r. 

k is the thermal conductivity of the transferred gas 

Btu/hr.ft20Jl'/ft. 

(4) 

(5) 

his the heat transfer coefficient between the surface and 

the fluid stream Btu/hr.ft2°F. 

These 11j numbers" are functions of Reynolds number. 

(5A) 

where dis the characteristic length dimension of the 

system and the fundamental relationships$ and~' 

depend upon the mechanical flow arrangement. 

Chilton and Colburn (4) showed that¢ and$' are numerically 

similar in the same apparatus for turbulent flow through a circular 

cylinder. However, these relationships do not necessarily hold for 

all types of apparatus, although jd is generally approximately equal 

to jh. 

5 
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Since equation (3A) is only an approximation at best, further 

consideration of this equation is useful. The velocity ratio, r, 

probably has a low value under conditions of high turbulence. There-

fore the Schmidt number is operated upon by a small exponent which 

fact must be considered for the proper correlation of mass transfer 

data. Consequently, a variable exponent on the Schmidt number may be 

necessary for the correlation of data taken from systems having dif-

ferent geometries. A review of the existing data seems to support this 

conjecture as discussed below. 

The following discussion briefly reviews previous investiga-

tions by other authors. The Schmidt number exponent may be defined 

by the following equation: 

G (/4A) 

where xis the Schmidt number exponent. 

Gamson, Thodos, and Hougen (7) and Wilke and Hougen (30) 

studied the rates of mass transfer of water vapor in "through cir-

culation drying" of beds of uniformly sized granular solids. The 

solids used were right circular cylinders with approximately equal 

heights and diameters and the individual pacldng sizes varied from 

1/8 to 3/4 inch for different beds. The results of these investiga-

tions are given in terms of mass transfer "ja. nurabers 11 against a 

modified Reynolds number in which the diameter term,¾>, is taken as 

the diameter of a sphere having the same surface area as the average 

particle in the bed. Taecker and Hougen (26) studied the effects of 



bed heights and size and shape factors of the individual particles. 

They found for spheres and cylinders, that the~ term adequately 

accounta for packing size, and that the equation of Gamson, Thodos, 

7 

and Hougen in the Reynolds number range investigated is valid for dif-

ferent bed heights. However, water was the only liquid evaporated in 

these three investigations, so that the choice of 2/3 for a Schmidt 

nu.mber exponent is open to question. 

Gilliland and Sherwood (9) measured the rate of evaporation of 

water and eight organic liquids in a one inch wetted wall column. Re-

arrangement of their correlation equation shows a 0.56 exponent on the 

Schmidt number as a function of the mass transfer "j number". 

Snoeberger (24) studied the evaporation of water, nitrobenzene, and 

bromobenzene from single cylinders into a flowing air stream and found 

a Schmidt number exponent of 0.54. The data of Lohrisch (14) for the 

absorption of water vapor onto sodium hydroxide cylinders agree with 

Snoeberger's data. 

Hobson and Thodos (13) investigated liquid film coefficients in 

a two inch diameter bed packed with 0.37 and 0.63 inch porous spheres. 

They reco:mrnended a quadratic function of log jd vs. log Reynolds number 

with a 2/3 exponent on the Schmidt number. A plot of their data (13) 

shows a regular deviation of isobutyl alcohol-water data from methyl 

ethyl ketone-water data. A 0.56 exponent on the Schmidt number would 

yield a straight line correlation of their data with the data of 

Hougen et al (7)(26)(30). However, wall effect differences may 

nullify the value of any single exponent. 
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Resnik and White (18) studied the effect of fluidizing the bed, 

and recom.~end a 0.1 exponent on the Schmidt number for these condi-

tions. They also made a brief study of stationary granular beds and 

found a particle size effect, which resulted in higher mass transfer 

coefficients for larger particles for the same Reynolds numbers. 

However, their naphthalene pellets were irregularly shaped and varied 

in size from 14 to 35 mesh, and their choice of basic data is 

questionable. 

The data of Mehta and Parekh (22) for the evaporation of flowing 

liquids from non porous pacldng indicate a 0.17 exponent on the dif-

fusivity, but the degree of wetting of the packing area may have varied 

with the four liquids used (water, methyl alcohol, benzene, and toluene). 

McA.dams, Pohlenz, and St. John (16) studied heat and mass 

transfer-from a bed similar to that of Mehta and Parekh and found end 

effects for both heat and mass transfer. However, they imply that not 

all of the packing area was available for mass transfer because near 

the bottom of the bed the liquid flowed to the periphery of the pack-

ing support and then dow the wall to the sump. 

Simldn (23), using the same apparatus as the present work, 

evaporated water, naphthalene, and para-dichlorobenzene into a flowing 

air stream in order to study the effect of diffusivity on the mass 

transfer coefficient. Inasmuch as Simkin 1s exponent of 0.38 was based 

on 27 points of data with two different particle sizes, and regular 

deviations from the fitted curve occw.1 for each substance (1.7% for 

water, 2.1% for naphthalene), and -8.0% for p-dichlorobenzene, it 
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would be desirable to have many more points, including data for other 

substances. 

The purpose of the present investigation is to supplement the 

existing data and determine a better Schmidt number exponent for gas 

phase transfer in granular beds, although it is to be emphasized that 

the best Schmidt number exponent will be determined only from a huge 

.mass of data on many different substances and several different ex-

perimental apparatus assemblies. It must be appreciated that the cor-

relation attempt rests upon but a semi-theoretical basis. Consequently, 

such methods of correlation indicate trends tha.t are sufficiently good 

for design purposes. It is too much to expect all experimental points 

to lie on a single curve instead of a band. 



EXPERIMENTAL 

Plan of Investigation: 

Constant velocity air streams were passed through water, 

aniline, and nitrobenzene-wetted celite cylinder beds and molded 

naphthalene cylinder beds at constant temperature. The beds were 

·weighed immediately before the run and again after a convenient time 

interval (3 to 20 minutes). The air stream temperatures approximated 

room temperatures (17°C-21°C). The air rates varied from 400 to 2000 

pounds per hour per square foot of superficial cross section, to give 

Reynolds numbers ranging from 370 to 2250. 

Equipment: 

The system as shovm in Figures 1 and 2, was used to transport 

air from a compressor (not shown) at the desired rate through the 

specimen section containin1:; the bed on which mass transfer studies 

were made. The essential items of equipment as shown in Figure l.are 

a pressure reducing valve, a surge tank, a rate regulating valve, an 

approximately square test section, and an orifice assembly. The 

heater and Deld10tinsky regulator shown with the equipment were in-

stalled for future work and were not used in these experiments. The 

thermocouple on the discharge side of the orifice was replaced with 

a thermometer. 

Except for the surge tank and the approximately square test 

section, the equipment was constructed from standard iron pipe and 

fittings. 
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PHOTOGRAPH OF EQUIPMENT 

Fig . 1 
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The reducing valve was a standard Cash type diaphragm reducer 

which reduced the air pressure from six pounds per squ-'lre inch to a 

pressure slightly above that required for the desired flow rate. Final 

adjustment of the flow rate was made continuously with a 3/4 inch 

globe v:ilve. The surge tank was a standard type steel drum of 44 

gallons capacity. The test section was constructed of 22 gage 

galvanized iron and had a 1/8 inch thick asbestos insulation. 

Straightening vanes made of seamless brass tubing with a 1/32 inch wall 

and 1/2 inch inside diameter were installed as shown in the equipment 

diagram. The orifice assembly was constructed of standard three inch 

iron pipe and a 1/16 inch thick stainless steel sharp edged orifice 

plate with a 0.5412 inch dia..-rneter according to the specifications in 

the A.S.M.E. publication, nFluid Meters" (6). A previous calibration 

of this orifice assembly with flowing water showed that the orifice 

coefficient, K, deviated less than one per cent from the values of K 

shoim in "Fluid :Meters". The published values of K for metering air, 

given on page 111, were therefore used in all calculations. 

The thermometers used for all temperature measurements were 

calibrated against a Bureau of Standards thermometer. These ther-

mometers were installed just below the bed and on the downstream side 

of the orifice. Temperatures were read to the nearest O.Ol°C since 

all thermometers were gradu1ted in tenths of a degree. 

Wet bulb wicks were made of clean muslin and were se-tm on the 

thermometers, covering an inch of stem in addition to the bulb. 

The tray holding the bed was made of 26 gage galvanized iron 



14 
with a 12 mesh copper screen at the bottom. The tray's dimensions 

were 1.97 inches by 2.26 inches with a 1.0 inch depth. A 1/4 inch 

horizontal lip extended completely around the top of the tray. The 

saddle in the test section on which the tray rested during the experi-

ments was assembled from brass angles. Strips of felt covered the 

surfaces of the angles on which the tray rested to prevent leakage of 

air under the tray lip during the experiments. 

The door in the test section was lined with sheet rubber to 

insure a tight fit with the frame and a strip of felt was glued 

horizontally across the door to fit against the tray lip and to pre-

vent air leakage. The door was clamped shut by a brass cross bar 

which was held in place by wing-nuts screwed on studs which were 

brazed to the outside wall of the test section. 

A chainomatic balance was used to weigh the bed before and 

after the runs. A 36 inch water U-tube manometer and a two inch 

draft gauge filled with Meriam Red Oil in conjunction with the orifice 

were used to measure the flow rate. A similar two inch draft gauge 

was used to measure the pressure drop through the bed and the pressure 

drop from the discha.rge side of the orifice to the atmosphere. A 12 

inch U-tube manometer filled with mercury and another one filled with 

water were used to measure the pressure drop from the bed to the 

atmosphere. 

H9. terials : 

The celite cylinders used for the gas phase mass transfer 

experiments on liquids are a form of catalyst carrier manufactured by 
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the Johns-Manville Corporation. Average heights and dia.i11eters were 

obtained from micrometer measurements of all the pellets. Cylinder 

properties are tabulated in Table X in the appendix. These pellets 

were soaked under vacuum with the liquid to be used for each series of 

runs. The soaking period lasted approY..imately twenty minutes. 

The aniline used for the experiments was the analytical reagent 

grade material purified by the }hllinckrodt Co. The nitrobenzene used 

was redistilled at atmospheric pressure from the Eastman grade 

material. The naphthalene was supplied on special order from the 

Eastman Kodak Company and was purified by recrystallization from 

alcohol by the company. Physical properties of all organic materials 

used are listed in Table XI. Distilled water was used for the water 

runs. 

The naphthalene solid cylinders were molded by heating the 

purified material to a temperature just above the melting point and 

pouring the liquid into a steel mold. After the liquid had frozen and 

cooled the excess material was scraped off the mold with a hot stain-

less steel spatula. The cylindrical pellets were then stamped out of 

the molds with a steel rod having a diameter 0.005 11 less than the 

mold. Initial average heights and diameters were obtained from 

micrometer measurements of 50 pellets. All 156 pellets were measured 

after the third and eighth run .. A new bed was used for the three 

highest velocity runs. A graph was made of the total surface area 

calculated from the average height and diameter measurements versus 

the total weight of the bed. The surface areas used in the 
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calculations were taken from this graph. The maximum decrease in bed 

area before heights and diameters were remeasured amounted to 2.7 per 

cent of the total original area. These surface areas are listed in 

the summary of calculations and in Table X. 

Procedure: 

The experimental procedure is divided into four divisions. 

(A) Preparation of Bed. 

The celite cylinders were soaked in the liquid to be used 

for approximately 20 minutes. The soaldng took place inside a vacuum 

desiccator which was evacuated by the house vacuum line. The pellets 

were then rolled in cheesecloth to remove the excess liquid from the 

surface and poured into the tray. The bed was tamped down until a 

fairly even bed height of approximately J/4 inch was obtained. 

(B) Measurements Preceeding the Run. 

In order to determine the humidity, density, and viscosity 

of the incoming air, wet and dry bulb temperature measurements were 

taken in the air stream just below the test section at the velocity of 

the run. For the relatively low velocity water and aniline runs, a 

radiation correction on the wet bulb temperature was Il13.de. Since the 

local air velocity past the surface of a pellet in the bed is much 

higher than the air velocity past a thin thermometer in place of the 

bed, and since the pellets see themselves, the surface temperature of 

the bed was taken as the true or thermodynamic wet bulb temperature, 

inasmuch as the process is assumed to be adiabatic. Since the maxi-

mum temperature depression with nitrobenzene was only O.J°C the bed 
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temperature was taken as the measured wet bulb temperature. Since 

the maximum wet bulb temperature depression with naphthalene was less 

than 0.1°C, it was neglected. 

(C) The Experiraental R1.111. 

The desired air rate -wa.s first established with the con-

trol valve and orifice meter. The bed was then placed in the air 

stream for approximately three minutes so that steady state conditions 

would be achieved. This assumption is not unreasonable inasmuch as 

the pellets were soaked in liquid very near the wet bulb temperature 

rather than room temperature and constant rate period had previously 

been established at several air velocities. After this pre-r1.111 the 

bed was removed and weighed within thirty seconds. A.fter weighing, 

the bed was quickly placed in the air stream. Placing the bed in the 

air stream and bolting the door took less than four seconds. The 

ti.i'ller was started as soon as the door was shut. During the progress 

of the run, the following measurements were read and recorded: 

t 2 - air temperature below the bed, 0 c 
t 02 - air temperature on d01-mstream side of the orifice, 

oa 

t.h0 - pressure drop across the orifice, inches of water 

t.h02_atm - pressure drop from downstream side of orifice 

to atmosphere, inches of water 

t.hb - pressure drop across bed, inches of water 

t.hb-atm - pressure drop from bed to atmosphere, inches of 

water or inches of mercury 
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After the desired time had elapsed, the door was opened and 

the bed was reweighed. For the water runs, wet and dry bulb tempera-

tures were measured irnrnediately after the bed was removed in order to 

check the previously measured values. Average humidities from these 

two sets of measurements were used in all water calculations. The 

barometric pressure was road between runs and the pressures were 

corrected to allow for expansion of the brass scale at temperatures 

above 0°C. 

(D) Miscellaneous. 

After each naphthalene run the top layer was removed 2.nd 

placed at the bottom of the bed and the other layers were dumped 

over the new bottom layer to form the higher layers. This procedure 

was followed so that over a munber of runs the cylinders would remain 

geometrically similar. For the aniline, nitrobenzene, and naphthalene 

runs, weights were recorded to the nearest 0.0001 gram, but for the 

water runs the nearest 0.001 gram was sufficient. 



CHOICE OF BASIC DATA 

In view or the wide discrepancies existing in the literature 

concerning such basic data as vapor pressures, dirfusivities, etc., 

the proper choice of data to use in the presentation or other 

research data often is difficult to make. For the present work, a 

knowledge of vapor pressures and diffusivities was necessary. A 

vapor pressure literature survey of the necessary basic data was con-

ducted prior to final choice of organic compounds. 

The only recently published values for the vapor pressure of 

aniline in the temperature range considered (15° - 19•) were the data 

or Gurevich and Sigalovskaya (15), who covered the range of 0-0 to 

55•c. Tho vapor pressure between 1s•c and 40-C can be represented by 

the following equations 

log 10P • 4.3936 - 673.63 
120+t (6) 

where pis the vapor pressure in mm. of mercury and tis the tempera-

ture in degrees centigrade. A comparison of the vapor pressures 

observed by Gurevich and Sigolovskaya, and vapor pressures calculated 

from equation (6) followss 

t-0 

P calc. (mm. Hg) 

P obs. (mm. Hg) 

15.00 

0.253 

0.254 

24.91 

0.556 

0.560 

34.90 

1.11 

1.11 

40.00 

1.52 

1.51 

The diffusivity for aniline-air was taken from the data. of Gilliland 

(8), who reported the value of 0.074 sq. cm./sec. at 25.9~ and one 

atmosphere pressure. 



Three references were considered for the vapor pressure of 

nitrobenzene. The data of Gurevich and Sig1.lovskaya (10) were 

20 

measured by an effusion method and were so low th::i.t the actual partial 

pressures of nitrobenzene in the effluent air stream in these experi-

ments as calculated from weight losses in the bed, were higher than 

the tabulated vapor pressures at the determined surface temperatures. 

On the other hand, the data of Bruclmer (3) were much too high for a 

reasonable correlation of the mass transfer data presented here. A 

dew point method ·was used by Puck and Wise (18) to determine the 

nitrobenzene vapor pressure at 25°0. Since the authors considered 

this method of determination far superior to earlier methods, an 

.Antoine type equation (29) was fitted to this single point and the 

boiling point to give the following equation: 

1703.7 
log10p = 7.036 - 200+t (7) 

The constant in the denominator (200) is lmmm as the Antoine con-

stant and, accordinz to the paper of Thomson (29), may be determined 

by the empirical equation: 

c = 240 - 0.19tB (8) 

where tB is the boiling point in degrees centigrade at one atmos-

phere pressure. The published values of the vapor pressure of 

na-:.phthalene at 25°0, as shown in Table I, constitute an example of 

disagreement of data determined by different investigators and 

different methods. 

The diffusivity of nitrobenzene-air was calculated from the 
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Arnold equation (22) with the empirical constant adjusted to fit ex-

perimental diffusivities of compounds similar to nitrobenzene. Thus, 

the Arnold equation, 
3/2 

0.00837 T (9) 

was changed to read 

where 

Dv = (l+ C)p (V 1/3 + V 1/3)2 
T 1 2 

sq. cm. 
Dv is the diffusivity sec. 

~\- ~, 

T is the absolute temperature °le. 

P is the total pressure, atmospheres. 

(9A) 

:lv1:J. and 1·12 are the molecular weights of components 1 and 2 

respectively. 

v1 and v2 are the molal volwnes of components 1 and 2 

respectively. 

C is the Sutherland constant, which is a rather complex 

function of molal volume and the geometric mean of the 

normal boiling points of the two components in °K. 

The empirical constant, 0.0789, was the arithmetrioal average of the 

values of the constant calculated from the published values of Dv for 

aniline (8), chlorobenzene, ortho chlorotoluene, metachlorotoluene, 

and parachlorotoluene (JJ+). By this method, the calculated diffusi-

vity of nitrobenzene-air was 0.0622 sq. cm./sec. 
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Different investigators lnve published widely divergent values 

for the vapor pressut'e of naphthalene. For the temperature range con-

sidered there are available the data of the followine; investigators: 

Sears and Hopke (21), Hinstrom and Kulp (33), Zil 1berman and 

Granovskaya (34), Andrews (1), Swan ::md M2ck (26), Thomas (28), 

Barker (2), and SchlTu~berger (20). Table I gives a brief SlUlJ.Dary 

of published data. 

The data of Zil 1ber:ma.n and Granovskaya (34) were used in the 

mss transfer calculations. These data were chosen because they 

fall near the middle of all considered data and, in addition, gave 

the best mass transfer correlation. For the calculation of the vapor 

pressure of naphthalene at intermediate temperatures the following 

equation of Zil'berman and Granovskaya was used: 

log10P = 10.3973 -
3429.03 
27J+t 

(11) 

The diffusion coefficient for the naphthalene-air system was 

taken from the data of M3.ck (31), who reported a value of 0.0611 

sq.cm./sec. at 25.0°C and one atmosphere total pressure. 
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30 

Table I 

VAPOR PRESSURE OF NAPHTHALENE (mm OF Hg) 

p(21) 

.0154* 

.0640 

.1640 

*extrapolated 

p(33) p(J4) p(l) p(26) p(28) p(2) p(20) 

.12 

.0192 .013 .0174 .0178 .0305 .021 

.0494 .011-l .0648 .0512 .0645 .054 

.1200 .119 .1770 .1370 .1630 .113 



CORRELA.TIOU OF DATA 

Experimental data are stLimnarized in Tables II through IX 

uith the Sl11!1'11aries of calculations. The procedure for development 

of the general correlation was as follows: 

1. The data were plotted as 

logarithmic graph paper as presented in Figures J through 5. 
2. A best straight line was drmm by eye through the res-

pective points for ench packing size and substance evaporated . 

.3. Colburn numbers were read from each straight line at 

Reynolds number values of 500, 1000, and 1500. 

4. These Colburn numbers at constant Reynolds munbers were 

plotted versus Schmidt numbers on logarithmic graph paper as shmm 

in Figure 6 for a constant Reynolds number of 1000. 

5. The arithmatic average of the slopes of the three plots 

of log Colburn nu.rnber versus log Schmidt number was determined and 

used as the Schmidt number e:1.1Jonent in equation 14. 

Schmidt nu.rnber exponents were determined separately for each 

packing size. However, the limited data presented herein are com-

bined to yield only a single Schmidt nu.1;1ber exponent in equation 15. 

Less weight was given to the aniline data for the Schmidt number 

exponent determinn.tion since the v:1.por pressures of aniline are nore 

uncertain than tho vapor pressures of i;,.1ater, ni trobenzene, and 

naphthalene. The data on paradichlorobenzene, as determined by 
I 

Simkin (21+), were completely disregarded because of the large un-

certainty of packing area and vapor pressure. 
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DISCUSSION OF RESULTS 

When combined wi t!1 the data of Simldn (24) on 5/32 inch 

naphthalene packing, the present granular bed data indicate that a 

Schmidt number exponent which varies with packing size is necessary 

for the best correlation of mass transfer data from small beds. The 

correlations of these data indicate Schmidt nwnber exponents of 0.26 
for the 1/6 inch packing and 0.45 for the 9/32 inch packing. For 

these separate correlations the data from the 1/L.,. inch naphthalene 

packing were included with the data of the 9/32 inch packing. 

Since these mass transfer data from only two different 

packing sizes are insufficient for a completely new correlation, they 

are combined to yield a single Schmidt num.ber exponent of 0.36. 
Thus, the correlation of these data yields the following equ.1.tion: 

j t = 
d 

kg l·~ pf O. 36 ( /A G ) - • 36 - ( f!_ ) = o.69 -11 
Gav --v 

(12) 

for a Reynold's number range of JOO to 2200. Equation (12) is shovm 

as the solid line of Figure 7. 

Since Gamson, Thodos, and Hougen evaporated only water from 

granular beds, and since the Schmidt number varied only 

from o.61 to o.62, their correlation equation may be rewritten with 

the same Schm..tdt number exponent as equation (12). 

j' = 
d 

/AG -.41 
= 1.452 (-) ,,t/ (13) 



Jl 

Equation (13) is the recomrnended design equation for spheres and 

cylinders in relatively laree bods. Equation (13) is shown in Figure 

(7) as the dashed line at modified Reynold's numbers above. 620. This 

equation is applicable for modified Reynold's numbers of JOO to 2200 

and may extend to higher Reynold's numbers but the data of Wilke and 

Hougen shou that another equation will apply at lower Reynold's 

numbers. 

The complete data of the present investigation were not used 

for the reco~nmended design eqU:'ltion because the jJ numbers for water 

lay approximately JO% below those of Hougen et al (7)(27)(31). It 

is postulated that this difference is due to wall effects since the 

present research was carried out with a much smJ.ller bed than th:lt 

of Hougen et al. The difference of modified Reynold's nuJnber ex-

ponents as found on the two beds is another indication of wall 

effect. Data from this small bed indic::tte a Reynold's number ex-

ponent of -0.36 while data from the large Wisconsin beds indicate a 

Reynold I s number 8J,,."}JOnent of -0 .L,l. Since practical use of this 

design equation 1,1ill usually be made on reb.tively large beds the 

-0 .!+l Reynold I s number e::-.1.Jonent was used. If, on the small bed, 

the air stream chani.vieled around the walls at low mass velocities, a 

smaller amount of water would be e,aporated from the central section 

of the bed away from the walls than would be evaporated if channel-

ling did not occur. However, at hiGh ;nass velocities, relatively 

more air would be forced through the center of the bed, resulting in 

relatively high m:::.ss transfer coefficients. The net effect would be 
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a decrease in the dependence of the jd number on the Reynold's number, 

as was found. 

The indication of a variable Schmidt number exponent is not 

unique with these data. Wilke•s recalculation (32) of Snoeberger's 

data on the evaporation of liquids from a single cylinder shows the 

same phenomenon. This new correlation on sinele cylinders shows a 

0.56 Schmidt number exponent at low mass velocities :1nd a 0.43 ex-

ponent at high mass velocities. It is quite possible that the 

Schmidt nTu'llber exponent is itself a function of the Schmidt number 

as, for example, the effect of Reynold I s m:unber on the friction 

factor, f, is itself a function of Reynold's nuraber. The compari-

son of Schmidt nuraber exponents for uetted wall columns, (0.56), 

and fluidized beds, (0.1), also supports the hypothesis of low 

Schmidt number exponents under conditions of high turbulence and high 

exponents under conditions of lou turbulence. 

In the Prandtl analogy extended by Colburn to granular beds 

the velocity ratio, r, should not depend as much on the Reynold's 

nuraber in the range considered as it should depend on the geometry 

of the system. Since it has been shown that a high degree of 

turbulence will result in a low exponent on the Schmidt number, data 

on larger beds or smaller particles should correlate better with a 

low Schmidt number exponent since the degree of turbulence would be 

higher. In line with this reasoning, the data of Mehta and Parekh 

as published by Sherwood and Holloway (23) do not seem unreasonable. 

Although their use of flowing liquids over non-porous packing is 
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open to criticism because of non-uniform wettin!J of the packing and 

spray and end effects, their correlation with a 0.17 exponent on the 

diffusivity at least qualitatively agrees with this turbulence effect 

since their packed bed was larger than the bed used here. 

The maximum deviation from the best line through all the data 

reported in this investigation was 22% and the average deviation was 

7 .8%. In view of the uncertainty of the vapor presmrre data, 

particularly on aniline, these deviations could possibly be smaller 

if more reliable data were a,vailable. 

Recommendations 

For further research on this problem it is reco:mnended that: 

(1) the wall and turbulence effects be determined on dif-

ferent sized beds and particles by the determination of 

Schmidt ml1llber exponent and subsequent correlation, 

(2) other substances be studied, 

(3) a dried air supply be used to allow the use of water 

soluble liquids, and 

(4) that vapor pressures and diffusivities be determined 

more accm~ately. 
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A. 

Av 

NOME:NCIATURE 

= total surface area of packing, ft. 2 

= square root of surface area of a single pellet, ft. 
2 orifice area, ft. 

= cross sectional area of bed, ft. 2 

= surface area of pac1dng per unit bulk volu.rne ft.2/ft) 

(Col) = kg Pr M:m = Colburn nwnber, d.im.ensionless 
Gav 

C = specific heat of air stream, Btu/lb.°F. p 
c = constant in Antoine equation, 0 c. 
DM = molal diffusivity lb. ~ol./hr.ft. 

Dv = diffusion coefficient, ft. 2/hr. 

d = characteristic length dimension of a system, ft. 
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= diameter of a sphere having equivalent surface area to that 

of a cylinder, ft. 

f = Fanning friction factor, dimensionless. 

G = mass velocity of gas stream, lb./hr.ft. 2 

Gav = arithmatic average of mass velocities above and below packed 

bed, lb/hr. per square foot of bed area. 

Gi = mass velocity of inert gases, lb./hr.ft.2 

G0 = mass velocity at the orifice, lb./hr./ft.2 

gc = conversion factor in Newton 1s law. 

H = humidity, lb.vapor/lb.dry air or gr. vapor/lb. dry air. 

H8 = humidity of gas stream in equilibrium with a wetted surface 

lb. vapor/lb. dry air. 

h = heat transfer coefficient, Btu/hr.ft.2°F. 



Ahbed = pressure drop across the bed, inches of water. 

Ahd = pressure drop from dmmstream orifice tap to atmosphere, 

inches of water. 

Ah0 = pressure drop across orifice, inches of water. 

Ah02 == pressure drop from downstream orifice tap to atmosphere, 

inches of water. 
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Ah1 = pressure drop from entrance to bed to the atmosphere, inches 

of water or mm of Hg. 

Ah2 = pressure drop from exit from bed to the atmosphere, inches 

of water or Il1I1 of Hg. 

jd = mass transfer modulus, dimensionless; the j nu_mbers used are 

defined as: 

h C 11 2/3 
jh = - (...E,__) = heat transfer modulus, dL'11ensionless. Op G k 

K = orifice flo11 coefficient, dL'11ensionless. 

k = thermal conductivity, Btu/hr.ft.2 °F/ft. 

k1 = mass transfer coefficient defined by R0 = k' A (Hs - H) 

kg = mass transfer coefficient, lb.mol./hr.ft.2 atm. 

k 1 = mass transfer coefficient, lb.mol./hr.ft.2 mm Hg. g 
M = molecular weight of diffusing vapor, lb./lb.mol. 
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c arithmatic mean molecular weight of air across mass transfer 

zone, lb./lb.mol. 

NA c molal rate of transport of vapor A per unit time per unit 

area normal to direction of transport, lb. mol./hr.ft. 2 

n c number of pellets. 

Pf = arith.111atic mean partial pressure of inert gas across the 

gas film, atrn. or mm Hg. 

p = partial pressure, mm Hg. 

Ps 

Re 

r 

Sc 

T 

t 

= partial pressure of vapor at packing surface, mm Hg. 

= partial pressure of vapor above the bed, mr.1 Hg. 

::: partial pressure of vapor below the bed, mm Hg. 

::: partial pressure driving force above the bed, Ps-P1, mm Hg. 

::: partial pressure driving force below the bed, Ps-P2, mm Hg. 

== logarithmic mean partial pressure driving force across 

mass transfer zone, nnn Hg. 

= rate of mass transfer, lb/hr. 

=({AG)= Reynold's number, dimensionless. 
.1f 

= ratio of fluid velocity at boundary between laminar and 

eddy layer, to the velocity of the main fluid stream, 

dimensionless. 

= ( {nv )f = Schmidt number, dimensionless. 

= absolute temperature, °IC. 

= temperature, °C or °F. 

= dry bulb temperature above the bed, °C or °F. 
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td02 c dry bulb temperature at the downstream side of the orifice, 

-V 

w 

X 

y 

e 

'if 

0 G or °F. 

= wet bulb tempera tw.~e, 0 c or °F. 

= dry bulb ter;1perature above the bed, 0 c or °F. 

= dry bulb temperature below the bed, 0 G or °F. 

= t 1-t2, °C or °F. 

= specific volume, ft.3/lb. 

= weight of bed and wet pellets before a rU11, grams. 

= weight of bed and wet pellets after a run, grams. 

= loss in weight, lb. 

= film thiclmess, ft. 

= expansion factor used in orifice calculation, d:L'1lensionless. 

= ratio of orifice diameter to inside diameter of pipe. 

= tL'1le interval, minutes. 

= heat of vaporization, Btu/lb. 

= viscosity, lb./hr.ft. 

= total static pressure, lb./ft.2 or mm Hg. 

= atmospheric pressure, lb./ft.2 or mm Hg. 

= pressure on upstrerun side of orifice, lb./ft.2 

= pressure on downstream side of orifice, lb./ft.2 

= pressure drop across the bed, lb/ft. 2 or mm Hg. 

= pressure drop from do,mstream orifice tap to atmosphere 

lb./ft. 2 or :m.m Hg. 

= pressure drop across orifice, lb./ft.2 or mm Hg. 

= pressure drop from entrance to bed to the atmosphere, 
lb./ft.2 or mm Hg. 

= density, lb./ft.3 



Subscripts : 

av refers to arithmatic average of quantity between values 

above and below the bed. 

calc refers to a calculated rather than a measured value. 
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f refers to arithma.tic average value or quantity in gas film. 

0 

1 

2 

- refers 

- refers 

- refers 

to value 

to value 

to value 

or quantity at orifice. 

or q1.mntity at entrance to bed. 

or quantity at exit from bed. 
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Sample Calculations 

The complete method of calculation of Colburn and modified 

Reynold's mr.rnbers is Given in detail with run number 40 (water 

vaporized) as an exEtmple, modifications necessary for organic compounds 

are described, and finally the values of h/kg for aniline are evaluated 

so that the aniline bed temperatures may be determined. 

(1) Steady State (Constant Rate Period) Rate of Mass Transfer 

= = 0.0601 lb./hr. e 
(2) Air Stream Properties 

Air viscosities were obtained from charts compiled by 

Gamson (7A) and Thodos (7B) and, in the temperature and humidity range 

considered, may be approxirnated by the equation, 

,,.y = 0.4192 - 0.000108 t, 

where ,,Af has the units of lb./hr.ft. and t is in degrees centigrade. 

(a) M.:~ss Velocity 

as formulated in "Fluid Meters" (6) 

)1/2 G0 = KY (2 gc fol llrr0 

Values of the compressibility factor, Y, may be read in this 

publication frcm the graph of Y vs. the ratio of static pressures, 

n
02

/rr01 • Values of the orifice constant, K, are given in tables 

against the Reynold's number value in order to evaluate K. The 

parameter,~, appearing on the face of the graph and the table 

mentioned above is the ratio of the orifice diameter to the pipe 

diameter. 



The calculation follows: 

= 0.5312/3.068 = 0.173 

Re0 = 18,000 assumed 

K = o.6o4 

6rrd = 6hd x 5.20 = 0.28 x 5.20 = 1.456 lb./ft.2 

6rr0 = Ah0 x 5.20 = 2.65 x 5.20 = 13.78 lb./ft.2 

rrb = 756.2 mm Hg.= 2106.2 lb./ft.2 

rr 02 = rrb +Aud= 2107.7 lb./ft.2 

rr01 = rr02 + 6u0 = 2121.5 lb./ft.2 

u 2/rr = 2107 • 7 = O 9935 0 ol 2121.5 • 
Y == 0.996 
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From the wet and dry bulb temperatures, and the total pressure 

at the orifice an approximate humidity is determined from the Carrier 

Psychrometric Chart (30). 

td = 61.2l°F, t = 49.86°F, rr l = 2107 lb./ft.2 
W 0 

H0 = .00510 lb. water vapor/lb. dry air. 

and the specific volume, V = 13.22 ft.3/lb. 
\ 

fo1 = -v1 = _l.__ = 0.0757 lb./ft.3 
. 13.22 

,# 0 = 0.04385 lb./hr .ft. 

G0 = (00604)(.996) 2gc (.0757)(13.780}/2 

and Re0 

= 17,747 lb./hr.ft.2 

= = (9,5,412) (17,747) 
0.04385 = 17,800 

The value assumed was sufficiently correct. 



(b) Humidities and Partial Pressures. 

= 17,747 = 17 603 
1 + 0.0051 ' 

lb. dry.air 
hr. ft. 2 

tdl = 64.60°F, \rl = 47.00°F, V = Q = 196 ft./min. 
tw - ts 

from Fig. 1 in Hile I s paper, (30), t \. 
d - r 

and t 8 = 46.400]' = 8.oo 0 c 
H1 = 18.9 gr./lb. 
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= 0.034 

Hi nmst now be corrected for total pressure from the table of correc-

tions with the Carrier Psychrometric Chart. 

and corrected wet bulb temperature, 

H1 becomes 18.8 gr./lb. or 0.00268 

= 0.00490 

p = 
1 

lb. water 
lb. dry air 

t 8 , = 11-6 .400f. 

lb, water 
lb. dry air 

(17,603)(.00154) 

u2 = u1 - ~ub = 762.2 - 0.45 = 761.8 mm Hg. 

H2 u2 = 5.97 mm Hg. 

(c) Log Mean Partial Pressure Difference 

The surface temperature of the solid ·was assumed equal 

to the true wet bulb temperature. 



ts = 8.oo 0 c 

ps = 8.045 mm Hg. 

(ps-P1) - (Ps-P2) (8.045-3.28)-(8.045-5.97) 
-------= 

1n Ps-Pl 
Ps-P2 

= 3.24 mm Hg. 

1n 
2.08 

(3) Calculation of Dimensionless Groups 

G = Go Ao _ (17,711.7) (0.00154L = 881 6 lb. 
2 At - (0.0310) • • 2 

G = G -1 2 
R 
...£ = 8$0 lb./hr.ft.2 
At 

G = 880.8 lb./hr.ft.2 
av 

at Hav = .00379, and tav = 61.46°F 

.#av= 0.0439 lb./hr.ft. 

(0.04926) ~880.81 = 998 
( .0439 

Tot~l area of pellets= 0.361 ft. 2 

hr.ft. 
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k = g 
__ ,__R_,c,__ __ = 0.0601 760 ==2 173 lb. mol. . 

18 A ~P1m 18 0.361 (3.24) • hr.ft.2atm. 
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(4) Modif'ications for Orge.ni c Compounds 

In general the same method of calculation was used for the 

determination with organic compounds, taking into account the cor-

responding chances in molecular weights and the absence of organic 

vapors in the influent air stream. Another modification considered 

was the change in bed temperature from top to bottom for substances 

other than water. This change was calculated for the aniline and 

large nitrobenzene pellets and is included in the summary of calcu-

lations as t 81 and ts2. However, since the wet bulb depressions were 

small, the differences in ,surflace temperatures were negligible and 

were not calculated for the small nitrobenzene pellets. The very 

small concentration of organic vapors in the gas film and the in.a.in 

gas strea,'11 uere assumed to have negligible effect on the molecular 

weight, density, viscosity, and heat capacity of the gas film con-

sidered to be pure air. 

After the aniline runs had been finished six different 

determinations of wet bulb depressions were made with an aniline-

wet bulb. 

With h 
0 

== 8 inches water 

td C 27 .20°c (corrected to standard thermometer) 

t C 26.01°c w 
The heat o:f vaporization of aniline is calculated from the 

Clausius-Clapeyron equaiion. 

and 

d(ln p) 
d T 

-A 
,:: 

1n p = (2.3030)(4.3936) - (2 • .30.3) (673.6) 
T - 153 



H ::: s 

and 
h 
- == k' 

A becomes 12,880 cal./mole. 

== 249.7 Btu/lb. 

From the vapor press~u~e equation, (6), 

at tw = 26.01°c p8 = o.6034 mm of Hg., 

the saturation humidity, 
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0.603 93.1 = 0.002535 lb. aniline/lb.air 
(766.2-0.6 (29 

(21r9.7) (0.002535) 
(1.8). (1.19) = 0.295 

The limiting value of h/k at high velocities, as determined by 

extrapolation, is found to be approximately 0.245. Since this limiting 

value of h/k1 is based on questionable vapor pressures of aniline, its 

use is intended only for the calculation of surface temperatures for 

all aniline runs reported here. The use of this h/k1 value for other 

systems or other conditions may easily lead to erroneous results. 
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Table II 

SUMHARY OF CALCULATIONS FOR AIJILTIJE (9/32 mcH PACKmGl 

Run L:lho t.hd tin d rro Trb Tfb 'TT02 rrol 

1. 0.60 0.11 0.57 3.12 755.8 2105 2106 2.109 

2. 1.00 0.21 1.09 5.20 755.S 2105 2106 2111 

3. 1.50 0.33 1.72 7.80 755.8 2105 2107 2113 

L.,,. 1.90 0.43 2.24 9.88 757.5 2109 2111 2121 

5. 3.05 0.70 3.64 15.86 757.0 2108 2112 2128 

6. 4.10 0.95 /1-.94 21.32 757.8 2110 2115 2131 

7. 5.05 1.20 6.24 26.26 757.3 2109 2115 2111.2 

(} o. 6.05 1.45 7.54 31.46 756.1 2105 2113 2W+ 

a 6.0/,. 1.45 7.54 31.41 753.2 2097 2105 2136 
/. 

10. 8.00 1.95 10.19 41.60 753.6 2098 2108 2150 

11. 8.05 1.92 9.98 /4.1.86 753.1 2097 2107 2149 

12. 10.05 2.35 12.22 52.26 757.2 2108 2120 2172 

13. 12.05 2.75 1/4 .. 30 62.66 757.2 2108 2122 2185 

14- 14.05 3.25 16.90 TJ.06 757.2 2108 2125 2198 

15. 14.05 3.35 17.42 73.06 753.0 2097 2114 2187 
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SUMlIA.B.Y OF CALCUIATIOUS FOR AHIJ.,TIJE (9/32 DICH PACKING) (continued) 

Run y Hl tdo2 V <'01 Jfo Re 0 K 

1. .9996 21.0 59.05 13.12 .07622 .0431+ 866 .613 

') ,_. .9993 21.0 59.00 13.13 .07616 .Ol,.34 1122 .609 

,, 
.) . .9991 21.0 59.30 13 .111- .07610 .011-311- 1372 .607 

4. .9986 31.5 65.00 13.32 .07508 .01+37 1522 .606 

5. .9978 39.9 65.60 13.36 .07/,.85 .0437 1900 .604 

6. .9977 27 .3 63.70 13.27 .07536 .0436 2230 .602 

7. .9963 35.7 65.65 13.34 .0711-96 .OL,,,37 21:-60 .603 

8. .9956 31.3 61.20 13.23 .07550 .01,.35 2705 .601. 

9. .9956 26.6 61.45 13.22 .0756/1- .OL,,,35 2704 .601 

10. . 9911-2 21.1 58.60 13.13 .07616 .0434 3140 .600 

11. .9942 26.2 61.11+ 13.21 .07570 .0435 3140 .601 

12. .9929 23.7 61.20 13.22 .07564 .0435 3532 .600 

13. .9915 28.1 61.50 13.22 .07564 .Oli.35 3800 .599 

14. .9901 27.6 61.70 13.22 .07564 .ot,35 4090 .599 

15. .9901 25.7 60.66 13.19 .07582 .0438 4075 .599 
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SID1M£lRY OF CALCUIATIOIJS FOR ANILINE, (9/.32 INCH PACKING) (continued) 

Run Go w wt e R 10 ilh flu Tr p2 C 2 2 2 2 

1. 862 82.01+30 81.4435 12.0 6618 4:)83 o.85 1.60 757.4 .1175 

2. 1102 81.349 80.722 10.0 8299 LJ388 1.36 2.54 758.3 .1154 

3. 1346 82.030 81.354 9o0 9940 LJ500 1.92 3.95 759.4 .1135 

4. 1500 81.434 80.054 13.0 1406 6JJ92 2.1,,.2 4.52 762.0 .1446 

5. 1870 79.,869 78.621 10.0 1652 5.736 2.70 5.04 762.0 .1.361 

6. 2196 81.244 79.945 10.0 1719 5D85 4.86 9.10 766.o .1213 

7. 2429 80.462 79.046 10.0 1874 5.008 6.10 P.1.40 768.o .1198 

8. 2639 79.11-28 78.160 10.0 1678 4.145 7.50 P-4.00 770.0 .0994 

9. 2638 81 . .310 80.030 10.0 1694 4J.62 7.51 [].L;,.00 767.0 .0994 

10. .3062 80.588 77.887 20.0 178.3 3.778 9.60 0.7.92 771.5 .0907 

11. 3062 81.427 80.438 7.0 1870 3.962 9.84 0.8 • .38 771.5 .0952 

12. 3468 81.269 79.721 10.0 2049 3S95 rt,2.14 ~2.70 779.9 .0946 

13. .3730 81.175 79.595 10.0 2091 3£11 r/4. 73 t7.50 784.7 .0883 

14. 11-020 80.984 79.220 10.0 2335 3.773 tL 7.16 132.00 789.2 .0927 

15. 4025 81.384 80.575 5.0 2142 3/,,55 17.54 32.75 785.8 .0846 
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Sm:J::IA.RY OF CALCUL.\.'.L'IOHS FOR .A.HILINE (9h2 TITCH PACKTIJG) (continued) 

Run t tdl-ts t Ps l:.p':) t.plm Gav -ff..G 
dJ. s ,;, V 

1. 15.61 .95 lll-.66 .245 .128 .180 /-i,28 /,,_79 

2. 15.26 ..93 14.33 .239 .124 .175 538 607 

3. 15 .ll-J .9/l- 111 .• 49 .2/i,3 .130 .180 669 7/l-9 

!,.-. 18.95 1.22 17.73 .318 .173 .236 7LJ,5 828 

5. 19.14 l.?-4 17.90 .323 .11;7 . 248 929 1032 

6. 18.0/,.- 1.21 16.90 .297 .175 .223 1091 1238 

7. 18.86 1.21 17.65 . .316 .193 . 248 1207 13/;.2 

8. 16.58 1.01 15.57 .266 .167 .210 1311 1465 

a 
/. 16.56 1.01 15.55 .265 • .166 .209 . 1311 ll-1-65 

10. 14.97 .89 14.08 .23/i- .w,.- .ISL, 1521 1707 
'· 

11. 16.47 1.00 15 .1+7 .263 .168 .209 1521 1701 

12. 16.23 .97 15.26 .259 .16/;. .205 1698 1899 

13. 16.38 90 
• v 15.40 .261 .174 .211 1853 2072 

14. 16.60 aa . / / 15.59 .266 .173 .214 1997 2:232 

15. 16.20 .96 15 .2/i, .258 .1711- .209 2000 2237 
•.•.· 



53 

SUH11ti .. RY O:r!' CALCULi~TIONS ~,'OR AlULilTE (9/32 IlJCH PACI:IlJG) (continued) 

Run 1r lltr1 Pr Kg Pf Hm (Col)Sc. .Li.5 
jd ~'-g TTl 

Gav 

1. .828 1.7 757.5 757.3 0.0557 0.0761 0.0711-0 

2. 1.068 2.7 758.5 758.2 0.0563 0.0773 0.0711-8 

3. 1.211-6 3.8 759.6 759.3 0.05.37 0.0739 0.0713 

11-o 1.31,.2 l,.8 762.3 760.0 0.0521 0.0683 0.0692 

5. 1.502 5.6 762.6 762.1 0.011-67 0.0628 0.0620 
/ 1.700 9.8 767.6 766.6 0 .G/1-53 0.0609 0.0602 o. 

7. 1.703 12.1 769 ./4. 768.5 0 .0/4.12 0.0559 0.0547 

s. 1.800 770.9 770 . .3 0.0402 O .0511-7 0 .053!1-

9. 1.827 11}.8 768.0 767 . .3 0 .01,06 0.0555 0.0539 

10. 2.180 19.2 772.8 771.9 0.01,20 0.0567 0.0558 

11. 2.020 19.3 772.L;, 771.8 0.0389 0.0530 0.0517 

12. 2.250 23.9 781.1 780 . .3 0.039/,. 0.0540 0.0523 

13. 2.230 ~29 .o 786.2 785.2 0 .0360 0.01,.92 0.0478 

1/,.. 2.11-60 31,..3 791.5 790.0 0.0332 0.01:.53 0 .0/4,41 

15. 2.310 J/,..1 787.1 787.5 0.0311 0.0426 0 .0/4.13 

( ..!L) = 2.20 
f Dv f 
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Table III 

h 
SUHHARY OF -l•t CALCDLAT IONS POR AlHLIITE '• 

ho td \,, td-\v ,\ Ps Tf2 H,... 
0 

h/k 1 

1.0 28.28 23.15 1.13 247.6 .703 750.6 0.00302 .367 
1.9 28.09 26.97 1.12 24f1.o .6Li-63 752.6 0.002767 .Jl+O 

4.0 27.55 26.39 1.16 249.0 .620 757.2 O .00261~2 .Jl5 
8.0 27.20 26.01 1.19 2L,9. 7 .6034 766.2 0.00254 .296 

10.0 26.72 25.55 1.17 250.5 .583 770.8 O .OO?M, .2905 
14.0 26.)+4 25.27 1.17 251. .571 780.4 0.002355 .281 
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Table IV 

SU1'J:t.'[{\.ff( OF CALCUL,\'l'IOlJS POR HITROBEITZ~:l'fE (9/32 men PACKIHG) 

Run L'.lh0 tihd brrd Lirr 0 T,b Tfb IT02 Tl'Ol 

16. 0.60 0.22 l.llL:- 3.12 752.7 2096 2097 2100 

17. 1.00 0.32 1.661:- 5.20 752.6 2096 2097 2102 

18. 1.50 0.48 2./,,96 7.80 752.8 2096 2099 2106 

19. 1.90 o.65 3.380 9.88 753.1 2097 2100 2110 

20. 2.50 0.71 J.692 13.00 752.9 2096 2100 2113 

21. 3.05 0.79 4.108 15.86 753.0 2097 2101 2117 

22. 3.05 0.90 1,.680 15.86 752.8 2096 2101 2117 

23. /4, .05 1.08 5.616 21.06 752.8 2096 2102 2123 

24. 5.05 1.31 6.812 26.26 753.2 2097 2104 2130 

25. 6.05 1.52 7 .90,~ 31.L:-6 753.3 2098 2106 2137 

26. 8.05 1.95 10.140 41.G6 754.0 2100 2110 2152 

27. 10.05 2.40 12.1,,80 52.26 754.0 2100 2113 2165 

28. 10.05 2.1:-5 12. 71:-0 52.26 753.1 2097 2110 2162 

29. 12.05 2.80 11-i-.560 62.66 754.0 2100 2115 2177 

JO. 1/4 .• 35 3.02 15.704 71,.,.62 754.0 2100 2115 2190 

31. ll+.35 3 .0/4, 15.808 74.62 753.9 2099 2115 2189 



Run y 

16. .9996 

17. .9993 

18. .9989 

19. .9986 

20. .9982 

21. .9978 

22. .9978 

23. .9970 

24. .9963 

25. .9956 

26. .991,-2 

27. .9928 

2(} u. .9928 

;29. . 9~:lli-

30. .9399 

31. .9899 

SU1'1HARY OF CALCULA'l'IOHS FOR NI'l'ROBENZENE 
{9/32 INCH PACEING) {contim1.od) 

Hl t do2 V fo1 .#o 

27.0 61,.l+ 1.3.29 .07520 .OL1-.37 

26.5 65.2 13.28 .07530 .OL:-36 

27.6 64.5 13.29 .07570 .0437 

28.l 65.7 13.32 .07508 .OL,37 

30.1 62.2 13.25 .075/1,7 .Ol,.35 

31.0 61.3 13.23 .07559 .04.35 

29.2 6:,2 13.211- .07553 .Ol,J5 

28 . .3 62.0 1.3.23 .07559 .0435 

28.6 64.7 13.30 .Q7519 .o!,37 

29.1 63.8 13.28 .07530 .01+36 

28.2 65.7 1.3.33 ,07501 .01,,37 

28.2 65.8 13.33 .07501 .0437 

31.8 60.8 13.22 .0756/, .0435 

23.2 65.2 13.33 .07501 .04.37 

28.2 / .., ,., 
b;; •-' 13.28 .07530 .0436 

27.7 6.3.3 13.27 .07536 .011.36 
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Ro 0 K 

872 • 613 

1108 .612 

1360 .607 

1527 .606 

1756 .604 

1938 .604 

1938 .604 

2227 .602 

21+62 .602 

2695 .601 

3090 .600 

JM,7 ,600 

35.30 ,600 

3806 ,600 

/1,170 •599 

/,170 .599 



Run Go 

16. 859 

17. 1098 

l ,·, o. 1311-2 

19. 1503 

20. 1722 

21. 1900 

22. 1900 

23. 2192 

21;.. 21;.22 

25. 2653 

26. 3052 

27. 3400 

28. 3415 

29. 3716 

30. 4053 

31. 4054 

Sul11li\llY OF GALCULATIOHS Foa NI'l'EOBEIJZT~NE 
(9/32 INCH PA.CEING)(continued) 

1,,r w' Q R C 1a4 H 2 

85. 961 .. 7 85.11-311-0 12.0 .05854 L1- ./4.28 

85.9783 85.L;.659 10.0 .06782 4.013 

85.8144 85.2389 10.0 .07627 3.697 

85. 926,/4. 85.1698 12.0 .08345 3.600 

85.9189 85.1132 12.0 .08887 3 .3Li-9 

85.l+/+10 84.7654 10.0 .08942 3.054 

85.8329 85.0986 10.0 .09719 3.319 

85.7347 84.911+7 10.0 .10850 3.212 

85.5220 8l+.6142 10.0 .12020 3.218 

85.3785 84.4507 10.0 .12280 3.010 

85.5832 84. 5370 10.0 .13800 2.939 

85.4879 8/..-2032 10.0 .17000 3.21,4 

85.5387 84.9353 6.o .13310 2.530 

85.1+380 811-.1728 10.0 .16750 2.924 

85.5835 SL,.91,00 5.0 .17030 2.728 

84.9402 84.0252 7.0 .17300 2.768 
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b.h2 C.1i 2 

1.4.0 2.62 

1.1 .. 0 2.62 

2.00 3.71+ 

2.42 l+.52 

3.12 5.83 

3.75 7.00 

3.76 7.02 

5.00 9.35 

6.20 11.60 

7.60 lLi-.20 

9.63 18.00 

12.JO 23.00 

12.Li-O 23.00 

15.00 28.00 

18.00 33.60 

18.00 33.60 



Run Tf 2 
. 
16. 755.3 

17. 755.4 

18. 756.5 

19. 757.6 

20. 758.7 

21. 760.0 

22. 759.8 

23. 762.1 

?.L,. 764.fJ 

25. 767.5 

26. 772.0 

27. 777.0 

28. 776.l 

29. 782.0 

30. 787.6 

31. 737.5 

SUl:ITIP,.RY OF CALCUL\TIONS FOR NITROBENZENE 

9 '"'2 mcH FACICilIG continued 

P2 tdJ. t -t ts ell sl 1 

.07878 18.ll-9 .22 18.27 

.07140 18.36 .22 18.ll+ 

.08710 18.42 .23 18.19 

.06421+ 18. 71, .23 18.51 

.05986 17.16 .22 16. 911-

.0511-68 16.55 .21 16.34 

.05941 17.00 .22 16.94 

.05767 16.93 .23 16.70 

.05798 18.40 .25 18.15 

.0544,2 18.00 .25 17.75 

.05570 18.73 .28 J.8.45 

.05939 18.78 .29 18.lt9 

.046?--4 16.12 .26 15.86 

.05388 18.66 .31 18 . .35 

.05063 17.41 . .30 17.11 

.05136 17.50 .30 17.20 
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Ps1 tr:, 
"-

.1701 18.J.,4 

.1686 13 . .30 

.1692 18.31 

.1736 18.59 

.1591 17.11 

.111,57 16.50 

.1520 16.97 

.11 .. 97 16.82 

.1685 l ,} '1'7 u.?..-, 

.1632 17.83 

.1728 13.65 

.1732 13.70 

.11,02 16.08 

.1714 18.62 

.1548 17.36 

.1560 17.46 



Run 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

2Lf'. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

S1J1IT/ff~RY OF Ct\LCULP,.TIOHS FOR HI'l'ROBEIJZENii: 
(9/32 INCH PACKIHG)(cont:Lnuedl 

t2-ts2 .!. l,s2 Ps2 L'.1p') ,_ L1Plm 

.12 18.32 .1709 .0921 .126 

.12 18.18 .1691 .0977 .128 

.13 18.18 .1691 .0820 .120 

.13 18.J,.6 .1728 .1086 .137 

.12 16.99 .1531-1- .0935 .122 

.1.2 16.38 .l/1-62 .0915 .115 

.lJ 15.84 .1513 .0919 .126 

.13 16.69 .1496 .0919 .119 

.15 18.12 .1682 .1102 .135 

.15 17.68 .162.!-1- .1080 .1.32 

.17 18.48 .1733 .1176 .lLi-0 

.18 18.52 .1736 .1142 .140 

.16 15.92 .lL,07 .091-1-5 .114 

.20 18 .11-2 .1722 .1183 .141 

.19 17.17 .1557 .1051 .127 

.19 17.27 .1568 .1051,,, .127 

59 

G/J.V Ii G 
N 

426.5 1,,.74 

545.5 607 

666.7 741 

746.o 829 

855.4 955 

943.9 105,4-

943.9 10511-

1088.9 1215 

1203.2 1338 

1317.9 1467 

1516.1 J..685 

1689.0 1876 

1696.5 1889 

181,,.6.0 2052 

2013.l+ 22.L,L,,. 

2013.7 221,4 
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SUII:lt .. RY Oii' CALCULi.'i.TION,S J:i""'CJR lTITilOBEHZElTE 
• .--:.@J2 _iirc1:1·~~~QI~~ID.J9_9~tim~edf • 

H -un '-g rr1 rrl f i:~ .. 0 C J d G 
15. p (C l)S .l;,5 • r 

-
16. o. 7926. 1.8 751_.,..5 754.3 0.0478 0.0689 0.0655 

17. 0 .90/+3 2 0 .u 753.4 753.2 0.011-27 0.0616 0.0585 

l e!-u. 1.0840 3.9 756.7 756.5 O.Oli-21 0.0607 0.0577 

19. 1.0380 11-.8 757.9 757.7 0.0361 0.0521 0.011-95 

20. 1.2420 6.3 759.2 758.8 0.0375 0.0540 0.0514 

21. 1.3260 7.5 760.5 760.1 0.0363 0.0523 0.0le97 

22. 1.3160 7.5 760.3 760.0 0.0361 0~0521 0 .011-95 

23. 1.5520 10.2 763.0 762.5 0.0370 0.0533 0.0507 

24. 1.5180 12.3 765.5 765.1 0.0330 0 .OL,,,76 0.0452 

25. 1.5870 15.1 768.4 767.9 0.0.316 0.011-56 0 .0/1..3.3 

26. 1.6810 19.0 773.0 772.4 0.02911- 0.01+23 0.04.03 

27. 1.0710 24.4 778.4 777.6 0.0326 0.0470 0.0447 
')(:> 
F-U • 1.9910 24.6 777.7 776.8 0.0311 0 .OLl-48 0.0426 

29. 2.0250 29.5 783.5 782.6 0.0293 0.0422 0.0401 

30. 2.2870 35.6 789.6 788.5 0.0305 0.041+0 0.0418 

31. 2.3230 .35.5 789.4 788.3 0.0.310 0.01/+7 0.0425 

(_g_) = 2.1+0 
fDv f 

-
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Table V 

SUMMARY OF CALCUIATIONS FOR WATER, (9/:32 INCH PACKJNG) 

Run bh 
0 

Mr 
0 bhd brrd rrb rrb rro2 

32. 0.50 2.60 .04 0.208 75800 2111.2 2111 .. 4 

33. 0.75 3.99 .25 1.300 754.5 2099.0 2100.3 

34. 1.00 5.20 .09 0.468 754.0 2100.1 2100.,5 

35. 1.25 6.50 .11 0.572 756.2 2106.2 2106.7 

36. 1.50 7.80 .18 0.936 75L~.5 2101.5 2102.4 

37. 1.,65 8.58 .16 o.832 758.o 2111.2 2112.0 

38. 1.75 9.10 .16 o.832 758.o 2111.2 2112.0 

39. 1.90 9.,88 .60 3.120 754.5 2099.0 2102.1 

40. 2.65 13.78 .28 1.456 756.2 2106.2 2107.7 

41. 2.85 14.82 .37 1.924 758.o 2111.2 2113.1 

42. 2.85 14.82 .37 1.9?..4 758.0 2111.2 2113.1 

43. 3 .. 42 17.78 .33 1.716 750.4 2090.1 2109.6 

44. 3.45 17 .. 94 .33 1.716 756.2 2106.2 2107.9 

45. 4.00 20.80 .28 1.456 750.4 2090.l 2091.5 

46. 4.00 20.80 .29 1.508 750.4 2090.l 2091.5 

47. 6.05 31.46 .65 3.380 750.3 2089.8 2093.2 

48. s.oo 41.60 .85 Li,.420 750.3 2089.8 2094.2 
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SUMMA.RY OF CALCULA.TIONS FOR WA.TER (9/32 TI~CH PACKING) (continued~ 

R :un trol y tdo2 two2 Ho Vol fol 

32. 2114.0 1.000 6.3.89 52.48 .00582 13.35 .0749 

33. 2104.2 0.999 66.70 55.48 .00684 13.43 .0744 

34. 2105.7 0.999 66.04 55.76 .00727 13.49 .0741 

35. 2113.2 0$998 60.78 49.73 .00510 13.28 .0753 

36. 2110.2 0.998 63.73 52.02 .00508 13.36 .07M3 

37. 2120.6 0.998 62.98 52.12 .00577 13.28 .0753 

38. 2121.1 0.998 61.90 52.97 .00650 13.27 .0754 

39. 2112.0 0.997 65.96 55.00 .00678 13.43 .0744 

40. 2121.5 o.996 61.21 49.86 .00510 13.22 .0757 

41. 2127.9 0.998 62.17 50.79 .00531 13.21 .0757 

42. 2127.9 0.998 63.41 50.88 .00505 13.26 .0754 

43. 2109.6 o.997 64.06 51.51 .00537 13.37 .0748 

1+4• 2125.8 0.997 60.67 60.67 .00502 13.20 .0758 

45. 2112.3 0.996 63.84 63.84 .00498 13.31,, .0750 

460 2112.3 0.996 63.89 63.89 .00525 13.34 00750 

47. 2124.7 0.994 63.48 63.48 .00522 13.26 .0754 

48. 2135.8 0.992 63.66 63.66 .00607 13.21 .0757 
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SUMMA.RY OF CALCULA.TIONS FOR WATER, _(.3L32 INCH PACKING)(continued) 

Run ;IJol Re K Go w w' e 
0 

.32. .041,0 7780 .614 7828 77.394 74.994 10.0 

33. .0442 9500 .612 9508 77.249 74.531 10.0 

34. .0441 10940 .610 10932 76.635 75.375 4.0 

35. .0438 12250 .608 12863 77.438 74.183 10.0 

36. .0441 13000 .607 13369 78.463 74.406 10.0 

37. .OL.,40 14070 .607 14067 78.545 74.906 10.0 

38~ .0439 14500 .606 14473 80.479 76.679 10.0 

39. .0442 14900 .605 14910 76.220 73.012 8.o 

40. .0439 17800 .60/+ 1771+7 80.120 76.486 8.o 

41. .0439 18500 .601, 18451 77.608 74.779 8.o 

42. .041+-0 18500 .604 18403 77.41+2 74.994 10.0 

43. .0/440 20250 .603 20038 77.696 74.489 6.o 

Lil+. .Oli..38 20350 .603 20248 78.170 75.209 6.o 

45. .0440 21880 .602 21621 80.775 77.491 6.o 

46. .Oli),.O 21880 .602 21615 78.354 75.514 5.0 

47. .0440 26900 .601 26584 77.501 TJ.665 5.5 

48. .0440 31000 .601 30560 80.287 76.76.3 5.0 



SUMMA.RY OF CALCULATIONS FOR WATER, (9/32 IlWH PACKIHG) (continued) 

Run Re lihl '11'1 tdl t wl tdl twl 

32. .03175 0.60 759.1 19.08 8.75 66.35 L,,.7. 74 

3.3. .03462 1.20 756.7 20.60 11.20 69.17 52.16 

34. .04777 1.15 754.5 21.48 11.51 70.65 52.71 

35. .04306 1.58 759.1 17.65 7.80 63.79 46 .o 3 

36. .05367 1.82 757.6 19.68 9.74 67.40 49.02 

37. .04814 2.05 761.8 18.43 8.66 65.20 47.59 

38. .05027 2.05 761.8 17.33 8.36 63.20 47.04 

39. .05322 2.70 759.4 20.33 10.59 68.60 51.06 

40. .06010 3.19 762.2 18.11 8.oo 64.60 46.L,O 

41. .06332 3.40 761,,..3 18.98 8.69 66.18 47.65 

42. .05735 3.30 764.2 18.79 8.70 65.80 47.66 

43. .07069 4.15 760.l 19.53 9.42 67.19 48.95 

44. .06529 J.33 762.4 18.11 8.04 64.60 /4.6.48 

45. .07241 4.80 759.4 19.53 9.42 67.19 48.95 

46. .07515 4.80 763.0 19.53 • 9.42 67.19 48.95 

47. .09227 6.38 762.2 19.63 9.58 67.35 49.26 

48. .09325 9.92 768.8 19.43 9.73 67.00 49.50 



65 

Sffi.'lHA.RY OF CALCULA.TIONS FOR WATER. (9/32 IlJCH PACKING) (continued) 

Run Hl pl Gl H2-Hl H 6
1\ed 2 

32. .00278 3.38 7756 0.00266 0.00544 .04 

33. .00445 5.38 9443 0.00238 0.00683 .05 

34. .00411-6 5.38 10805 o.00287 0.00733 .08 

35. . 00254 3.10 12164 0.00230 0.0048/4 . .11 

36. .00316 3.85 13248 0.00263 0.00579 .12 

37. .00299 3.65 13938 0.00224 0.00523 .16 

38. .00314 3.84 14324 0.00228 0.00542 .16 

39. .00398 4.85 14809 0.00233 0.00631 .15 

40. .00268 3.28 17603 0.00222 0.00490 .24 

/+1. · .00281 3.46 18295 0.00225 0.00506 .23 

42. .00283 3.47 18255 0.0020/4. 0.00478 .21 

43. .00327 3.99 19867 0.00230 0.00557 .29 

411-. .00266 3.26 20086 0.00212 0.00478. .26 

45. .00327 3.98 21450 0.00219 0.00546 .27 

46. .00323 3.95 214.35 0.00228 0.00551 .27 

1,,7. .00334 4.08 26364 0.00227 0.00561 .48 

48. .00346 4.26 30266 0.00200 0.00546 .70 
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SUUl-1:4.RY OF CALCULATIONS FOR HATER, (9/32 INCH PACKING) (continued) 

Run Arrbed rr2 p2 Ps Apl 6p2 6plm t av 

32. .07 759.1 6.59 8.,44 5.08 1.87 3.21 63.07 

33. .os 756.6 8.23 9.98 4.60 1.75 2.95 65.60 

34. .15 751,...3 8.79 10.18 4.79 1.38 2.74 64.59 

35. .21 759.0 5.87 7.94 4o84 2.07 3.27 60.95 

36. .22 757.4 7.01 9.04 5.20 2.04 3.40 62.12 

37. .30 761.6 6.36 8.1.,,2 4.77 2.06 3.23 61.98 

38. .30 761.6 6.59 8.25 4.41 1.66 2.83 61.21 

39. .28 759.2 7.64 9.58 4.73 1.94 3.14 64.67 

40. .45 762.0 5.97 8.05 4.76 2.08 3.24 61.46 

41. .43 764.l 6.18 8.44 1,... 99 2.26 3.45 62.38 

42. .39 764.0 5.96 8.411- 4.97 2.48 3.58 62.41 

43. .54 759.8 6.84 8.86 4.88 2.02 3.25 62.36 

44. .1.,,9 761.9 5.82 8.06 4.So 2.24 3.36 61.69 

45. .50 759.l 6.62 8.86 4.88 2.211- 3.39 62.51 . 

46. .50 762.7 6.71 8.86 4.91 2.15 3.36 62.38 

47. .90 761.3 6.82 8.95 4.87 2.13 3.32 62.10 

l+B. 1.31 767.5 6.69 9.05 4.79 2.36 3.4! .. 62.52 



67 

SUMM.i\.RY OF CALCULf~TIONS FOR WATER, (9/32 JNCH PACKING) (continued) 

Run .l:lav kg G2 Gl G ..JIG Pr av _,y 

32. 0.0439 1.16 388.9 387 388 435 751.7 

33. 0.041+0 1.38 47'J..O 471 472 527 756.6 

34. 0.0440 2.04 543.1 542 543 609 754.4 

35. 0.0439 1.55 609.2 608 609 683 752.5 

36. 0.0439 1.85 664.1 662 663 741+ 7/4.9.9 

37. 0.0439 1.75 699.0 697 698 784 754.8 

38. 0.0439 2.09 719.0 717 718 806 754.7 

39. 0.0440 1.99 741.0 739 740 829 759.3 

40. 0.0439 2.17 881.6 880 881 988 755.6 

41. 0.0439 2.15 916.6 915 916 1028 757.4 

42. 0.0439 1.88 914.2 912 913 1024 757.3 

43. 0.0439 2.55 995.4 993 994 1115 752.6 

44. 0.0439 2.28 1006.0 1004 1005 1127 756.1 

45. 0.0439 2.51 1074.0 1074 1073 1204 752.0 

46. o.01t'39 2.63 1074.0 1074 1073 1203 755.5 

47. 0.0439 3.27 1321.0 1321 1319 JJ.,79 754.4 

48. 0.0439 3.18 151s.o 1518 1517 1700 760.8 
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SUMMA.RY OF CALCULATIONS FOR WATER 2 ( 9 / . .32 INCH PACKING l ( continued} 

\~Pr~ (coi) •45 • t 
Rllil G Sc Jd 

.32. 0.0885 0.0687 0.0718 

33. 0.0837 0.0672 0.070.3 

34. 0.1076 0.0865 0 .090/+ 

.35. 0.0725 0.0582 0.0609 

36. 0.0799 0.0642 0.0671 c e1v) = o.617 

37. 0.0719 0.0577 0.0604 

38. 0.0825 0.066.3 0.0693 

.39. 0.0775 0.0622 0.0651 

40. 0.0709 0.0570 0.0596 

l+l. 0.0676 0.054.3 0.0568 

42. 0.0593 0.0476 0.0498 

43. 0.07.35 0.0591 0.0617 

44. 0.0652 0.0524 0.0548 

45. 0.0667 0.05.36 0.0560 

46. 0.0703 0.0565 0.0591 

47. 0.0712 0.0572 0.0598 

48. • 0.0608 0.0488 0.0511 
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Table VI 

smn,ftUtY OF CALCULf~T IONS FOR NAPHTHALENE. (1/4 ]JJCH PACKING) 

Rllil 6h0 
6rr 6hd Arr a, rrb rro2 rrol y 

0 

49. .60 1.12 0.25 0.49 753.5 751.,,,.0 755.1 .9960 

50. 1.00 1.87 0.30 0.58 752.8 753.4 755.3 .9930 

51. 1.45 2.71 0.35 o.68 753.6 754.3 757.0 .9991 

52. 1.90 3.55 0.50 0.98 752.8 753.8 757.4 .9986 

53. 3.oo 5.61 0.80 1.55 752.8 754.4 750.0 .9978 

54. 4.00 7.48 0.96 1.86 754.I+ 75Lh3 761.8 .9977 

55. 6.oo 11.30 1.47 2.85 754.4 754.3 768.6 .9956 

56. s.oo l/+.96 1.97 3.82 754.4 758.2 773.2 .9942 

57. 11.00 20.50 2.55 4.95 754.2 759.2 779.7 .9922 

58. 14.00 26.15 3.30 6.40 754.2 760.6 786.8 .9901 
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' I I Run H1 tdo-:> b.rr1 TTl Rc 0 K Go u. ,__, l 
I 

49. 33 18.19 1.65 755.2 860 .61.3 856 13.20 

50. 37 17.92 2.90 755.7 111.3 .609 1097 16.89 

51. 33 17.90 f:, .10 755.7 131+3 .607 1323 20.38 

52. 37 17.71 I 5.20 758.0 1530 .606 1508 23.20 
l 

53. 37 17./4-8 8.00 760.8 1927 .604 1899 29.22 

5Li,. L,7 19.37 10.30 76L1-. 7 2223 .602 2190 33.72 

55. 1,7 19.37 15.30 769.7 268/+ .601 26/1-3 L,,,O. 72 

56. 4,7 19.29 20.30 77LH7 3095 .600 3046 46.92 

57. 33 17.M+ 26./+0 780.6 3626 .600 3577 55.10 

58. 33 17.16 311-.30 788.5 l,108 .599 4044 62.35 
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SUl::Tiffl.RY OF CA.LCULi\TTOHS ]Oll lTti.:fHTIIALE:IIB (1/A INCH P.i'i.CKIIJG) (continued) 

Run w w' Q RC 101I 2 H2 flrr 2 

.. 

L1-9. 63.6933 63.5217 16.0 0.001422 1.078 o.so 1.5 

50. 63.9642 63.7980 111-.0 0.001571 .932 1.45 2.7 

51. 63.8965 63.7297 12.0 0.001841 . 9011- l.98 3.7 

52. 64.2126 611-.0338 12.0 0.001972 .851 2.57 4 0 .u 

53. 64 .1,,254 64.2584 10.0 0.002212 .757 3.91 7.3 

54. 65.5939 65 .. 3502 10.0 0.003225 .957 5.08 9.5 

55. 65.2099 64.9277 10.0 0.0037,4,0 .918 7.61 14.2 

56. 6L1-. 7805 6/1-.5986 6.o 0.004018 .855 10.13 18.9 

57. 64.9018 64.6895 8.0 0.003515 .638 13.20 24.6 

58. 65.3031 65.1255 6.o 0.003960 .635, 17.25 32.2 
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SUl1!·1ARY OF G:\.LCULi"1TIOI;S FOR HAPHTHhLEIJE (1/Lr: rncH PACKnJ~) (contir~ 

2 
t2 A -,Ii Run rr2 10 P2 .,,Yav Gl Pr 

L1-9. 755.0 1.832 19.08 0.0440 / 1.26 .3403 0.0466 755.l 

50. 755.5 1.585 18.58 O .011-39 545 .311-10 0.01+67 755.6 

51. 757.3 1.543 

I 
18.39 0.01,39 657 .3408 0 .01,66 757.5 

52. 757.6 l.L1-54 18.11.i, O.OL,,.39 755 .34?-1;. O.OL1-68 757.8 

53. 760.l 1.298 17.76 O.OL1J8 911-J .3450 0 .Oli-69 760.4 

511-. 763.9 1.627 19.71 O.OliJ,l 1087 .3465 0 .OL,79 76!;..3 

55. 768.6 1.592 19.53 0.0441 1317 .3512 0 .OLi-7/4. 769.1 
' 

56. 773.3 1.492 19.46 0.0440 1513 .311-72 0.0471 774.0 

57. 778.8 1.122 17.33 o.oL,37 1776 .3498 0.011-74 779.7 

53. 786./4. 1.127 17.08 0 .OL,37 2010 .3580 0.0480 787.4 
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SUMMA.RY OF GA.LCULA.TIONS FOR NAPHTHt1.LENE, (1/4 INCH PACKING) (continued) 

tg ' 
Run fi G ps flp2 i:lpl kg f rr (Col)Sc j d. - m G -11 

1 p M 

49. 451 0.0461 0.0278 0.0360 o.687 0.0463 0.0700 0.0644 

50. 580 0.0449 0.0290 0.0361 0.755 o.0'.398 0.0602 0.0553 

51. 697 0.0432 0.0278 0.0346 0.928 0.0407 0.0614 0.0566 

52. 806 0.0422 0.0277 0.0340 1.002 0.0382 0.0577 0.0531 

53. 1010 0.0407 0.0277 0.0334 1.138 0.031+9 0.0527 0.0485 

54 1181 0.0488 0.0325 0.0395 1.357 0.0362 0.0547 0.0503 

55. 1417 0.0480 0.0321 0.0389 1.662 0.0361 0.0545 0.0502 

56. 1621 0.0477 0.0328 0.0392 1.725 0.0335 0.0506 0.0466 

57. 1926 0.0392 0.0392 0.0327 1.820 0.0304 0.0459 0.0423 

58. 2207 ·0.0382 0.0382 0.0317 2.063 0.0307 0.0464 0.0428 

t rtv ~f 
= 2.50 
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Table VII 

SUlIT~.,\.llY OF C'.\.LCUL,{CJOHS FOE ··.h\.TEJ., (7 /6 TITCH PACl:ING) 

Run bh0 f:, 11'0 bh 02 brro2 rrb rrb 11'01 11'02 

59. 1.0 5.2 0.30 1.6 753.1 2097 2104 2099 

60. 1.5 7.8 0.40 2.1 751.1 2091 2101 2093 

61. 1.9 9.9 0.55 2.9 753.1 2097 2110 2100 

62. 3.0 15.6 0.78 L1 •• l 753.1 2097 2117 2101 

63. !+-0 20.8 1.10 5.7 753.1 2097 2124 2103 

61,... 5.0 26.0 1.20 6.2 751.1 2091 2123 2097 

65. 6.o 31.2 1.51 7.9 753.0 2096 2135 2101, 

66. 7.0 36.4 1.80 9.4 753.1 2097 2142 2106 

67. 8.0 /4.1.6 2.00 10.4 752.9 2096 2148 2106 

68. s.o L,,l. 6 1.90 9.9 751.1 2091 2143 2101 

69. s.o L,1.6 1.90 C) 0 
• 751.1 2091 2143 2101 

70. s.o /+1.6 1.90 9.9 751.1 2091 21/4.3 2101 
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SUMMA.RY OF CALCULATIONS FOR HATER, (1/6 IlJCH PACKING) (continued) 

Run tdl \,1 ts Hl V K y 

59. 69.77 56.37 55.60 .00624 13.48 0.609 0.999 

60. 69.68 56.93 56.41, .00673 13.49 0.607 0.999 

61. 68.96 55.81 55.28' .00628 13.46 0.606 0.999 

62. 70.93 56.42 55.94 .00610 13.52 O .60/4. 0.998 

6.3. 65.92 51.84 51.43' .00474 13 . .34 0.603 0.998 

64. 70.47 56.76 56.44' .00645 1.3.50 0.602 0.996 

65. 65.78 51.92 51.63 .00477 13.34 0.601 0.996 

66. 71.00 55.23 54.96 .00543 13.49 0.601 o.995 

67. 65.60 51.84 51.61 .00474 13.34 0.600 0.994 

68. 68.60 56 . .39 56.18 .00662 13.46 0.600 0.994 

69. 68.46 55.38 55.16 .00612 13.LiJ~ 0.600 0.994 

70. 68.28 54.77 54.54 .00583 13.L~ 0.600 O. 991,, 
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SUMMARY OF CALCULA.TIOHS FOR WATER, (1/6 INCH PACKWG) ( continued) 

Run Go Gl wi 

59. 10880 1079.3 16.61 

60. 13300 1.3200 20.33 

61. 14960 11,850 22.85 

62. 18630 18490 28.47 

63. 21600 211,,60 33.05 

64. 23970 23770 36.54 

65. 26350 26180 43.00 

66. 2821}0 28030 43.20 

67. 30930 30700 47.30 

68. 30850 30610 47.20 

69. 30850 30610 47.20 

70. 30850 30610 L.7 .20 

w: 1.-l r e R 
C 

68 . .3616 66.8145 5.0 0.0409 

67.5524 65.8787 5.0 0.01+43 

68.9140 67.1058 5.0 0.0478 

67.7393 65.411+3 5.0 0.0615 

66.0950 63.4880 5.0 0.0619 

68.0720 65.3810 5.0 0.0712 

65.7952 62.8307 5.0 0.0785 

66.7193 63.6852 4.0 0.1003 

66.1230 62.9384 5.0 0.0844 

67.8532 65.7407 3.0 0.0933 

65.7407 63.6681 3.0 0.0914 

63.6681 61.5310 3.0 0.0941 

61.5301 59.6627 3.0i< 

* This run was the fourth three 
minute run in a series of runs 
made to determine the constant 
rate period. Since the ueight 
loss was abnormally low, the fall-
ing rate period had presumably 
started and this point wc1s dis-
carded. 
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SUMMA.RY OF CALCULATIONS FOR WATER. (1/6 INCH PACKING)(continued) 

Run (Hz-H1) ~hl tl t J\ G t s av 2(calc ) 

59. 0.021,6 2.6 69.77 55.60 1059 539 59.00 

60. 0.0218 3.7 69.68 56.41 1059 658 60.12 

61. 0.0209 4.7 63.96 55.28 1060 740 59.79 

62. 000216 7.4 70.93 55.94 1059 923 61.48 

63. O .0209 9.7 65.92 51.43 1061 1070 56.74 

64. 0.0195 12.3 70.47 56.411- 1059 1187 61.96 

65. 0.0195 14.7 65.73 51.63 1061 1307 57.25 

66. 0.0232 16.7 71.00 54.96 1060 1397 60.82 

67. 0.0178 19.9 65.60 51.64 1061 1530 57.77 

68. 0.0197 19.5 68.60 56.18 1059 1527 59.93 

69. 0.0192 19.5 68.46 55.16 1060 1527 59.96 

70. 0.0199 19.5 68.28 54.54 1060 1527 59.54 
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SUMM[I.RY OF CALCULATIONS FOR WATER, (1/6 INCH PACKD:.JG) (continued) 

Run nl llhb fl'2 P1 H2 PS P2 llpl 

59. 755.7 0.2 755.5 7.53 8.70 11.30 10.42 3.77 

60. 754.8 0.2 7511-.6 8.09 8.91 11.66 10.67 3.57 

61. 757.8 o.3 757.5 7.58 8.37 11.17 10.07 3.59 

62. 760.5 0.5 760.0 7.39 8.26 11.45 9.99 2.60 

6J. 762.8 0.7 762.1 5.78 6.83 9.71 8.30 J.93 

6L,. 763.4 0.7 762.1 7.85 8.40 11.68 10.17 3.83 

65. 767.7 1.1 766.6 5.87 6.72 9.77 8.22 J.90 

66. 769.8 0.9 768.9 6.68 7.75 11.06 9.1+9 4.38 

67. 772.8 1.4 771./+ 5.87 6.52 9.77 s.oo J.90 

68. 770.6 1.1 769.5 8.14 8.59 11.53 10.49 3.39 

69. 770.6 1.1 769.5 7.52 8.04 11.13 9.83 J.61 

70. 770.6 1.1 769.5 7.17 7.82 10.88 9.58 J.71 
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SUMHARY OF CALCULATIONS FOR WATER, (1/6 TITCH PACKIJ.·,m) (continued) 

L1plm k p Gav 
g m Run P2 g f Gav 

59. o.88 10987 .00252 745.5 539 0.1002 
60. 0.99 .2.015 .00269 741,.1 658 0.0877 
61. 1.10 2.100 .00278 747.6 740 0.0808 
62. 1.46 2.160 .0031.,.7 750.3 923 0.0811 .. 
63. 1.41 2.456 .00344 754.3 1070 0.0698 
64. 1.51 2.490 .00350 752.7 1187 0.0639 
65. 1.55 2.548 .00376 758.7 1307 0.0630 
66. 1.57 2.731 .004/+9 759.2 1397 0.0704 
67. 1.77 2.690 .00394 763.8 1530 0.0566 
68. 1.04 1.990 .00573 759.6 1527 0.0822 
69. 1.30 2.260 .00449 760.1 1527 0.0708 
70. 1.30 2.300 .00500 760.4 1527 0.0716 
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SUMMA.RY OF GA.LGULt~TIONS FOR WATER, jl/6 INCH PACKING) (continu~d) 

Run Ii. G (Col)sc•31 • t 
-"':!av ./;f Jd 

590 0.041+0 369 0.0863 0.08!1.2 

60. 0.0,41+0 452 0.0755 0.0737 

61. 0.0439 506 0.0696 0.0678 

62. 0.0441 632 0.0701 0.0684 

63. 0 .01~39 733 0.0601 0.0586 

611-. 0.04/+0 812 0.0550 0.0537 

65 .. 0.0439 894 0.0543 0.0529 

66. 0.0440 956 0.0606 0.0591 

67. 0.0439 1050 0.0487 0.0475 

68. 0 .0/4-40 lOL1-3 o.0708 0.0690 

69. 0.04/4.0 1047 0.0610 0.0595 

70. 0.0439 1047 0.0616 0.0600 



Tab1e VIII 

Run i1h0 Llrr L1h 02 ilrr ') rrb tC' tl v 0 O,__ "' 

--
71. 1.0 5.2 0.25 1.3 7/4.9 .8 19 .111- 19.38 13.37 

72. 1.5 7.8 0.37 1.9 711-9.8 13.58 13.91 13.36 

73. 1.9 9.9 0.50 ') / , ..... o 749.8 18.11-9 13.71 1.3.35 

74. 3.0 15.6 0.80 L1-.2 7/4.9. 8 18.23 18.41, 13.33 

75. 11-.0 21.1 1.00 5.2 749.2 16.80 16.95 13.26 

76. 5.0 26.0 1.25 6.5 7/4.9 .8 19 .!1-3 19.72 13.39 

7'7. 6.0 31.5 1.50 '7.8 71,9 .2 16.79 17.03 13.26 

7(~ u. 8.0 /1-l.6 1.90 9.9 71 .. 9 .2 16.78 16.98 13.26 

79. 11.5 57.5 2.60 13.5. 749.8 17.89 18.15 13.32 

80. 111-.5 73.?.. 3 .L1-0 17.7 71,,.9 .8 17.72 17 .93 13.31 
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Table VIII 

SUMHiUlY OF CALCULt1.'L'IOlJS FOR IHTEOll:ClTZEliE, (1/6 INCH PACKilfG) ( continued) 

Run K y Go w. 
l w w' G 

71. 0.609 0.999 10,960 16.88 69.7720 69.3150 6.o 

72. 0.607 0.999 13,350 20.53 70.57/+l 70.0043 7.0 

73. 0.606 0.999 15,050 23.17 71.1101 70.574.1 6.o 

74. 0.604 0.998 18,800 28.94 71.8855 71.3638 5.0 

75. 0.603 0.998 21,870 33.72 69.9303 69.3880 5.0 

76. 0.602 0.997 2/4.,120 37.18 68.7793 68.0793 5.0 

77. 0.601 0.996 26,L~00 40.70 70.5502 69.9303 5.0 

70 
'-'• 0.600 0.994 30,500 1+7 .oo 71.2538 70.5502 5.0 

r10 
{ ,/. 0.600 0.992 35,650 51~.40 71.9834 71.11+95 5.0 

Bo. 0.599 0.990 1~0,100 61.70 71.14.95 70 .2311-8 5.0 



SJ 

Run 10 Re 10 2 h1 Til ~hb 11'2 P2 

71. l.008 5.97 2.8 752.6 0.2 752.4 .1057 

72. 1.076 5.25 3.9 753.7 0.3 753.4 .093.3 

73. 1.180 5.10 L;,. 9 754.9 0.4 751,.5 .0907 

7 /4 .. 1.378 L,.77 7.5 757.3 0.5 756.8 .0850 

75. l.li-33 Li-.25 10.5 759.7 1.0 758.7 .0759 

76. 1.850 /,,. 98 12.9 762.7 1.1 761.6 .0893 

77. 1.639· 11 .• 03 15.3 764.5 1.3 763.2 .0724 

78. 1.860 3.96 19.3 768.5 1.5 767.0 .0714 

79. 2.204 L,.05 27 .I+ 777.2 1.8 775 .Li- .0739 

80. 2.1+18 3.92 35.6 785.L, 2.2 783.2 .0723 

-



Run 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78 .. 

79. 

80. 

SUMr-IilB.Y OF CALCULATIOHS FOR HITILOBENZEITE, (1/6 INCH PACEI:tJG)_ 
(conti~ =-· 

Ps 6p2 6P1t11 k t 
g Pr G Kg Pf Hm 

G 

.1835 .0788 0.1230 .OOJJe62 752.3 541,, .0581" 

.1746 .0813 0.1220 .001558 753.6 66J .0512 

.1737 .0830 0.1228 .001714 754.7 7l,.7 .0501 

.1699 .0811-9 0.1226 .002007 757.0 933 .0471 

.1506 .0747 0 .1086 .002358 759.2 1087 .01+76 

.191+0 .1033 0 .ll,01 .002355 762.2 1198 .01.,.33 

.1521 .0797 0.1118 .002610 763.8 1312 .041:-1 

.1520 .0806 0.1126 .00291+7 767.7 1517 .0432 

.1652 .0913 0.1245 .003163 776.3 1756 .0l+0li-

.1631 .0908 0.1233 .0031:-95 784.3 1990 .0.398 



Run 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

SUl/fr'IAH.Y Oli' CALCULATlONf) POR HITD.OBENZI:~m. (1/6 rncH PACl:IlJG) 
(continued) 

.0441 

.04/4.0 

.0!;/4.0 

.01i39 

.0441 

.0439 

.0/4-40 

A G 
T 

371 

511 

637 

71,.5 

819 

899 

1039 

1202 

1362 

0.0751 

0.0659 

0.0644 

0 .0605 

0.0611 

0.0557 

0.0567 

O .0551+ 

0.0519 

0.0512 

0.0800 

0.0701 

0.0686 

0.0652 

0.059J 

0.0604 

0.0592 

0.0553 

0.051+5 

85 
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Table JX 

SUliHi\.RY OF C.ALCULA.TIOHS li'OR H"Sii'.I' TR,'i.l:SFER 11j II lTIJJ.ffiE11..S 

h Rtm t °F t ,\ R G t.2(calc.) --1 s C av cP G 
-·~ . 

32. 66.35 /1.7. 74 1061 O.OJ175 337.7 54.67 0.0850 
33. 69 .17 · 52.16 1061 0.03462 471.5 58.70 0.0821 
34. 70.65 52.71 1061 0 .0l,.777 51,.2.6 58.13 0.1028 
35. 63.79 /,,6.03 1064 0.04306 609.0 53.71 0.0719 
36. 67.40 L.,.9.02 1063 0.05367 663.0 55.88 0.0846 
37. 65.20 l;.7. 59 1061,. O.Ol:-814 698.o 55.38 0.0700 
38. 63.20 L-,.7 .04 10611- 0.05027 718.o 53.22 0.0823 
39. 68.60 51.06 1062 0.05322 740.0 58.38 0.0752 
li.O. 64.60 L.,.6 .1,.0 1064 0.06010 881.0 51.,,..82 0.0662 
41. 66.18 1 .. 7 .65 1061+ 0.06332 916.o 56.35 0.0649 
42. 65.80 1+7 .66 1064 0.05735 913.0 56.83 0.0587 
!.,.3. 67.19 48.95 1063 0.07069 994.0 57.06 0.0697 
44. 6/;..60 /,6.48 106/;. 0.06529 1005.0 55.31+ 0.0616 
1,.5. 67.19 /,,8. 95 1063 0 .072/i.l 1073.0 57.59 0 .06/+2 
!;6. 67.19 !1-8.95 1063 0.07515 1073.0 57.23 0.0677 
47. 67.35 /1-9 .26 1063 0.09227 1319.0 57 .Lj.1 0.0685 
4;3. 67.00 L.,.9 .50 1062 0.09325 1517.0 58.26 0.0595 
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SU11HAHY O? CALCULATICI:TS 1"0H HEAT TRA.IJSFEH 11j II lHJ1BErtS (continued) 

Ill.ill. jh jd jh jd AG 
./:I 

I iI 

32. 0.0697 0.0618 1.128 435 

3.3. 0.0674 0.0606 1.110 527 

34. 0.0843 0.0778 1.080 608 

35. 0.0589 0.0524 1.123 683 

36. 0.0694 0.0578 1 . .200 744 

37. 0.05711- 0.0520 1.103 781,,. 

JS. 0.0675 0.0596 1.132 806 

39. 0.0617 0.0560 1.100 829 

40. 0 .0511-2 0.0512 1.058 988 

41. 0.0533 0.0488 1.092 1028 

1+2• 0.0482 0.0428 1.123 1024 

43. 0.0572 0.0532 1.074 1115 

44. 0.0505 0.0472 1.070 1125 

45. 0.0527 0.0/i,E12 1.092 1204 

L,,6. 0.0555 0.0508 1.092 1203 

li-7. 0.0562 0.0515 1.090 1979 

48, 0.01,,.88 0.0440 1.109 1700 
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SIB::ffl.RY OF CALCULA'rIOlTS Fon 1-IEAT TFI .. t:SF:2R 11j II Hl.Jl.ffi::i:RS ( continued) 

Run t °F 1 t s A Re Gav t 2(calc.) 

59. 69.77 55.60 1059 0.0409 539 59.00 
60. 69.68 56.41 1059 o.01i43 658 60.12 
61. 68.96 55.28 1060 o.01j,78 7Li,O 59.79 
62. 70.93 55.94 1059 0.0615 923 61.48 

63. 65.92 51.43 1061 0.0619 1070 56. 711-
6/1,. 70.47 56.44 1059 0.0712 1187 61.96 

65. 65.78 51.63 1061 0.0785 1307 57.25 
66. 71.00 511-e 96 1060 0.1003 1397 60.82 

67. 65.60 51.6/4, 1061 O .08/i/4 1530 57.77 
68. 68.60 56.18 1059 0.0933 1527 59.93 

69. 68.l;,6 55.16 1060 0.0914 1527 59.96 

70. 68.28 54.54 1060 0.09/i-1 1527 59 .51;-
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SlJl,iliAHY OF Ci\LCULATIOHS I:'OR HEAT TRANSFER rrj II NULtHCRS ( continued) 

Run -- jh jd jh jd Gp G 
h I 

59. 0.0972 0.0797 0.0725 1.098 

60. 0.0868 0.0712 0.0634 1.122 

61. 0.0755 0.0618 0.0584 1.058 

62. 0.0677 0.0555 0.0588 1.058 

63. 0.0711 0.0533 0.0505 1.153 

64. 0.0636 0.0522 0.0462 1.130 

65. 0.0629 0.0516 0.0456 1.131 

66. 0.0736 0.0604 0.0508 1.188 

67. 0.0558 0.0457 0.01+09 1.118 

63. 0.0815 0.0688 0.0594 1.158 

69. 0.0694 0.0568 0.0512 1.108 

70. 0.0760 0.0623 0.0517 1.203 
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Table X 

PACEED BED PR0PJ'~RTIES 

Dry weight Diameter Hoi:j1t 1To. of Total pellet ' n-v-
av. av, Pellets aroa 

Lare:e 
ft2 ft2 

Celite 31.3L1-3e 0 .;2722 in. 0.2716 in. 1/i.9 0.361 116 fP 
Pellets 

Srnll 
') 'J''7 ft2 Celite 2J.311-7g 0,1683 in. 0.1633 in. 500 O ,1;552 ft,.~ ,__o ,.., 

Pellets ft;, 

Naphthalene 
Pellets 

1•rv.11 
') 

54 36 ,L1.75gB'-Hf 0.2672B 0 .252/+B 156 .3565 125 f t "' 
ft3 

55 . . . . . . . ....... 156 .3512 
~,2 

56 35 ,480gAiH< 0,2651A 0.2508A. 156 .3/4.72 126 re~ 
ft.) 

53 ....... . ...... 156 .31;50 

52 . . . . . . . ....... 156 .3421+ 

50 ....... . ...... 156 .3410 

51 ....... . ...... 157 .3408 
"'t2 

L;9 .34 .40 3gA-lH- O. 2620A 0,21:.SlA 157 .31:-03 1-=lO½ .,, ft/ 
58 0.2670B 0.2523 156 . .3580 135 ft2 __,. 

ftj 
57 ....... ...... - 155 .3493 

>.,Listed in chronological order 

B = befo~e the rm1 



Freezing Point: 
(oc) 

E:;qJor :i.c,1on tal 

Handbook of 
Chem. and Physics. 

Boiling Point: 
• (oc) 

E:z:porim.ental 

Handbook of 
Chem. and Physics 

To.blo XI 

PHYSICA.L PHOPERTIBS 

Aniline 

-5.3 to -6.2 

183.8 -18/+ 
at 756.2 mu. 

184.l;, 
at 760 mm. 

Nitrobonzenc 

5.1 to 5.8 

5.7 

209.9 at 
756.2 m::n. 

210.9 
at 760 mm. 
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Haphthaleno 

so.22 

218.0 -218.2 

217.9 
at 760 mu. 




