COMMUNICATIONS TO THE EDITOR

Laminar Boundary Layers on Continuous Flat and

Cylindrical Surfaces

For some years we have studied,
both theoretically and experimentally,
the group of boundary-layer problems
which play a part in the manufacture
of rayon and fully synthetic threads
and films. These problems have re-
cently been described by Sakiadis (I,
2, 3). With respect to the laminar
boundary layer on a continuous cylin-
der the following may be remarked.

The boundary-layer equation, writ-
ten in cylindrical coordinates (4), is

and the equation of continuity becomes

d

du
— — =0 2
ar(m)-i-fax (2)

The boundary conditions on the wall of
the cylinder are

If we use dimensionless variables V «

= l, { = r—e these boundary con-
Vo
ditions become
2 Oa
=0 -—+—=—=0a=1 3
4 e + a7 a (3)

With the analogy of the so-called
Pohlhausen solution of Glauert and
Lighthill for the finite cylinder, a solu-
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tion for the continuous cylinder can be
obtained. We differentiate the bound-
ary-layer equation; when the equation
of continuity and dimensionless varia-
bles are used, we obtain for { = 0

Ba

Fa (4)

o2

This equation can be solved by form-
ing a power series

04

(5)

The first three constants can be ob-
tained from the boundary conditions
on the wall of the cylinder and from
Equation (3). We get

Co=B,Ci=—1,Co=1

The other coefficients can be obtained
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Fig. 1. Theoretical and experimental data for the description of the boundary layer on the
continuous cylinder.
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Yol. 59, No. 41, 1963, $3.50 to members, $15.00 to nonmembers. Symposium Series books may be
ordered from the Secretary’s Office, the American Institute of Chemical Engineers, 345 East
47 Street, New York 17, New York.

Key Words: Computer-10, Regression Analysis-10, Heat Transfer-2, 7, 8, Air
Cooling-2, Pressure Drop-7, 8, Transferring-2, 7, 8, Finned Tubes-10, Geom-
etry-6, Pitch-6, Nusselt.7, F-Level-10, Friction Factor-8, Correlation-8,
Helical Fin-6, Fin Thickness-6, Fin Height-6, Fin Spacing-6, Convection-10,
Tube Bank-10, Heat Exchangers-10, Velocity-6, Reynolds Number-6, Air-5, 9.

Abstract: The previous investigation reported by Ward and Young (1) on the
effects of tube geometry on the heat transfer and pressure drop characteris-
tics of equilateral-triangular-pitch tube banks containing smooth, integral,
helically, finned tubes with air drawn by forced convection in cross flow
through seven finned tube banks was extended to cover nine additional banks
of tubes. Data were taken to determine the effect of fin thickness and tube
pitch on the air film heat transfer coefficient. Improved heat transfer correla-
tions are presented. Air side pressure drop data are reported which include
the effects of tube pitch.

Reference: Briggs, Dale E., and Edwin H. Young, Chem. Eng. Progr. Sympe-
sium Ser. No. 41, 59, p. 1 (1963).

Key Words: Heat Transfer-8, Fluid Flow-8, Flow Distribution-8, Heat Ex-
changer-10, Cross Flow Exchangers-10, Analogue Study-, Fluids-1, Tube
Bank-10, Manifolds-10, Heat Exchanger Performance-8.

Abstract: To evaluate the effects of nonuniform distribution of tube side
flow on the total heot transfer in single pass, cross flow exchangers, on
investigation was carried out with electronic analogue equipment. Results of
runs for which the operating values were equal, but for which flow distribu-
tions were different, were compared and the influence of various operating
parameters was studied, It was found that for a given set of operating con-
ditions, the maximum deviation of total heat transfer with nonuniform tube
flow characteristics from that obtained under uniform flow conditions was

~ 4%

Reference: McDonald, J. S., and K. Y. Eng, Chem, Eng. Progr. Symposium
Ser. No. 41, 59, p. 11 (1963).

Key Words: Thermoelectric Generator-8, Heat-1, Electric Power-2, Cooling
Device-4, Natural Convection-4, Transverse-Fins-4, Heat Transfer-4, Air-5,
Velocity-6, Pressure Drop-6, Pumping Power-6, Temperature Differential-§,
Power Output-7, Heat Transfer-8, Cooling-8, Thermoelectric Elements-9, Heot
Transfer-10, Experiments-10, Convective-,

Abstract: Two types of cooling devices for o thermoelectric generator are
described, and performance data are reported. The first one, a wire-coiled
extended surface, removes heat through the natural convection mode; the
second one, a transverse-finned surface, makes use of forced convection
heat transfer for relatively large power output units,

Reference: Gritton, D. G., and Y. S, Tang, Chem. Eng. Progr. Symposium
Ser. No. 41, 59, p. 18 (1963).
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by differentiating Equation (4). In this
way we find for Equation (5)

(6)

At this point it should be remarked
that Equation (6) is very similar to the
equation of Glauert and Lighthill;
there is only a difference in the value
of Co which is zero for the finite cylin-
der.

If { < 1, then Equation (6) may
also be written

a=1——;—1n(1+0 (7)

The deviation of (7) with respect to
(6) is of the order of magnitude of
0({*). The thickness of the boundary
layer, 8, now follows from (2)

S=a(eB—1) (8)
The constant B is a function of the dis-
tance to the commencement of the
boundary layer x and can be deter-
mined by using the momentum equa-
tion. It appears that B may be written

as a function of the dimensionless
quantity
oot (9)
€0 =
’ ux

From the momentum equation we
find that B must be calculated from
the following relation

% (e28—1) —2—
© (2B 1

m. m! €o
The series in (10) can be found in a
simple manner by using the tabulated
solution of the exponential integral,
for example, Jahnke, Emde, and Losch,
(5), where

©  (2B)™
2,

m. m!
m=1

(10)

= EL (2B) —

In 2B —0.5772

The solution given by (7) and (10)
is in complete agreement with that de-
rived by Sakiadis. Equation (10) can
be obtained from the Sakiadis solution
by analytical integration. In the case of
flows around textile threads we are
mostly concerned with a small value
of a (or e). In this case an approxi-
mate solution can be derived from (12)

1 1

—— B —

11
23 €0 ( )

May, 1963



If a= 0 (or o~ 0) it follows from (Continued from page 412)
(10) that B » oo and, consequently,
from (8) that § » «. For small values
of a the condition that { < 1 is there- INFORMATION RETRIEVAL
fore only fulfilled in a relatively thin
part of the boundary layer adjacent to
the surface of the cylinder. The devia-
tion between the solutions (6} and (7)

’ Key Words: Conduction of Heat-1, Gun Barrel Cooling-2, Gun Barrel Heat-
will therefore become greater when ing-3, Gun Cooling-4, Gun Heating-5, Heat Conduction-6, Heat Transfer-7,

a— 0. ] ) . Periodic Heat Source-8, Transient Heat Conduction-9, Unsteady State Heat
The question now is, which of these Conduction-10.

two solutions will give the best results Abstract: A cannon is fired in a series of bursts while being cooled ex-

n descrlbmg the boundary layer for ternally. The maximum bore surface temperature and the maximum value of
small values of a. On the one hand, the space average temperature are calculated. Results are presented in a
solution (6) is derived from the bound- form useful to o gun designer.
ary-layer equation and the equation of
continuity on the wall of the cylinder;
on the other hand, in the case of solu-
tion (7) the deviation from the bound-
ary conditions on the outside of the
boundary layer tends to zero [see Saki- Key \'Vo.rds: A. Heaf.Tr.ansfer-7, 8, 9, Pressure Drop'-7, 8, 9, Heat Transfer
adis (3)]. Coefficient-7, 8, Friction Fuctor-?, 8, Drag Coefficient-7, 8, Turbulence
A more theoretical answer to this Promoter-6, 8, 10, Water-9, 10, Disk-9, 10, Streamline Shape-9, 10, Axial
. . . . Core-9, 10, Annulus-9, 10, Correlation-8, Heat Exchanger-9, 10, Rate-7, 8,
question can be given in the fqllowmg Nusselt Number-7, 8, Reynolds Number 6, 8, Geometry-6, 8, Tubes.9, 10
way. We introduce as new variables Performance-8, Transfer-Ring-6, 7, 8, 9, Improving-6, 7, 8, 9, Bluff-Bod'y-9,’
10, Size-6, 8, Spacing-6, 8.

Reference: Fagan, Walter, Chem. Eng. Progr. Symposium Ser. No. 41, 59,
p. 25 (1963),

X0 —lnf—f‘“ﬁ Abstract: The pressure drop and rate of heat transfer were measured for

Y= a > g2 water flowing in a tube containing bluff-body promoters. Disks and stream-
line shapes of several sizes were mounted at various uniform spacings along
a small, axially centered rod. Solid axial cores of various uniform diameters
were also investigated. General empirical correlations are presented for the
heat transfer coefficient and effective drag coefficient or friction factor for

0% d ( B ) (12) disks, streamline shapes, and annuli.

——2—2—2an2— ey —
dy o

u
a:—3B=
Yo

Equation (1) then reads

Reference: Evans, Larry B., and Stuart W. Churchill, Chem. Eng. Progr.
Symposium Ser. No. 41, 59, p. 36 (1963).

and Equation (2)

323'2? + i (e"B) =0 Key Words: Tube-8, Inlet Region-6, Heat Exchanger-10, Air-5, Temperature-6,
¢ Oy Nusselt Number-8, Calorimeter-10, Thermocouples-10, Burner-10.

Abstract: Local film heat transfer coefficients for a gas flowing in the en-

with the appropriate boundary condi- trance region of a circular tube were experimentally determined for tempera-

tions tures up to 1,112°F. and a Reynolds number of 19,623, A novel method based
on measuring steam produced in insulated compartments which surrounded

y=0: a=1, B=0 the tube and contained saturated water was used to determine the coeffi-
y=w: a=0. cients. Results for a sharp edged entrance were compared with previous in-

. 19 foll hat if 0 and vestigators and a correlation was presented for the entrance region.
'rO it follows that i - 0
rom (12) it © e an Reference: Davey, T. B., Chem. Eng. Progr. Symposium Ser. No. 41, 59,

s P p. 47 (1963). .
if, for y = +, the quantity ™ (eV - )
Y

a

remains finite, the first equation of Key Words: Liquid-1, Boiling-1, Nucleation-1, Phase Change-1, Active Sites-

_(12) a't 71, can be aPPrOXimated with 1, Vapor-2, Bubbles-2, Vapor Column-2, Statistics-6, Site Distribution-6,
increasing accuracy by Mechanism-6, Boiling Properties-7, Thermodynamic-7, Hydredynamic-7, Heat
- Transfer-8, Nucleate Boiling-8.
P =0 (13) Abstract: Statistical analysis of existing data shows that the local popula-
3y2 tion densities of active boiling nucleation sites fit a Poisson distribution.

Expressions are obtained for the distribution of nearest-neighbor distances
and the average distances between nucleation sites. From this result means
are available for relating the nucleation properties of the surface with local
hydrodynamic and thermodynamic processes in a quantitative analysis of

The solution of (13) is the above-
mentioned Equation (7), and, conse-

quently, also Equation (10). nucleate boiling.

We already mentioned that § - oo It is concluded that patch-by-patch boiling is only a visual manifestation
if €0 > 0. This results in a decrease of of a completely random spatial distribution of nucleation sites, and that the
the error incurred when in the momen- dependence of site population on surface temperature is in accordance with
tum equation § instead of o is taken nucleation theory.
as boundary condition. Therefore, in Reference: Gaertner, R. F., Chem. Eng. Progr. Symposium Ser. No. 41, 59,
the extreme case of o = 0 (7) repre- p. 52 (1963).

sents the exact solution for the bound-
ary-layer equation. From (12), and
with the aid of (10), we can estimate
the magnitude of the deviation from (Continued on page 414)
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Key Words: Boiling, subcooled-8, Subcooled boiling-8, Mixtures-6, Alcohols-
10, Burnout-8, Burnout flux-8.

Abstract: Binary aqueous mixtures of lower alcohols and the pure companents
were subjected to subcooled nucleate boiling in an annulus on the surface of
an electrically heated 1/4-in. O. D. stainless steel inner tube. Data were
obtained at a pressure of 30 Ib./sq. in. abs. and a velocity of 4 ft./sec. with
subcooling between 60° and 110°F,

The dote indicate that greater superheat is required to produce a given
heat flux for the mixtures than for either of the pure components. For each
mixture the maximum superheat occurs at composition predominant in high
boiler. Burnout data were obtained for some compositions.

Reference: Rose, Williom H., Herbert L.. Gilles, and Vincent Uhl, Chem. Eng.
Progr. Symposium Ser. No. 41, 59, p. 62 (1963).

Key Words: Heat Exchange-7, Heating-10, Boiling-8, Vaporization-8, Burnout-
8, Axial Flow-13, Swirl Flow-13, Cross Flow-13, Properties-6, Organic
Fluid-9, Hydrazine-9, Ammonia-9, Diphenyl-9, Nitrogen Tetroxide-9, Ethylene
Glycol-9, Monoisopropylbiphenyl-9, Water-9.

Abstract: A generalized two-term additive prediction method has been de-
veloped in which one term represents the boiling contribution to the burnout
heat flux in the absence of forced convection and the other the equivalent
forced-convection contribution in the absence of boiling. The predictions of
this superposition method have been compared with all available experi-
mental data (1,326 points) for burnout with flowing, wetting liquids in the
absence of significant net vapor generation. The data compared are for
seven fluids in axial, swirl, and cross flow in tubular, annular, rectangular,
and rod geometries over very broad ranges of flow conditions.

Reference: Gambill, W. R., Chem. Eng. Progr. Symposium Ser. No. 41, 59,
p. 71 (1963).

Key Words: Boiling-1, 2, 8, Pressure Transients-4, 5, 6, 8, Burnout-2, 7, 8,
Pool Boiling-1, 2, 8, Transient-5, 8, Heat Transfer-1, 2, 8, Temperature Tran-
sients-5, 7, 8, Predicting-8, Nucleation-1, 8, Stainless Steel-5, 8, Horizontal
Strips-5, 8, Stainless Steel-Water-5, 8, Nucleate Boiling-1, 2, 8, Saturation-
1, 2, 8.

Abstroct: The effect of pressure decay on burnout in pool boiling of water is
investigated., Initial saturation conditions were allowed to decay to 1atm.,
and the time to burnout of a stainless steel ribbon with constant internal heat
generation was studied. Results are correlated on the basis of the pressure
vs. burnout heat flux curve for steady state pressure for the system. Time to
burnout was longer than predicted from the steady state curve and decay rate.

Reference: Howell, J. R,, and K, J. Bell, Chem. Eng. Progr. Symposium Ser.
No. 41, 59, p. 88 (1963).

Key Words: Flow Oscillations-8, Unstable-8, Dynamical Behavior-8, Heat
Transfer Loop-9, Two-phase Flow-9, Natural Convection-9, Natural Circula-
tion Loop-9, Boiling-9, Two-phase Pressure Drop-9, Steam Yolume Fraction-9,
Vapor-liquid Velocity Ratic-9, Conservation Equations-10, Analogue Com-
puter-10.

Abstract: The time and space dependent conservation equations are applied
to a natural circulation boiling water loop. The equation set is solved on an
analogue computer, and the results are compared with experimental loop re-
sults. The comparison shows the analogue model capable of predicting steady
state loop behavior, loop behavior with sinusoidally power input and power
level at which the loop oscillates.

Reference: Anderson, R, P., L., T, Bryant, J, C. Carter, and J. F. Marchaterre,
Chem. Eng. Progr. Symposium Ser. No. 41, 59, p. 96 (1963).

Page 414

{Continued on page 415)
A.L.Ch.E. Journal

the In-velocity profile at small values of
0. For this purpose « is written in a

Taylor series. Taking into account that
2

0
o = landa—a—=0aty:0this
series reads as follows

1 /a3
()
B RN

1 ( o ) ‘
41 N oy y='):)
The third and higher derivatives of «
with respect to y are calculated from
(12).
To this end the boundary-layer equa-
tion can be written

P 9 ( 2 Ja 4 ger da )
—_— o €57 — ey —
€l a Y 5

Oy2
(15)

(X3

+

v=0

(14)

d
For ;9% at small values of e, we find
from the approximated solution given
by (7) and (10)
O Ju dB ox

3% B ox 0E
9 2B
PR, e’_Y
Rea B—1 7
so that (15) can also be written
82 da e 2B
._._a. — _EK_ oy ev +
dy? x B—1
da
2¢0 Be"—
dy

Differentiating this formula a few
times with respect to y and each time
putting y = 0, we find for (14)

vy (1 [1
=1 =L+
o 1 B+K16‘Y
s (2-5)7
—_2—— +
24 Y
1( 4 2)-
__3_______ a+
120 B K/7
(16)
where
1_2a e—2B
K x B—1

Using Equation (10) the latter for-
mula can also be written
1 2a 1
= e
K x "2B(B—1)
For a small value of ¢ and, conse-

quently, a large value of B and k
Equation (16) may also be written

©  p—2

aox L n
“ B Kz n 7
n=3
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TaBLE 1, DIFFERENCE: a(17) — a(7)
AS A FUNCTION OF v AT B = 34

(THAT 18, €0 =~ 1072) AND —— = 102
X
b4 Aa
0 0
0,5 1,62 10-7
1,0 1,73 106
1,5 7,72 108
2,0 2,45 105
2,5 9,00 10-5
3,0 1,54 10—+
3,4 2,90 10—¢
d+a
Note: 4§ = In now is 3.401 instead of
3.400.
or

¥ 1
=] - = p— Y — Qg7
@ B+K('ye e’ +y -+ 2)
(17)

1
Since ra not only depends on B and e,

a )
but also on —, « now also is a function
x

a
of —
n

Apparently this dependence, which
is also to be expected from the bound-
ary-layer equation, is only of secondary
importance for a small value of e. By
way of example we have given. in
Table 1 the difference between the
velocity calculated from (7) and that
calculated from (17) for different val-
ues of y. This example has been so
chosen that for most of the boundary
layers occurring in practice the devia-
tions from (7) are even smaller.

Not only for small, but also for
large values of e, the accuracy with
which, for instance, (10) describes the
actual flow calls for some comment.
Fora— o (e = o) the flow around
a cylinder will change to a flow over a
flat surface.

It can now be derived that the rela-
tion

aTo

oo =T C (18)

is universally valid and that constant C
only depends on the method of calcu-
lation. Therefore a constant C can be
calculated both from the exact solution
for the flat surface and from (10).
The values for these two constants
are given in Table 2. From this table
it will be seen that the deviation from

adTo

- calculated from (10) is only 8%
N Vo

N aTo .
as compared with the —— which can
7 Vo
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Key Words: Pool Boiling-8, Maximum Heat Flux-8, Heat Transfer Coefficient-
8, Ethanol Liquid-1, Ethanol Vapor-2, Distilled Water Liquid-1, Steam-2,
Capillary Wicking-6, Vapor Venting-6, Acceleration-6, Maximum Heat Flux-7,
Heat Transfer Coefficient-7.

Abstract: Boiling heat transfer of ethanol takes place in a pool with the
coolant supplied from remote sources by capillary wicking. Heat transfer
coefficients are slightly reduced by the capillary material, while the maxi-
mum heat flux is adversely affected by the entrapment of vapor in capillary
pores. Small accelerations obove normal gravity were found to have little
effect on maximum heat flux or heat transfer coefficients. With distilled
water as a coolant, it is demonstrated that if the vapor produced is properly
vented, maximum heat fluxes can be made two or three times as great as
those experienced in normal pool boiling. The use of capillary wicking
seems promising both in zero gravity and in normal gravity boiling operations.

Reference: Costello, C. P., and E. R. Redeker, Chem. Eng. Progr. Sympo-
sium Ser. No. 41, 59, p. 104 (1963).

Key Words: Porous Media-5, Heat Transfer-7, Mass Transfer-6, Evaporation-
8, Condensation-8, Capillary Flow-8, Diffusion-8, Thermal Conductivity-8,
Thermal Diffusivity-8, Drying-8.

Abstract: Measurements were made of the effective thermal conductivities of
woven fiber glass sheets wetted with water, benzene, and methanol. When
the porous structure is partially saturated with liquid the heat transfer is en-
hanced by evaporation of liquid in hot regions followed by recondensation in
cooler regions. The data were obtained by a dynamic method of recording
phase shift and attenuation of a sinuscidal temperature wave as a function of
penetration. Results were obtained at temperatures from 25 to 70 °C. and at
liquid saturations of 0 to 100%.

Reference: Nissan, A. H., David Hansen, and J. L. Walker, Chem. Eng.
Progr. Symposium Ser. No. 41, 59, p. 114 (1963).

Key Words: Heat Transfer-8, Moving Bed-10, Flat Plate-10, Celite-5, Mica-5,
Glass Beads-5, Aluming-5, VYacuum-4, Dichlorodifluoromethane-5, Air-5,
Helium-5, Velocity-6, Thermal Diffusivity-6, Length-6, Coefficient-7, Homoge-
neity-7.

Abstract: Coefficients were measured for a moving bed of fine particles
{0.0012 to 0.0150 in.) with various interstitial gases (helium, air, dichloro-
difluoromethane) including vacuum. Heat transfer was from electrically
heated surfaces (1-1/2, 2-1/4, aond 3 in. long) at zero angle of incidence.
Velocities of the bed relative to the heat transfer surfaces were varied be-
tween 6 to 46 ft./min. The experimental coefficients were compared with the
ones predicted from o simple conduction model. The agreement of disagree-
ment between the two depends upon the thermal conductivity of the interstitial
fluid, the velocity of the bed, and the length of the heat transfer surface as
well as the particle size.

Reference: Harakas, N. K., and K. O, Beatty, Jr., Chem. Eng. Progr. Sympo-
sium Ser. No. 41, 59, p. 122 (1963).

Key Words: Drying-8, Rotary Dryers-8, Heat Transfer-8, Mass Transfer-8,
Differential Equations-10, Wet Pumice-1, Dried Pumice-2, Air Temperature-6,
Air Flow-6, Solids Flow-6, Solids Moisture-7, Heat Transfer Coefficient-7,
Residence Time-7, Moisture Profiles-7.

Abstroct: Heat and mass transfer in rotary dryers were studied theoretically
and experimentally. Cranular pumice was dried continuously in a perspex
dryer, whose efficiency was evaluated by a novel arrangement for tempera-
ture measurements. Two methods were used to prepare homogeneously
wetted granular material for the tests. Volumetric heat transfer coefficients
depended approximately on the 0.8 power of air mass velocity. The de-
pendency of solids residence time on air velocity was also investigated.
Determinations of pumice moisture throughout the dryer revealed @ maximum
deviation of 1% moisture between calculated and measured moisture profiles.

Reference: Myklestad, Ole, Chem. Eng. Progr. Symposium Ser. No. 41, 59,
p. 129 (1963).

{Continued on page 418)
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Key Words: A. Moisture Control-8, Rotary Dryers-9, Mathematical Analysis-10,
Parameter Adjustments-10, Wet Pumice-1, Dried Pumice-2, Feed Moisture-6,
Product Moisture-7. B. Moisture Disturbance-6, Predicted Compensations-7,
Control Actions-10, Transient Period-2, Residence Time-7.

Abstract: A mathematical analysis revealed that moisture control in rotary
dryers may be carried out by regulation of air temperature, cir velocity, and
feed rate respectively. Experimental adjustments of these parameters were
carried out as compensations for disturbances of the moisture of the raw
material (granulated pumice}, which was dried continuously. For disturb-
ances as high as 6% moisture, the product could be contralled to within 1%
moisture with respect to predicted values. Measurements of process param-
eters were made during the transient periods subsequent to disturbances and
control actions. The transient periods were approximately equal to the
residence times under the prevailing conditions.

Reference: Myklestad, Ole, Chem. Eng. Progr. Symposium Ser. No. 41, 59,
p. 138 (1963).

Key Words: Transpiration-8, Perforated-5, Tantalum-5, Stainless Steel-5, Dry
Nitrogen-5, Ablative-1, Backing-1, Teflon-1, Polystyrene-1, Pyrolyzed-2,
Products-2, Heating Rate-6, Application Pressure-6, Degradation Rate-7,
Metal Temperature-7.

Abstract: A seif-regulating transpiration cooling mechanism is analyzed and
investigated experimentally at heating rates up to 1,200 B.t.u./sec. sq. ft.
By applying an ablative backing to an electrically heated porous metal sur-
face, a degradation mechanism similar to that associated with the ablation of
a reinforced plastic is obtained. The high surface energy absorption charac-
teristic of reinforced plastic degradation is thus retained and the dimensional
stability of the cooled surface is also maintained.

Reference: Staub, F. W., and A. E. Flathers, Chem. Eng.‘ Progr. Symposium
Ser. No. 41, 59, p. 145 (1963).

Key Words: Heat Transfer-1, n-Octadecane-1, Equilibrium-2, Rates-2, Pro-
files-2, Temperature Gradient-6, Melting-8, Freezing-8, Phase Change-8,
Interface-8, Microscope-10, Motion Pictures-10, Anisotropy-, Crystals-.

Abstract: The interface between solid and liquid n-octadecane at steady
state heat conduction was irregular and in motion when examined by motion
picture photography through a microscope. During melting and freezing the
interface velocity was definitely faster than predicted by the numerical
method of Murray and Landis.

Reference: Thomas, L. J., and J. W. Westwater, Chem. Eng. Progr. Sympo-
sium Ser. No. 41, 59, p., 155 (1963).

Key Words: Instrument-8, Enthalpy-6, Measurement-7, Temperature-6, Pres-
sure-6, Gas-1, Dissociation-5,- Colorimeter-8, Energy Balance-2, Heat Trans-
fer-2, Cooling-8, Forced Convection-2, Heater-10, Design-8, Fabrication-8,
Response-8.

Abstract: An instrument useful for measuring the stagnation enthalpy of a
high energy gos stream is described. The instrument operates on a calorime-
tric basis and the stagnation enthalpy is obtained by an energy balance.
The instrument hos been evaluated in the temperature range of 1,500° to
4,510° R. and has been shown to operate in a satisfactory manner when com-
pared with other more conventional methods of temperature or energy meas-
urement. Design considerations and an analysis of transient response of the
instrument are described.

Reference: Haas, Frederick C., and Franklin A. Vassallo, Chem. Eng. Progr.
Symposium Ser. No. 41, 59, p. 165 (1963).
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be calculated from the exact solution
for the flat surface, so that (7) and
(10) describe the flow with reasonable
accuracy, also for a large value of e.

In approaching the velocity profile
according to the Pohlhausen method,
the velocity is expressed as a power

series in —Sy— When this method is ap-

plied to the boundary layer around a
cylinder, it appears that this solution
does not satisfy the boundary condition
on the outside of the boundary layer,
whereas for the flat plate it does. In
our opinion this drawback has arisen
from the change in shape of the viscous
part of the boundary layer following
the introduction of cylinder coordinates
[see (1)]-

Transforming the boundary-layer
equation by the introduction of new
variables in such a way that after the
transformation the viscous part of the
boundary layer again has the same
shape as in the case of the flat surface,
compare, for instance, (12), and writ-
ing the velocity as a power series in

Y\Y =%

/\(/\ 2y A
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Vs ) we find that it

is possible to satisfy the boundary con-
dition on the outside of the boundary
layer. Applying different boundary
conditions, we can thus derive different
Pohlhausen solutions.

Using the boundary conditions
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we find as solution for the velocity

=1 3A+1A3
a = 27 2’)’

Using the momentum equation, we

find for A
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we find for the velocity
A A A
a=1—2y+ 2y5—*

and A can now be derived from
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Determining by differentiation from
the boundary-layer equation what de-
rivatives become zero on the inside and
on the outside of the boundary layer,
we obtain the following boundary con-
ditions

and the following velocity
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The solutions (19), (20), and (12)
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approach (18), if @ = . For the dif-
ferent solutions different values of C
are obtained. These values are given
in Table 2.

In the case of the flat plate, Sakiadis
(2) found the following relation for
the shear stress on the wall

Vo
To=—D'77‘Uo\/— (18)
vX

The coeflicient D is dependent on the
boundary conditions taken into account
in deriving the Pohlhausen solution. If
we multiply the shear stress on the wall
by a, we obtain, by the application of
(97,

arTo

— D\ e

N Vo
This equation is the same as (18), if
C=DV2

Now we can calculate C in (18)
from the Pohlhausen solutions of the
flat plate (Table 2). The C-values of
Pohlhausen solution 2 for the flat plate
can be obtained from the integral solu-
tion of Sakiadis (2) for the flat plate.
The other solutions for the flat plate
can be obtained in a similar way.

From Table 2 it appears that the C-
values for cylindrical surfaces calcu-

TABLE 2. THE C-vALUES FROM (14) CALCULATED ACCORDING TO DIFFERENT METHODS

Method

Exact solution

Sakiadis solution®
Pohlhausen solution 1*

Boundary conditions on the outside
O
=0

a =0,

Pohlhausen solution 2*
Boundary conditions on the outside
Za 0%
a =0, —— =0, =0

oy o2

Pohlhausen solution 3*
Boundary conditions on the outside
Qa 2a o
a=20,

= 0, =Y,
oy o2 o8

=0

C calculated
from solutions
for cylinder

C calculated
from solutions
for flat plate

0.6276 —_
— 0.5774
0.5946
0.6053
0.6103
&

© The boundary conditions on the surface of the cylinder are a = 1; —a’-;; =0.
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lated from (19), (20), and (21), and
those calculated from the correspond-
ing solutions for the continuous flat
surface are identical. The Pohlhausen
solutions derived here change for a -
o into the Pohlhausen solution for the
flat plate. Further we see that the C-
value, calculated from the exact solu-
tion of the flat plate, is approximated
with increasing accuracy as more
boundary conditions are used in the
Pohlhausen solution.

For large values of e the actual
boundary layer is described more accu-
rately by the Pohlhausen solutions de-
rived above than by the Sakiadis solu-
tion. For small values of e the reverse
is true. This is remarkable, because in
the Pohlhausen solutions the boundary
conditions on the outside of the bound-
ary layer are fulfilled for even the value
of € and in the Sakiadis solution they
are only fulfilled for ¢c = 0.

The accuracy with which solutions
(7) and (10) describe the boundary
layer for small values of e is clearly
demonstrated in Figure 1, where in
addition to the theoretical solutions ex-
perimental data also have been plotted.
These data have been obtained both in
measurements of the velocity profile
and in direct force measurements on
model threads drawn through a water
basin.
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NOTATION

x,r = cylindrical coordinates

u,v = fluid velocity components in
the x and r direction

vo = cylinder velocity

a = radius of the cylinder

! = viscosity

v = kinematic viscosity

) = boundary-layer thickness

€o = dimensionless parameter for
the laminar boundary layer

a, B = dimensionless velocity compo-
nents
A .

vs L, v, €, y = dimensionless coordi-

nates
T = shear stress on the wall
A, B = dimensionless functions of x
C, C» = dimensionless constants
= dimensionless function of g, x,

and B
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