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ABSTRACT 

An experimental inves tigation to determine the effect of absolute 

pressure on the conve c tive hea t transfer coe fficient for a hot plate 

cooled by impingement of air je t s upon it was executed as proposed by 

Haberstroh and Meroney. 1 Variation of absolute pres sure was simulated 

by changing the pressure of a box in which the present e xperiments are 

made. Experiments are ma de at several values of absolute pressure, 

from 12.3 to 18.3 psia . . 

Several _authors' e :>,_--peri men tal r esults obt aine d un de r somewhat 

similar conditions are compared with the presen t r es ults, and diffe r ences 

are discµssed. Data are presented in three ways : th e firs t is the t abu­

lation of r aw data ; the second shows the r e lationship between hea t trans ­

fer coefficient and j e t velocity with pressure as a parame t e r ; and the 

third puts all the da t a into a single relat ionship b e tween two dimension­

less parameters , Reynolds number and Nusselt number. 

After the da ta from the presen t experiment are co r related in dimen-

. sionless form, the r esults are applied to prediction of the mass trans f e r 

coefficient by way of Re ynolds analogy . An illustration of application 

to design and the ul timat e influence of pressure on mass transfer is 

provided. 
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I NTRODUCTION 

There are many indicati ons that t he forced-convection heat-transfer 

process may be sensi tive to atmospheric press ure . Sp ecifically, if the 

heat-transfer fluid is a gas such as air , the density (and thus the 

kinematic viscosity) varies almost liJearly with absolute pressure . 

Since the kinematic viscosity enters the Reynolds numbe r , the principal 

independent parameter of force d convec t ion , in the denomina tor , one 

would be led to b elieve that a reduction in absolute pressure would r e­

duce heat transfer , all other factors being unchanged . 

As such a r eduction could be i mportant to the design or ope ration 

of hea t- transfer equipment moved from low altitude to high altitude, 

experiments were undertaken to provide di rec t confi rmation of the ex­

pe cted influence of pressure on heat transfer . The specific forced­

convection device in question is a parallel-p l ate dri e r in which hot, 

dry air is caused to i mpinge roughly no rmal ly on th e surface to be dried , 

the air being supplied th rough a perforated plate . The l eve l of inves t­

ment in large equipment depending upon this process is such as to j ustify 

a direct test of performance versus altitude . Although vari ous authors 

(referred to later) correlate their heat-transfer data against one 

Reynolds number or another , thus implying the intuitively suspected 

dependence on pressure , none of t he previous investigators r eports h aving 

v aried the pressure to vary t he Reyno lds number. It is more convenient 

to alter the Reynolds number by ch ,=mging the flow velocity . This study 

undertakes to confirm that the heat-transfer performance of the perfor­

ate d-plate drier is controlled by the Reynolds number and that the effect 
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is the same if the Reynolds number is changed by changing the pressure 

.or the velocity or both. 

EXPERIMENTAL MODEL 

The direct experiments calls for a "variable-density wind tunnel" 

created especially for the purpose. In the present situation an open­

cycle tunnel would have made an air cooler unnecessary , but the power 

requirement of such a tunnel would exceed the capacity of the available 

fan . Thus a closed-cycle tunne l with cooling of the return air was 

indicated . This device, illustra ted in Figure 1, is describ ed in the 

sections which follow. 

TEST CH.AMBER 

A wooden box of dimensions lf' X 5' X 6' was· built with a removable 

door on the front side. Walls are made of two layers of 3/4" plywood 

r einforced by 2" X 4" and 4" X 4" joists running between them. A frame 

with 3' I X 3" X 1/4'' steel angles was built with every corner welded, and 

the 'prefabricated walls are bolted with 3/8" bolts at six- inch spacing. 

I nner sides of the walls were coated with epoxy paint and again sealed 

with building sealant very carefully. The space between the plywood 

layers is filled with glass wool for sound insulation. With the door 

bolted on, the r esulting wooden pres s ure vessel is capable of sealing 

an internal pressure of about 10 psig, at which value the leakage flow 

is equal to the available flow of pressurizing air. 

The elevated pressure in the test tank is maintained by the labora-
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tory air supply . The i nlet air is dried by a dessicant , and .its pres ­

sure is appropriately regulated . The tank pressure is measured by a 

pre cision gauge which was r ecalibrate d especially for the pres ent 

experiment . 

The tank is divided by partitions into a hi gh-pressure plenum 

chamber and a low-pressure return duc t . The pressure difference and 

test-section mass flow are maintained by a 5-HP centrifugal fan whose 

outpuf i s sufficient to give a j e t ve locity over 200 fps through the 

t est-section perforations . The energy added to the circulating air by 

friction and t es t-section heating is removed by a water-coole d hea t ex­

changer; the cooler permi ts s teady-state operation of the equipmen t. The 

circulating flow i s caused to pass th rough the heat-transfer test section , 

which i s described next . 

TEST SECTION 

The tes t se ction i s a flow passage b ounded on -th e top by a perforated 

air-s upl ly plate , on the bottom by t he surface of th e heater , and on three 

I 
sides by insulated wal l s which separate t he two plates by a distance of 

3/4". The f ourth side is open to allow departure of the hot air . 

Two perforated air-supply plates are used in t he p resent experime~t. 

The first, r eferred to as pla t e number 1, has 42 .180"-diameter ho l es 

whose r atio of free-flow area to gross plate area (perforation ratio) is 

0.743%. This plate is used most widely in the experiments. The second 

plate (number 2) is used less extensive l y ; it con t ains 63 .180" holes at 

1.112% per f oration ratio . 
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The test surface is a polishe d aluminum ·plate of lateral dimensions 

l' X l' and thicknes s of 1/2". Four strip heaters of 1 -Kw capacity each 

are attache d with bolts under the alum.i..num plate in such a way that the 

t emperature distribution in the plate can b e arbitrarily controlle d by · 

variacs installed on a contro l pane l outside the box . Inputs to e a ch 

heater are c alculated fro m the r e sistance of the heater and the applied 

volt age which is read from an AC volt rr.e t e r on the control pane l. Glass 

wool insulation 4" thick is placed under th e heating strip to reduce 

conduction los s out the bottom to l ess than 1% of the input to the heat­

ing strips. 

Thermocouples are mounted in grooves unde r the aluminum plat e at a 

dist ance of 1/ iOO" from the surface. A t otal of eleven thermocoup l es 

are installed in the test s ec tion , eight of them mounted on the plate, 

one in the guard heater, one in the p_enum chamb'er, and one at the t es t­

section exit. All of the t emperatures are read by a digital thermo couple 

thermometer . 

Air mass flow and velocity are measure d by use of the first law of 

thermodynamics 

q 
. 

= m C (T - T) 
p a e 

( 1) 

where T is the hot-air supply tempera ture and T is the air temperature 
a e 

at the exit of the t es t section . As all the quantities in (1) are known 

except m, this equation gives a precise and convenient meas ure of mass 

flow. The density is taken at the average of plenum and pla t e t empe r a­

tures , and the continuity equation then gives the velocity. Ar. ASME 
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square-edge orifice was included in the 4•t air circulation pipe , but it 

was found that l eakage between the high- and low-pressure sides of the 

chamber was enough to make very significant errors in the mass flow as 

measured by this orifice , except at atmosphe ric pressure where the 

orifice measurement confirme d the ca lcul ation from Eq . (1). 

TEST CONDITIONS AND PROCEDURES 

The t est conditions are slightly changed from the previously pro­

posed ones partly due to the r educed free flow area of th e perforated 

plate and par tly due to the expe rimental r esults which differe d slightly 

from those expe cted. 

J et ve lociti es are from 25 fps to 200 fps instead of Oto 100 fp s, 

b ecause the lower the velocity , the higher the possibility of making an 

error in the calculation of ve locity . The plate t emperatures are between 

140 and 260°F . Maximum absolute pressure is r educed to 18.3 psia inste a d 

of 25 psia. 

With the pressure set and the input voltage adjust e d ·to give uni form 

tempe rature ·on the plate, air is circul ated giving appropriate i mpinging 

velocity on the heating plate . The t empera tures of the eleven thermo­

couples are recorded at' the prop er time intervals to determine when steady 

-s tate is r eached. When a steady state i s est ablishe d fo r both plate and 

plenum-chamb er t empe ratures, a heat- trans fer coe fficient is calcula t e d 

and the next experiment is executed for differen t ve locities . Wh en the 

expe riment at one input voltage covers the ve locity range , input volt ages 

are ch anged and an experiment at a di fferent t empe r ature va lue i s under-
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RESULTS 

The raw data for t emperature , velocity , heat t ransfer , and convec tion 

heat- transfer coefficien t defined as 

q/A 
h = 

· T - T 
plenum pl ate 

(2) 

are l isted for the two plates in Table I. Thes e data are plotted i n 

t erms of h vs . V i n Figures 2 and 3, one for each of the pe rforated 
0 

plates t ested . In these curves the pa rame ter i s ambient pressure , and it 

is seen th a t all the curves are parallel ; they al l follow the same power 

l aw . (Properties are evaluated at a fi l m t emperature which is the linear 

average of t he plenum t emperature and th e plate t emperat ure .) 

Plot ting the Nusselt number 

(Nu = 

. IRe 

hD 
0 

k 

VD 
0 0 

\) 

against a Reynolds numbe r defined as 

brings l 11 t he data together onto a single curve as in Fi&01:es 4 and 5. 

Thus the suspected influen ce of the Reynolds numbe r is confirmed , and a 

di rect t est of the significance of th~ dens ity in th e ~u vs . Re r el a­

tion h as been executed. Empirical equations which describ e these da t a are 

(Nu = . 00453.Re · 98 ( 3) 

(1500 < (Re < 14,000 ) for pla te number 1, 

and Nu = .0230 Re .82 (4) 

(2500 < [Re < 13,000) for plate Number 2. 

These lines are plotted throu g the data in Figures 4 and 5 . 
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.. 
· COMP ARI SON WITH OT HER INVE STIGATIONS 

The l arge number of possible independen t vari ables ( flow rat e , 

pressure , hole spacing, hole di ame t er , and plate spacing) i n pe rforated-

plate heat-trans f e r equipment, coupled with the f act that raos t prior in-

vestigations h ave h ad specific des ign applications in mind, t ends to 

. make direct comparison with o t her data dif fi cult or inconveni en t. Fur­

ther , a l though it i s well known th at industrial fi rms h 2.ve conducted 

t ests of thei r own equipment for des i gn purp os es , the t enden cy i s for 

the equipment make rs to avoid pub licat ion of t he r es ults ; there are no 

doubt very many useful d a ta in exi stence with which no compar ison is 

possible fo r thi s r eason . Even s o the r e are · a f ew r e f e ren ces which permit 

at l eas t general dis cussion i n t he con t ex t of the present exper i ment . 

The principal works of interes t, r e f erred to in a Gene ra l Elec t ric 

Co. "Desi gn Data" r epor t are those of Ke rche r2 and Hilgeroth 3 . Thes e 

r esults are use ful for comparison main l y because the hole pat t e rns are 

generally simi l ar to th e present ones , some account i ng i s rade of the 

orifice geome try , and mention is made of the means of con~ucting away the 

exit fl ow. Furth er, these t wo invest iga to rs corre l ate d th eir r esult s in 

te rms of Reynolds and Nusselt numbers whi ch a re s usceptible to inte r pre­

t ation i n the t erms use d in the presen t study. 

The most direct comparison i s that with Kerche r ' s 2 equ at ion 

hD 
0 

k 
== (

vD 0 )m {Zn )091 (. 0113 
¢1<!>2 - -D {Pr 

V o 
0 

(5) 

in which the coe fficient ¢ 1 and th e exp onen t m are i nfluence d by the 

hole spacing and the Reynolds number itself . ¢2 i s a coe f f icient to 
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account for the "spent fl ow effect " which reduces the average heat ­

-transfer coefficient by deflecting the i mpinging jets of air . Kercher 

provides curves for these parame ters, and if appropriate va lues are 

inserted for the presen t t est condi tions , the results are as shmm in 

Figures 4 and 5 . It is seen th at Kercher ' s results show about the same 

power-law depender:.ce as r the present ones , but Kercher ' s coefficient i s 

about 20% lower th an the present one. A p oss ible r eason for a difference, 

though not necessarily for the direction of the difference , lies in the 

fact that Kercher ' s holes were arrange d in a r egular , square pattern, 

while the present one s are on a trian gular pitch . 

The correlat ion of Hilgeroth 3 is somewha t simpler th an Kercher ' s, 

but it does not account f or the spent-flow effect, except that the log­

me an value of the test-sect ion air t emperature minus the plate temperature 

is used in the definition of h. The exponent on the Reynolds number is 

nearly constant , b etween 0. 72 and 0 . 78, and this value is noticeably lower 

than that obtaine d in eithe r of the two present t ests . 

Data presented by Freidman and Mueller5 , Lyman6, and .Allande r 7 are 

displayed as direct relations between hand the flow velocity; the i mpli­

cation of a Reynolds numbe r is presen t , but thes e investigators, concen­

trating on other f eatures of flow and design, do not attempt to make 

generali zed correlations. The exponents on velocity, however , range from 

.64 to .78 . 

Another corre l ation , based on extens ive da ta , is furni shed by Gardon 

and Cobonpue 4 for flow from nozzles onto a fl at plat e . The sp acing 

ratio, import an t in orifice-to-p l ate heat transfer, is much larger in 

t he experiment of referen ce (4) be cause of th e protusion of the nozzles 
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from their b ase plate . The exponent on Reynolds number is .625, the 

s mallest of all the correlations. 

In general all of these pres entations, including the present one, 

predict h vs. V within a broad band which varies about ± 33% around 
0 

t he central value. This is perhaps to be expected what with the broad 

spe ctrum of geometries and test conditions considered by the various 

au thors . 

EXTENSION TO CALCULATION OF M,.'\SS TRANSFER COEFFICIENT 

In order to assess the influence of pressure on drying, it is 

necessary to estimate its influence on the mass-transfer coe ffici en t . 

This extension is based on the well known Reynolds analogy , which has 

h ad successful application in many turbulen t , unseparated flows . Th e 

most common app J.ications have been be tween heat·~ransfer and momentum 

transfer, but there have been numerous uses (8, 9, 10, 11) of the analogy 

b etween heat transfer and mass transfer . 

Co;1sic1e ring firs t Plate numbe r 1 , one recalls th e empirical equation 

~u = .00453 IRe '
98 

, ( 3) 

which requires some modiftcati n to include th e effect of Prandt l number . 

Heat trans f er experiments over a wide range of confi gurations include 

the Prandtl number to the O. 4 power , and if this is done , using !Pr ~ . 72, 

these results 

Nu = (6) 

In the Reyno lds analogy transformat i on the Nusselt number goes to the 
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Sherwood number , t he Reynolds number r emains the s ame , and the Prandtl 

number goes to the Schmi dt numbe r . Thus 

where the Sherwood number Sh 

Schmidt number Sh 
\) 

- D 
Ill 

v aEor IDass mass trans fer coefficient hd - Concentration 

and D is the mo lecular mas s diffusivity . 
m 

(7) 

flu x. 
drop 

For calcul a tion th e mass tr ansfer coefficient , ( 7) may be r ewritten as 

. D (V D )·
98 

.00517 D m 
0
\/ 

0 
(Be)· 

4 
( 8) 

0 

Now the IDass diffusivity and kinemati c viscos ity both go as 1 / p , so the 

Schmidt numb er will not vary with press ure . But' th e D and \J in the 
m 

Sherwood number and in the den ominator of th e Reynolds number could i n­

fluen ce the result. The fact that the exponent on Reynolds numbe r is so 

very nearly unity causes these two quantities nearly to cance l each 

o ther , and for this particula r geome try the re is for practical purposes 

no influence of pressure on the mass transfer coe fficient . This cancel­

l ation doe s not occur for the heat transfer coefficient , and Eq. ( 3) 

shows that h diminishes almos t line ar - Y as the pressure de creases: 

The second plate , whose h eat transfer coe ffici ent fo l lows Eq . ( 4), 

shows a predi cted mass transfe r coe ff i cient of 

D (VD ) 
.0 262 nm : 

0 

0 

• 82 

(Sc). 4 ( 9) 
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The exponent on the Reynolds number is s maller , and the influence of D 
m 

- • 82 
against v gives a weak increase of hD with de creasing ambient pressure . 

As will be shown in the nex t section, howeve r, there are other cons idera-

tions which will overshadow this effect. 

APPLICATION TO DESIGN 

In orde r to s ee the influence of absolute pres sure on th e high-altitude 
. 

performance of a drier , it is necessary to go beyond mere l y calculating th e 

heat and mass transfer coefficients . As will be evident in th e discussion 

which follows , the amb i ent pressure en t ers the ca lculation in several ways , 

and it is necessary to execute the comp l e t e computation of the vapor flow 

in or de r to see the full effect of press ure chan ges . Ac cordingly a simple 

mode l of a drier is presented here . Except in the detai l s of the r e l at ion­

ship be t ween t he heat and mass t ransfer coeffi ci~nts (h and hd) and the 

flow of dr ying air (i ), this could b e a mode l of any dr yer . The point is 
a 

to assess th e role of atmospheric press ure on the comb ined heat-and-mass-

trans f er problem which arises when dry air blows over a plate whose surface 

is continuously we t with liquid water . 

The first l aw of th ermodynamics for th e liquid film states that the 

remova l of l atent heat by the ou t .flow of v aporized water must b e supplied 

by the convective heat transfer from t he ho t , dry air to t he liquid sur­

face . Thus 

m H = hA(T - T ') 
V fg . a S 

(10) 

where T
8 

is the t emperature of the dry air , Ts is the t emperature of the 

liquid fi lm , and A i s the surface area fo r transport . Th e problem i s to 

'\ 
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· f ind (m / A). Since T is a funct ion of T and other independent variables , 
V S a 

i t must be f ound or eliminated as a depen den t vari ab l e . 

The r ate of mass trans f e r may also be computed from the de finition 

o f the mass trans fer coe ffi ci ent ; thus mv = hdA(Cs - O), wh ere C
5 

is the 

concentrat ion of water vapor at the sur f ace of the film , and the concen-

t ration in the drying air is t aken as zero . It is convenient to rewrite 

t he surface concent ration of water vapor in air in t erms of the satura tion 

partial pressure P t hus 
V 

s 

. 
m 

V 
p 

V 
s 

where R i s th e gas constant for water vapor . 
V 

(11) 

Now P 
V 

s 
r emains as an unknown , bu t it is convenient to manipulate th e 

Cl apeyron equation to give p 
V 

s 
in t erms of T . 

s 
If one makes the common 

assumptions of v 
g 

>> vf and a perfect-gas relation for the water vapor, 

one can integrate the Clapeyron equation from some b ase val ue of pressure 

I 
P and t emperature T to give 

o I o 
II 

P = P e xp 
0 

H 
_fg_ (!_ - 1) 
RT T 

(12 I) 
0 

and if steam- t ab l e values at T = l OOF (arbitrari l y chosen) are used , one 
0 

obtains 

Pvs = 136 . 3 exp 16.81 (.1 (12) 

where P 
V 

s 
is in psf. Thi s r e l ation has been t es t ed by the authors over 

the r ange 40 < T 
s 

< 160F ; it shows errors of about ± 1% as compared with 

steam- t able data . The closed form of (12) will simp lify the continuing 
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analysis . 

The system of Equations (10), _( 11), and (12 ) i s then to be solved 

form, T and P 
V S V 

The independent variables are for the moment h, hd 
s 

(b oth known by the corre lation and Reynolds ' analogy), and T . The fi rst 
a 

step t oward solution is to put (12 ) into (11) and to eliminate ili between 
V 

the result and (10). There follows 

e 
-16.81(1 - 560 ) 

Ts T (T 
s a 

- T ) 
s 

H h 
136. 3 R£ g hd 

V 

( 13) 

With R a constant and Hf roughly cons t ant , one s ees that the film t em-v . g 

perature depends only on T and th e ratio of the two tr ansport coe ffici­
a 

ents . In fact if the two correlations ( 6) and (7) are used to give 

the r atio of the h' s , the re res ults 

== 

numbe r is de fine d as 

(Le == 

1 (Le - • 6 
pc 

a 
D 

m 

in which the Lewis 

where a is the therma l diffus ivity and D is the mass diffusivity . The 
m 

interesting outcome , if this r esult is put•into Eq. (13), is that unde r 

the Reynolds analogy assumption the s aturation film t emperature in t he 

steady state is indepen dent of the air mass flow and in general of the 

fluid mechanics . F.q . (13) i s rewritten in these t erms as 

" 
-16.81(1 _ 560 ) H 

T (T - T ) T 136.3 _i_g_ _L ILe- · 6 ( 13) e s == 
s a s R pc 

V 
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'fhe only place where t~e absolute press ure can enter is i n the p on the 

right-h and side , and if th e t emperature is taken to be rought ly T and 
a 

t he density roughly that of dry air , then one obtains 

p 
l/1l1 P 

== ---- = 
53_3 Ta 

2. 70 : 
a 

(P in psia) 

which is to be put into Eq . (13 ). The res ult is t r ans cendental in T 
s ' . 

but it is conveni ent ly soluble graphically for T vs . P with T as a 
s a 

parameter . T is quite nearly lin~ar with P ove r th e range 10 < P < 20 
s 

psia and 100 < T < 250F , and this li~earity may b e used for convenien t 
a 

manipulation leading to the des ired mass flow of vapor . 

form 

. 
I t app ears th at Equa tion (10) i s the convenient s ource of m in the 

V 

. 
m 

V 

A 

h (T - T ) 
a s 

(10) 

As the neede d form of T is (T - T ), one plots th e difference an d find s 
s a s 

it to be very nearly linear with both pressur e and hot-air tempera ture 

over the ranges in questions . The r esult for this par tic~lar c ase is 

(T T ) = . 862 T - 25 . 2 - (. 68 + .00573 T ) P , (14) 
a s a a 

where Pis in psia and th e tempe r a tures are in Fahrenheit. 

The heat transfer convection coe ffici ent his obtained from correla-

tions such as ( 3) and (Li ) . Up to th e present the spe cific geometry and 

f luid me chanics of the apparatus have not en t ered th e analysis , but in-

clusion of a correlation for h i mmed:.a t e ly t ies th e ca lculat ion to a 

particular s tyle of drier . For simplicity in computat ion, the Reynolds 
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i:iumber exponent of Eq . (3) will be t aken as 1. 0 instead of the mar~ accu­

r ate 0.9 8. The error is not grea t conpare d with other approxima tions 

already i ncorporated . Then 

h 
k 
D 

0 

VD 
( . 00l153) ( ~ 0

) 

0 

= 
k 

• 00L153 - pV µ 0 

where t he unity exponent curiously enough causes the effect of hole size 

D t o cancel . In t his expression pis evaluated at the test section 
0 

t emperature and pressure , and th e·se are r eas onably we ll approxima te d by 

T and p. Then t he pe rfect-gas lmi gives 
a 

p = _p__ = 
RT 

a 

(14L1 ) .r_ = 
(53. 3) T 

a 

i n which the pressure is in psia. 

2.70 f 
a 

If all these statements are inserted into Eq . (10 ), t he r esult is 

where 

and 

m 
V 

A 

m 
V 

A 

k 

µ 

p 

T 
a 

T' 
a 

Hf g 

V 
0 

= 

i s 

. 

-

i s 

i s 

i s 

PV 
0 . 00453~(2. 70) µ T l H 

a fg 

in fl / se c 
m 

f t 2 

• 017 Btu/ ft hr°F 

• 0L17 fl / ft 
m 

hr 

i n psia 

ai r t emperature in 

ai r t emperature i n 

. 862 T 
a 

Fahrenheit 

• 

Rank "ne (same 

= 1037.2 Btu / fl chosen at 100 F m' 

is i n f t / sec 

25 . 2 - (. 68 + .00573 T )P 
a 

(15) 

quantity ) 
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If these numbers are inserted, the final estimate of m /A is 
V 

m· 
V 

A 
-6 PVo { 

4.27•10 T'- . 86 2 Ta - 25.2 - (. 68 + .00573 
-a 

ry} 
100 < T < 250 F 

a 
10 < p < 20 psia . 

(15) 

Eq. (15 ) is plotted against the absolute pressure in Figure 6. The 

i nfluence of the dry air temperature and flow velocity are visible in 

the parametric curves . The air tempera ture ' s major .effe ct is in raising 

t he film t emperature and thus the saturation partial pressure . There is 

a l ess i mportant negative effect which arises from the r educe d 6T for 

heat transfer as T increases . The air velocity influences the perform-
s 

ance in a routine multiplicative way; it appears as a linear multiplier 

because of th e ear l ier simplification of the exponent on the Reynolds 

number . 

The ambient pressure appears i n two ways . 'fhe first is in the l ead­

ing t erm , which is the density contribution to the convective heat- transfer 

coefficient . This is the more i mportant of t he two effects , as indicated 

by t he nearly linear increase of m / A with pin Figure 6 . · The second 
V 

effect of press ure is a slightly r educing effect which again arises f rom 

• 
the increase of T with p. Increased T gives reduced (T - T ), ceteris 

s s a s 

paribus , and thus a r educe d 6T for hect t ransfer . 

It is evident from Figure 6 that in an ordinary range of the indepen-

dent variab l es the mass flu x increases with increasing ambient pressure . 

It is i nstructive to estimate f rom this result tl1c deterioration of mass 

flux which might occur in moving a piece of drying equipment fr om sea 
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l evel (14 .7 psia ) to th e elevation of Fort Collins , 5000 fe et (12 .5 psia). 

Ove r the r ange plotted , Figure 6 shows r eductions fro m 11% to 13.7%, t he 

higher figure be ing for the highes t t emperatures and ve locities . These 

values may be compare d with the 15% r eduction of atmospheric press ure . 

CONCLUSIONS 

The conclusions may be summarized as follows : 

1. · The effect of ambient press ure on t he hea t transfer coeffi cien t 

enters by th e effect on kine at ic visc~sity in th e denominator 

of the Reynolds number . As pressure i ncreas es , heat trans f er 

coefficient i ncreases accord ing , for examp l e , to Eq . (3). 

2. The effect of pressure on mass transfer coe fficient i s weak , 

according to a Reynolds analogy prediction, Eq . (8). 

3. The en tire hea t- and mass- transfer s i tti·at ion must be considered 

4. 

to provide a proper estimate of the effect of pressure . It is 

necessary to solve Eq ' s . (10), (11), and (1 2) to ·obtain the 

effect of ambient pressure on the water-vapor mas.s flu x . 

As a general rule , and especially in the practical r ange of 

air-impingement dryer design , a reduction i n atmospheri c pres­

sure causes a reduction i n water-vapor mass flux , all other 

things being equal . 
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TABLE I -------

RAW DAT A FOR PLATE NUMBER ONE 

p = 12.3 :esia 

T (F) 
p 

T (F) 
00 

V (ft / s ec) 
0 

h (Btu /l;rft 2 °F) q(Btu /h r ) 

172 . 3 109 . 6 134.0 33.8 2120 
165 .0 105.0 191. 0 44.9 2690 
165.2 107.Li 137.0 37.2 2150 
199.0 102 . 1 102.0 28 .7 2210 
218.1 119 .9 80.6 20.75 2050 
183 . 2 107.8 108.0 28. 2 2130 
233.5 115 . 7 86.5 22.1 2606 
209.3 113.6 84.7 21.6 20 80 
16 8. 5 110.1 79.1 21.7 · 1270 
207. 3. 109 .5 121.0 31.6 3130 
175.2 103 . 3 113.5 28.8 2065 
153.1 10 8. 2 117 .0 29 . 8 13L10 
179.6 112 . 8 153. 2 40. 8 2690 
154 . 2 111. 2 160.0 41.5 1770 
131. 7 107. 8 165 . 0 43. 4 lO L12 
177. 7 105 . 5 121.5 31. 9 2300 
175.8 109.8 162. 0 42 . 6 2810 
160.4 104.9 84 .2 22.7 1260 
179 . 5 104.2 135.0 34.3 2590 
212 . 7 110 . 6 87. l1 21.Li 2180 
157 . 1 103. 2 19 2.0 48.8 2620 
159.9 105.5 170. 6 47. 6 2590 
219 .1 112 .9 90. 9 2L1. 6 2610 
231. 7 104.1 47.0 10 .3 1305 
2711. 9 107. 7 26 . 2 5.9 2 990 
235.8 107 .o 30.5 7 ._87 1015 

p = 14.3 :esia 

182.7 107. 8 117.0 35.0 2620 
168.3 105.0 155 . 0 43.6 2690 
155.2 106. 7 183 . 0 54.5 26 40 
224.6 113.4 71. 2 . 21.0 2335 
152.9 108 . 6 164.0 51. 6 2286 
159.8 109.1 127.5 41.1 2085 
187 .5 10 8. 5 102.0 32.8 2590 
179.5 106 .5 115.0 36 . 1 2630 
166. 3 105.5 137. 3 42.5 2590 
194.2 114.2 81.1 27 .0 2160 
189 . 6 120.0 85. 3 30 . 4 2120 
22 3 . 1 120 .2 68. 7 20.4 2100 
218.3 li3. 8 69 . 0 20.6 2150 
2L17. 8 116. 6 64. 3 16. 85 2210 
167.2 113 . 2 138. 7 48 .5 ·2630 
164.5 113. 5 161. 0 · l19. 2 2510 
189 .-7 114. 7 93.0 28 . 3 2120 
242 . 6 115 . S 67. 3 19. 85 2520 
221.5 112 . 8 75 . 2 23.3 25 39 
189 . 9 111.6 9l1. 5 32 .7 2570 
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Table I (cont ' d.) 

P = 16. 3 :e s ia 

T (F) 
p 

T (F) 
CX) 

V (ft / sec) 
0 

h(Btu/hrft 2 °F) q (Btu /h r ) 

166.6 111.5 54.0 17.0 2560 
216.3 111.2 72.3 25.1 2640 
184.8 110.2 98. 2 35.0 2615 
236.6 117.1 61.0 19.7 2340 
187.4 114.0 81.4 30 .1 2210 
166.0 112.9 106.9 l10. 9 2180 
156.0 110.3 141.5 55.7 2180 
235. 9 134.4 55.6 21. 8 2215 
188. 7 116.8 82 .6 29.5 2180 
166. , •. 109. 0 lU.l 56 .3 3230 
185.0 108. 2 107 .o 41.Li 3180 
201.1 113. 7 93.0 37.0 3260 

Pg 18 . 3 psia 

156.4 111.6 57.3 23.8 1065 
1'18 . 7 110.8 70.2 30.5 1160 
ll10.5 109. 7 75. 8 31.0 956 
195.6 109. 8 87.5 37.5 3220 
176.7 108. 7 107. 0 47.0 3190 
159.3 108.1 136 .0 55.1 2820 

• 
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TABLE 2 
~ 

RAW DATA FOR PLATE NUMBER TWO 

p = 12.3 Esia 

T (F) 
p 

T (F) 
00 

V (ft/sec) 
0 

h (Btu/hrft 2 °F) q (Btu/hr) 

145.0 95.0 180.5 56,0 2800 
149.8 96.1 166 .4 51.9 2785 
158. 4 98.5 1114.8 46.5 2790 
172. 4 99.6 12 L1 . 6 38. 7 2810 
179.8 100. 7 10 8. 0 35.7 2830 
193.3 101.5 88. 3 30.5 2810 
223.1 100.6 65.3 22.5 "2850 
165.5 98. 4 159 .8 49.7 3330 
172.5 9 7.?. 144.0 44.1 3310 
193. li 100.6 99.8 35, l1 3290 
213. 7 101.9 79.2 29.5 3290 
268 .4 102.3 58. 8 19.8 3300 

p = ll1. 3 Esia 

15l1 .1 99.2 162.0 60.5 3320 
171. 6 100 .4 132.4 48.0 3415 
210.3 98.5 78.3 28.7 3?.20 
163. 2 91. 5 124.1 46.4 3325 
182.5 95 . 8 106.1 38.0 3290 
196.5 94.6 81.5 32.2 3270 
269. 0 94.5 48.7 ., 18.7 3260 

p == 15.3 1psia 1-
179.8 90.0 93.9 37 .-1 3210 
202.3 90.l 58. 2 2l1. 8 3280 
283 .1 90.7 39.6 17.3 3330 

• 
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