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Preface 

This report concerns an Interferometer study of the 

effects of reduced pressure on free convection. The range 

of pressure investigated was from 0.S8 atm to 0.0$ ato. 

During the study an accurete and Inexpensive oressure 

regulator was developed which Is described In the chapter 

on experimental apparatus. Also, a digital computer pro¬ 

gram for a table used to evaluate temperature from Inter- 

ferograms may be found In Appendix B. This program can be 

easily modified for any particular Interferometer study. 

1 wish to express my appreciation to Dr. Andrew J. 

Shine, my faculty advisor, for his Interest and valuable 

aid throughout the study. 1 also wish to acknowledge the 

assistance given me during the study by Frank Jarvis of 

the Mechanical Engineering Laboratory. 

Richard C. .«alker 
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Abetract 

This report concerns cn Interforoaeter study of the 

effect of reduced pressure on free convection fron a verti¬ 

cal plrte. The Interferometer was used to visually observe 

the boundary leyer on the plate and to deterdne the heat 

trenefer coefficient over a ranpe of pressure froc G.Ç87 atm 

to 0.0S atm. The free-convective heat transfer coefficient 

was experimentally found to be proportional to the 0.47 

power of the pressure which is within experimental limits 

of the theoretical prediction (0.5C power of the pressure). 

The boundary layer thickness was observed to increase as 

the pressure was reduced. 

ix 
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IKTERPEROJiTER STUDY OF THE EFFECT OF REDUCED PRESSURE OK 

FREE COKVECTIOK FROM A VERTICAL PLATE 

I. Introduction 

This Is a report on an Interferometer study of the 

effect of reduced pressure on free convection. The first 

chapter will Include background Information on the subject 

and the purpose, scope, and organization of the report. 

Background Information 

Past studies have been made of free convection at re¬ 

duced pressures from spheres and horizontal cylinders. In 

1$24 Rice determined the free convection heat transfer from 

horizontal cylinders In air at pressures ranging froc C.11 

atm to 1.0 atm (Ref 6:305). More recently (1$54) kadden 

and Plret determined the froe-convectlve heat transfer co¬ 

efficient for spheres and wires In air, helium, and argon 

at pressures ranging form 5.0 X 10“6 atm to 1.0 atm (Ref 7:653). 

In the studies conducted by Rice, Kadden, and Plret, 

an indirect method was used to compute the free-convective 

heat transfer coefficient. First, they measured the total 

heat transfer coefficient, then subtracted from It a cal¬ 

culated value of the radiant heat transfer coefficient to 

obtain the free-convective heat transfer coefficient. 

Another method used to calculate the free-convectlve heat 

transfer coefficient makes use of the interferometer. 

1 
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The interfcroneter cakes it possible to coopute the 

free-convective heat transfer coefficient directly* R. B. 

Kennard was the first to demonstrate this method when he 

published in 1$31 the results of his experiments on free 

convection from a vertical plate. E. Eckert and E. Soehngen 

also used an Interferometer to study free convection from 

a vertical plate in 1$47. In their report they indicated 

a better agreement of heat transfer data existed between 

those who used the interferometer method than those who used 

the indirect method to calculrte the free-convective heat 

transfer coefficient (Ref 4:3). 

Purpose 

Thus far free convection at reduced pressures has been 

experimentally investigated from cylinders and spheres using 

an indirect method to compute the heat transfer coefficient. 

The purpose of this study is to determine the effect of 

reduced pressure on free convection from a vertical plate 

by using the interferometer as a means to measure the free- 

convective heat transfer coefficient directly, and to observe 

the boundary layer. This study is unique in that the inter¬ 

ferometer is used to study free convection at sub-atmospheric 

pressures. 

Scope 

This study considers only laminar free convection at 

air pressures ranging from 0.09 atm to .987 atm on a vertl- 

2 
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cal surface with uniform temperature distribution. The 

temperature of the plate Is varied from 170°F to 230°F. 

Organization 

The remainder of the report will be divided Into the 

following aeotlons: (l) problem analysis, (2) apparatus, 

(3) experimental procedures, (4) evaluation of data, (5) 

results, (6) discussion of results, and (7) conclusions. 

3 
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II* Problem Analysis 

In this chapter the problem of determining the effect 

of pressure on free convection Is analysed. This Is done to 

find what quantities must be determined experimentally in 

order to obtain a solution to the nroblem. 

This chapter will be presented In three parts: (l) 

dimensionless parameters used in the solution to the problem, 

U) solution to the problem and (3) assumptions necessary 

to solve the problem. 

dimensionless Parameters 

In the determination of the free-convective heat transfer 

coefficient It is convenient to uee dimensionless parameters. 

The dimensionless parameters used In the study of free 

convection are the Kusselt, Grashof, and Prandtl numbers. 

The application of cimcnsional analysis to free convection 

produces the dimensionless parameters and the relationship 

amonr the parameters as shown in £q (l) 

Nu = C(6rPr/n (1) 

where C and rn are constants (Ref 5:69,75). To find the 

value of the constants O and m ; the Kusselt, Grashof, 

and Prandtl numbers must be determined. 

4 
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Kusselt Number. The Kusselt number can be determined 

experimentally by equating the heat flow through the boundary 

layer as defined by h [left side of Eq (2)j to the expres¬ 

sion for the heat conduction through the stagnant film of 

air on the surface of the plate [right side of Eq (2)] • 

he = k ¿I 
,dy (2) 

Multiplying Eq (2) by X and solving for the expression . 
k 

which Is the Kusselt number based on the length X , gives 

kd -X 
dy 0 (3) 

The temperature gradient can be determined from Interfer- 

ograms and the quantity 9 by measurements of the plate and 

ambient temperatures. Thus the Kusselt number can be ex¬ 

perimentally determined at any point X along the plate by 

use of Eq (3). 

Orashof Number. The Grashcf number represents the ratio 

of buoyant forces to the viscous forces and is riven by 

Srx= (4) 

If the perfect gas equation of state is used to eliminate^ , 

Eq (A) becomes 

_ 9C PW 
Gr*= IFrV'2- (5) 

5 
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Which la the Graahof number baaed on x now expreaaed aa a 

known function of preaaure. The quantitlea appearing In 

B) (5) are either known or can be determined experlaentallyi 

therefore, the Oraahof number can be determined at any point 

* along the plate, 

itSüâîl »fflbsj. The Prandtl number la given by Eq (6) 

and can be found directly from the air tablee. 

Solution 

*ith the valuea of Nu , Pr , and 6r known, the con- 

atante C and m appearing In Eq (1) can be determined. Eq 

(1) may be written aa 

. RJTJ//k . 

rt) 

fron which the effect of pressure on the heat transfer 

coefficient cen be seen to be 

(7) 

|-|OC pjnr) 

where m can be experimentally determined. 

(3) 

6 
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Assumptions 

Some of the inportant assumptions used to obtain the 

relation In (5) will be discussed In this section. They 

Include assumptions concemlnr a perfect fßs, Inertia forces, 

continuum, and frce-molecule conduction. 

Perfect Gas. The assumption that air behaves as a 

perfect ~as was used to obtain the Grashof rumber as a 

function of pressure as shown in Lq (5). The cir considered 

in this study is fmr below the critical rtesure of £ir; 

therefore, the perfect ras assumption is vslid (Kef i:4l). 

Inertia Forces. The inertia forces of the fluid in the 

boundary layer are nerlccted in the relationship between 

the i.'usselt, Crashof, end Frene.tl numbers as expressed in 

Eq (1). For air this is a food assumption (Ref 

Continuum. In this study it is assumed ttr t the dr 

can be treated as a continuum, even though the pressure of 

the air is as low as C.CS atm. In the concept of a continuum, 

the macroscopic properties dcscrlblnr the '’rocs behavior of 

the substance is dealt with Insterd of ceallnr with the in¬ 

stantaneous state of many molecules. The concept of the 

continuum is valid as lony as the mean free path of the 

molecules is not of comparable size with the smallest dimen¬ 

sion of the plate (Ref S:4). The mean free oath of air 

molecules at C.CS atm and rc°F is 3.46 XI0“^ inches. 

Free-I-.olecule Conduction. According to Blodgett and 

Langmuir, heat is lost by free-molecule conduction from the 

7 
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solid through the peo for a distemce equal to the mean free 

path of the ras molecules (Ref 7:653). In this study the 

resistance to free-molecule heat conduction Is neglected. 

In other words, the temperature- of the film of air next to 

the plate Is assumed to be at the temperature of the plate. 

Free convection experiments by Àadden and Piret with spheres 

end wires at low pressures revealed that the resistance to 

free-molecule conduction can be neglected as long as the air 

can be treated as a continuum (Ref 7:653), 

8 
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111. ¿.xperlmental Apparatus 

In this chapter a description of the experimental 

apparats used In the study Is presented. The experimental 

apparatus, as shown In Flç\ 1, can be divided Into three 

main components: (l) interferometer, (2) test plate, and 

(3) vacuum system. 

Interferometer 

The interfurometer cor.alsts of an optical arrangement, 

a llpht source, and a camera. 

Optical Arranrepent. The interferometer used in this 

study has the Zender-I.ach type optical arranrement ..1th 

eirht Inch dlrxieter optical parts. Complete information on 

the arrangement of the optical system may be found in (Kef 4:4). 

Ll£ht Source. The llrht source of the interferometer 

consists of a lanr r.nc filter. Fir, 2 shows the enectrum, 

w: velenrth, and relative intensity cf the lirht emitted from 

the mercury lamp used in this study. A Wratten 77A filter 

was used in conbir.c tion with the mercury Injuv) to produce 

S4ClX monochromatic y re er. lirht. 

A Cenco monochromatic filter which passes 435CA llpht 

from tv,e mercury spectrum w:r aleo used to produce a blue 

lirht. 

9 
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SäHü. * 3 X 5 GraneX camera with a folarold baclt 

was used to obtain the Interferoetrane. Type 42 Polaroid 

«lin was used with the green light and type 47 fnB wa, 

used with the blue light. 

Ilfit Plate Conpone^ty 

The componente of the te.t plate were a plate, a power 

control unit, and a thermocouple system. 

asa. The plate, cade fro. coat aluminum, la el* 

inches high end ten Inches lone. Four Individual heater. 

used to hect the plate to temperatures as high as ?0C°F. 

Four iron-constantan thermocouple Junctions were Inserted 

from the r.ar of the elate and held close to the surface by 

countersunk screws. The face of the Plate was made smooth 

by sandln,- the alumlnuc cecent which •„■as used to cover the 
screw heede. 

£oier Control ton. The power control unit consisted 

of one master voltage regulator and four poweretat type 

voltage regulators. Each of ths four regulators was connect¬ 

ed directly to a corresponding her ting element. 

toC°Urle"- Ihe Iron-conetantan thermocouples 

from the plate were connected to a Rubicon potentiometer 

by means of a selector switch. An ice-water mixture was 

used as ths reference temperature in deUrmlng the plate 

temperature. 

12 
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Vacuuc System 

The vacuum system was used to produce and maintain 

pressures from 0.0$ atm to 1.0 atm. The main components 

of the vacuum system are the chamber, the pump, and the 

automatic pressure regulator. 

Chamber. The chamber is seven feet hirh one two and 

one half feet in diameter. It is made of metal except for 

the top cover which is wooden, and the two 2-inch diameter 

InUrferonxter windows. A thermometer wre inserted into 

the chamber to repister the chrmb-r .-ir te: rerr ture. 

Pumn. A Cenco-Hypervec Í5 vacuum pump v.te uced to 

evecuete the air from the chamber. 

Preasure Rcfulator. Fif. 3 chows a prccrurc repulator 

which was developed durinp the course of the study. The 

components of the pressure repulator are a mtreury manometer, 

two wire contacts, and a solenoid valve. 

The mercury manometer served two purposes in the oper¬ 

ation of the repulator. First, the u.anometer indicated the 

pressure in the chamber; and second, the mercury served as 

a conductor between the two wire contacts Inserted in the 

manometer tube. 

The desired pressure was set by vertical positioning 

of the wire contacts In the manometer tube. The wire contacts 

completed a circuit to the solenoid valve which repulated the 

amount of air leavinp the chamber. The pressure in the 

chamber was controlled by the repulator to within - 0.01 

inches of mercury. 
13 
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Fir. 3

Pressure Repulator 
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IV. Experimental Procedure 

In this chapter the procedures used to obtain the data 

necessary to compute the Nusselt» Grashof, and Prandtl num¬ 

bers are presented. The discussion of experimental procedures 

can be divided Into two areas: (1) the preliminary proced¬ 

ures and (2) the obtaining of data. 

Preliminary Procedure 

The preliminary procedures concerned mainly the test 

plate and the Interferometer. 

Test Plate. The test plate was Placed in the vacuum 

chamber and aliened with the Interferometer by visual means. 

The vertical alignment of the plate was checked by compering 

a plumb bob with the edge of the vertical portion of the 

shadow cast by the plate. 

A uniform plate temperature to within - 2°F wae obtained 

by adjusting the power Input to the four plate heaters. 

Interferometer. Instructions In (Ref 2:12) were used 

as a guide to adjust the Interferometer to produce fringes. 

All interferograms used as test date were taken with the 

Interferometer adjusted to the Infinite-fringe (Fig. 4a), 

as opposed to the finite-frinre adjustment (Fig. 4b). The 

fringes in Fig. 4a represent lines of constant temperature 

since the pressure is assumed to be constant in the boundary 

layer. 
15 
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(a) infinite fringe

y

\ V.

(b) finite fringe

Fir. 4

Interferograj-s

Obtaining Data

The data was obtained in the following manner;

1. The desired vacuum in the chamber was set and main­

tained by the pressure regulator,

2. The plate temperature was allowed to stabilize 

which required about one hour for a chamber pressure change 

of one inch of Hg. The temperature was considered stabilized 

when the plate temperature remained constant for approximately 

ten minutes.
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3. Two interferopram photographs were taken at the 

stabilized plate temperrture. The photographs were marked 

to Indicate the wavelength of light which exposed the film, 

4, At the time the photographs were taken the chamber 

temperature, chamber pressure, plate temperature, room temp¬ 

erature, and barometric pressure were recorded, 

3* The regulator was set to a new chamber pressure and 

procedures 2 through 3 were repeated until the desired amount 

of data was obtained. 

Two sets of data Were taken in an effort to check on 

the reproducibility of results. Table I in Appendix A shows 

the first set of data that was obtained with a plate-chamber 

temperature difference of 1C1°F at ambient pressure. The 

second set of data shown in Table II, Appendix A was obtained 

with an initial ’'l ate-chamber tejera ture difference of o0?. 

17 
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V. Evaluation of Data 

The data were induced to two dimensionless quantities* 

the Nusselt number, md the product of the Grashof and Prandtl 

numbers# However, before the data could be reduced to 

Kusselt numbers, the temperature gradient of the air near 

the plate had to be evaluated from the interforogrrme. In 

this chapter the evaluation of the interferogram, the Nusselt 

number, and the product of the Grashof and Prandtl numbers 

are discussed. 

Interferorrams 

All interferograms were evaluated at stations two, three, 

and four inches from the leading edge of the plate to determ¬ 

ine the temperature gradient at the plate. The method used 

to evaluate the temperature gradient follows a method used 

by Shine# This method consisted of dividing the tempera¬ 

ture difference between fringes near the heated surfe ce, by 

the spacing between the same fringes. Shine found that the 

above method agreed very well with the longer temperature- 

profile method which Is often used to find the temperatura 

gradient (Ref 10:60). 

Spacing between Fringes. The spacing between fringes 

was measured by using a Gaertner comparator. The photograph 

was aligned with the vertical hairline of the microscope 

18 
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coincident with the edge of the plate and the horizontal 

hairline on the station of the plate to be evaluated. The 

distance Ay was measured from the center of the second black 
fringe to the center of the first black fringe as counted 

from the plate. Since Ay was measured on photographs which 

were not of actual size, a scale factor (S) had to be determ¬ 

ined. 

The scale factor was determined by dividing the measured 

length of the reference wire from the photograph, by three 

inches, the known length of the reference wire. The scale 

factor for most of the photographs was 0.604, Considering 

the scale factor and the conversion of inches to feet, the 

spacing between the two fringes nearest the wall is given 
. Ay 
7 su' 

Temperature Difference between Frlnres. The difference 

between the temperature of any fringe € and the chamber 

temperature is given by Eq (£) 

\.e 
AT =T, 

CLirc-A„£ (S) 

where 6 is counted from the undisturbed air toward the oíate. 

In this study Ec ($) was used to calculate the temper¬ 

ature of the two fringes nearest the plate. The temperature 

difference between the two fringes was called ^ . Table 

111 in Appendix B was prepared using a digital computer 

from the backeted portion of Eq ($). /,hen the value of 

/c and £ are known, the table gives the value of the brac- 
19 
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keted portion of Eq (9) which facilitates the use of the 

equations. The development of Eq [9) and the computer 

program for Table 111 are given In Appendix B. 

Igpperature Gfadjefit. The expression for the tempera¬ 

ture gradient at the plate In terms of the quantities Just 

discussed becomes 

dT . 
dy Ay (10) 

i.'usaelt Kumber 

The Kusselt number was found by combining Eq (3) and 

Eq (1C) 

(11) 

IXptuet of Grashof and Prendtl Numbers 

The product of the Grashof and Prandtl numbers was found 

by combining Eq (A) and Eq (6) 

or 

k* (12) 

PrGrx= q0x3 

20 
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where 

3c^ef 
QS !<// 0*) 

The value of Q. for air at standard atmospheric pressure 1s 

shown as a function of temperature ln 71g« 5« For other 

pressures (X must be multiplied by the square of the pressure 

in atmospheres (Ref 1;l67)« The values of a used in the 

quantity PrGr were obtained using the mean value of the 

plate and chamber temperatures« 

21 
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fib. 5 

Air Properties in (PrGr) vs. Tem-erc.ture 

(Fro«. Ref 1:306) 

22 
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VI« Results 

The results of this study will be given in two parts: 

(1) the effect of reduced pressure on the heat transfer 

coefficient, end (2) the effect of reduced pressure on the 

boundary layer« 

Effect o£ Reduced Pressure on t£e Heat Transfer Coefficient 

Figs« 6, 7, and 8 show the effect of reduced pressure 

on free convection at stations two, three, and four Inches 

from the leading edge of the plate. In Chapter II it was 

shown that 

h 
(8) 

The slope of the line faired through the experimental points 

on each of the Figs, is the value of m • The average value 

of m from Figs, 6, 7, and 8 was found to be 0,235« Therefore 

470 
hxP' 

In other words, the heat transfer coefficient is approximately 

proportional to the square root of the pressure. 

Fig. 9 is a combined plot of the points in Figs. 6, 7, 

and 8 to show the variation of Nusselt number with pressure 

and with distance from the leading edge of the plate. 
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Slâfit of Reauçed Pres eure ¿n the Boundary Laver 

The boundary layer was observed to become thicker as 

th» pressure vas dsorsassd. Fie», to, It, 12, 13, «m ,4 

show ths actual alas of ths plats and boundary layar at 

various chamber pressures* 
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V-Sll

/ . V

0= 39.0°F

Fig. 10

Tp = 160®F

Actual Size Interferogram of Boundary Layer 
on a Vertlcsl Plate at C.955 atm Pressure
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& = 94.1°F Tp = 170.2°F

FIs. 11

Actual Size Interferosram of Boundary Layer 
on a Vertical Plr-te at 0,735 atm Preesure
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O - 127.2°F

Fig. 12

T^= 205.0®p

Actual Size Interferogram of Boundary Layer 
on a Vertical Plate at O.3A2 atir Pressure
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6= 150°p

Fig. 13

Tp= 226°?

Actual Size Interferofrem of Boundary Layer 
on a Vertical Plate at 0.210 atm Pressure
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myjfL
0= 149.0°F

Fig. 14

Tp= 223.0°F

Actual Size Interferogram of Boundary Layer 
on a Vertical Plate at 0.0906 atm Pressure
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VII, Discussion of Results 

hXîPSfi <¡¿ Reduced Pressure on the Heat Transfer Coefficient 

The discussion of the results of the effect of reduced 

pressure on the heat transfer coefficient will be divided 

into two parts: (1) comparison of experimental with theo¬ 

retical results, and (2) factors affectlns the results. 

Comparison of Experimental and Theoretical Results. 

The solid line of Figs, 6, 7, 6, and 5 represent the theo¬ 

retical solution of free-convective heat transfer from a 

vertical plate for a Prandtl number of 0.70 as determined 

by solution of the boundary layer equations (Ref 3:315), 

As can be seen from Flps, 6, 7, and 8 the slope of the 

experimental line is very nearly the same as the theoret¬ 

ical line. The difference is due to experimental factors, 

some of which will be discussed later. 

Fig, 9 shows that the effect on the Nusselt number is 

the same regardless of whether the pressure or the dimension 

is varied to change the Grashof number. 

Factors Affecting the Results. Some of the factors 

which could influence the results are as follows: choice 

of property reference temperature, error in temperature 

difference per fringe (Ci ), error in spacing per fringe 

(d y ), and variation in the plate-chamber temperature 

difference (0 ). 
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The mean value of the plate and chamber temperatures 

was used as a reference temperature to evaluate the properties 

of air in this study. The use of a higher reference temp¬ 

erature to compute the gas properties would have resulted 

in a lower Orashof number which would shift each point on 

Figs. 6, 7, 8, and 9 to the left. Similarly, the use of a 

reference temperature lover than the mean temperature would 

shift each point to the right. Since each point would be 

shifted approximately the same amount, the slope of the 

line through the points in Figs. 6, 7, and 8 would not 

be greatly affected. 

Another factor which could affect the results is the 

Inherent errors in the Interferometer, such as end effect 

and aberration effect (Ref 4:7). However, the interfero¬ 

meter errors would affect each value of the Nusselt number 

in the same manner and shift each point on Figs. 6, 7, 8, 

and 9 up or down. Therefore, the slope of the line through 

the points (m) would not be greatly affected by the inter¬ 

ferometer errors. 

The factor which caused the greatest scatter in the 

data points on the graphs was the error in measuring the 

spacing between fringes near the wall. The spacing between 

fringes became greater as the pressure was decreased as 

shown in Figs. 10 through 14. The greater spacing between 

fringes required more Judgement; therefore, a greater 

possibility of error existed in determining the center of 
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the frince In the measurln? process. Therefore, an effort 

was made to decrease the speclnp betv;een fringes,

A decrease in spacing betv;een fringes was accomplished 

by using a blue filter Instead of the green filter with the 

mercury lamp. Fig. 15 shows a comparison of the fringe 

spacing obtained with the blue and green filters. Figs.

6, 7, and S show that data obtained using the blue filter 

agrees very well with the theoretical equation.

m.

V, - ^

Blue Filter Green Filter

Fig. 15

Interferogram Fringe Spacing
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The variation of the plate-chamber temperature ( 6 ) 

could have had a direct Influence on the results. The 

first set of data (Table 1) was obtained usln? an initial 

plate-chamber temperature difference (0) of 101 °F. A 

second set of data (Table 11) was obtained using an initial 

(£) of 88°F. It was found that the first set of data with 

the larger Q generally ?ave a larger value of the Nusselt 

number than the second set of data fòr the same value of 

the product of Prandtl and Grashof numbers. Shine also 

noticed that the Nusselt number Increased with increased 

0 for a constant value of the product of Prandtl and Grashof 

numbers, during an Interferometer study on free convection 

(Ref 10:54). Tables 1 and 11 show that 6 Increases as the 

pressure decreases. The Increase in 0 with decrease of 

pressure could explain the ret son for the slope of the 

experimental line to be less than that of the theoretical 

line in Figs. 6, 7, and 3. 

Effect of Reduced Pressure on the Boundary Laver 

In the preceedlng section the heat transfer coeffic¬ 

ient was found to decrease with decreasing pressure. It 

would follow then that the resistance to heat transfer 

Increases as the pressure is decreased. Fies. 10 through 

14 Illustrate this, as the boundary layer thickness which 

offers the resistance to heat flow is seen to Increase with 

decreasing pressure. 
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The decreasing number of fringes with decreasing pres¬ 

sure, as shown in Figs. 10. through 14, can be explained by 

considering Eq (9). 

4T=Te X. C 
CLÏ-XJ CO 

(9) 

The temperature difference between fringes Increases as 

density of the air in the chamber ( Yc) is lowered by lower¬ 

ing the chamber pressure. Therefore, the number of fringes 

in the boundary layer decreases for a given plate-chamber 

temperature difference. 

The temperature boundary layer thickness in Figs. 10 

through 14 becomes difficult to define as the pressure is 

decreased. For example, the difference between the chamber 

temperature and the temperature of the first fringe in 

Pig. 10 is 4.20°F. Whereas, in Fig. 14 the difference 

between the chamber temperature and the temperature of the 

first fringe is 55.5°F. The partial white fringe around 

the rear of the plate in Fig. 14 is the result of the plate- 

chamber temperature difference not being great enough to 

produce one complete fringe. 

t 
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VIII. Conclusions 

Based on the Interferometer study of the effect of 

reduced pressure on free convection from a vertical plate 

presented in this report, the following conclusions are ■ 
drawn: 

1. The free-convectlve heat transfer coefficient le 

proportional to the C.4? power of the pressure which le 

within experimental limits of the theoretical prediction 

(0,50 power of the pressure). 

2. The free convection boundary layer thickness In¬ 

creased as the pressure decreased, 

3« The effect on the Nusselt number Is the same re- 

gerdless of whether the pressure or a dimension is varied 

to change the Grashof number. 

A, A blue light source for the Interferometer will 

give more fringes than a conventional green light source, 

resulting in better accuracy In determining the Nusselt 

number at air pressures below C.400 atm. 

5, The Interferometer can be used with good results 

for free convection studies at sub-atmospheric pressures. 
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Appendix B 

teveloraent of Table 
lecperature 

For Intcrfero-rac 
Evaluation 
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Levelopnent of s\ \.e 
a.rc-\£ 

Soehnren end Eckert developed an expression for the 

density of a frlnre in the boundary layer piven by 

r-% yccLj (Ref 4:2-3) (15) 

COEblnlno the equftien of stite for ft perfect res and Ec (15) 

results in 

r=4=p 
Rr Rirc l-hi£. 

r¿L (15) 

Uslnr the assumption P = In the boundary laytr rnc the 

eeuatlon of state for r. "crfi-ct ^as, Eq (1Ó) becomes 

r=r 
rea 

cl£Ci->*.£J 
The température clifcrenct between : ny frinre end the ref¬ 

erence temperature Is riven by 

(1?) 

dT--T-rt 

Öubstltutlnp Eq (17) Into Ec (13) rives 

4CL 

(1C) 

4i=rt 
ïcCL-\e 

-i 

or the desired result: 

AT = Tt 
CLW 

(IS) 

(S) 
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Cozeu ter Proems for Table 111 

Fie. 16 shows the dieltal computer program for the 

bracketed portion of Le (S). This program can serve as 

a gi'ide In the preparation of tcbles for different model 

lengths from the 10 Inch length used In Table 111. 

160001 oooooon 60001 oooooops 
ENTER SUBROUTINES, PUSH START 
1620 FORTRAN SUBR, 9/30/61 
LOAD DATA 
160001000000PS 
ENTER SUBROUTINES, PUSH START 
1620 FORTRAN SUBR. 9/30/61 
LOAD DATAI 60001000000ßr 
ENTER SOURCE PROGRAM, PUSH START 
08300 C FORTRAN TEMPERATURE DIFFERENCE CALCULATION 
08300 GAMA«.0750 
08336 CONST-3.03E-3 
08372 BDA0-1.791645E-6 
Ö6408 009 1*1,35 
08420 EPS»1.0 
08456 GAMA-GAMA-.001 
08504 PRINT 6,GAMA 
08528 007 J-1,30 
08540 B-(BDA0*EPS)/(C0NST*GAMA-BDAO*EPS) 
08696 PRINT 8,B 
Ö8720 EPS-EPS+1.0 
08768 7 CONTINUE 
Ü8804 9 C0NTINUE 
Ö8840 6 FORMAT(F9.4) 
Ö8862 8 F0RMAT(F1O.6) 
Õ8884 END 

Fig. 16 

Computer Program, for Table 111 
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Table III 

Table of A.£ fo£ Interfcrop-rm 

Temperature Evaluation 

The temperature T represented by fringe ó is flven by 

T-\=\ 
\o£ 

a re-\e 

X o 

L 
C 

K 
Tc 

Symbole 

5461 A 

Frlnre number 

Length of plate, 1C inches 

Constant, C.CC3636 ft’/lb 
m 

density of reference .-ir. ft'/lb 
i 

Tei-.^erature of reference sir, °F 

The remainder of Table 111, for values of ^ froc C.C710 

to C.COO, is loci tec: in the AF1I Mechanical Znrlncerlnr 

Department files. 
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Table III 

[VJ 

cly;-\ê 
m m 

Í lfc= .0740 yc= .0730 ifcr .0720 

1 .003054 
.016240 
.024560 
.033017 
.041615 
.050357 
.C5S247 
.C6S2Ç0 
.077437 
.056345 
.056366 
.106056 
.115518 
.125958 
.136930 
.146550 
.157152 
.167552 
.178556 
.150208 
.201636 
.213226 
.225164 
.237277 
.24S631 
.262235 
.275055 
.23 .’221 
.3OI6IS 
.315255 

.003166 

.016466 

.024$05 

.033435 

.04220$ 

.0510:2 

.0601 CG 

.070320 

.078632 

.088135 

.057815 

.107665 

.117653 

.127504 

.133304 

.148357 

.155635 

.170686 

.181854 

.153318 

.204565 

.216841 

.223555 

.241311 

.253515 

.266786 

.275515 

.253327 

.307020 

.321005 

.003220 

.01665$ 

.025255 

.033565 

.042820 

.051325 

.060554 

.071331 

.075311 

.085437 

.055305 

.105324 

.115523 

.125512 

.140455 

.151273 

.162267 

.173468 

.184837 

.156530 

.203405 

.220517 

.232875 

.245436 

.253357 

.271457 

.204514 

.258618 

.312617 

.326921 
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