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The prinasry objective of the ppoject is to determine the local heat
: transfer coefficient fron netel to alr moving at supersonic velocitiesy
3 It has been detornined in previous investigntions in the-subsonie field
k that the definition of the heat transfer coefficlent must be such that

the cecefficient does not vary with the tomperature difference on which

it is based, This tomperalure difference was fornd to be the difference
between the actusl wall temperature and the sdisbatic wall temperature,
To fipd this adiabatic wall temperature; it is necessary io use a concept
knotm as the rscovery f=cior, This f-ctor is defined as the ratio of the
difference between the adiabatic wall temperature and the mean siream
tezperoture to the difference between the stagnation temperature and nean
8 strean temperature. Tre recovery factors are computed from data taken
during adisbatic yruns, The deternination of these f~ctors is a secondary 1
objectiva of the project. ‘
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A prelininary survey of the work done on recovery factors and heat

: transfer coefficlents included reading pertinent HACA Technieal Ectes

and ilenorands, ASUE Trancactions, and several UIT theses on heat iransfer
at subsonic and supersonic velocitids, A detailed study was made of these
by L, A. Yiicolsi, Lt, Cormenders F, J. Graxieno and J, G, Smith, ard

B. L. Ozepek as these were closely allied to the present problen, i

The apparatus used by Snitk, Graziano, and Czapek was available a%
L the start of the investigation, Thile this wes designed for subsonic
velocities it wes thought that preliminary work on this apparatus world
help in elininating fauits in design, so thalt the apparatus for super—
sonic investigation would be yield nore reliable dats,

A study of Czapak's work ravealed a nzed for more precise thermonetry :
and for additionel venting in the apparatus, The following chenges were ]

- pades

3

3 1. Two additional zir vents to the immer steam jacket were inst=21izg, Ny
. 2. R pravious instellation was altersd by connecting a manometer :
- to the. outer steam jacke% and inserting e thermometer within j
i the jacket to determine more accurately the inlet steam conditions, 3
3. Defective therniocouples were repaired and two quart thermos :
i bottles were provided for the cold junctions, }
[ Le A vernier was installed on the potentiometer scale and a more 3
s sensitive external golvonometer was substituted for the original )
one, ' 1

5« Vented steam is now conducted well away from the apparatus with

rubcer tubing, )
6, Steanm leaks in the apparatus were repatred and leaking collector- 3

tube stopeocks were roplaced, :

Tests made aftor these changes seem to indicate improvements in the
apparutus, While Czapek expérienced a 5,3°F maximum temperature variation
along the air tube in his full capacity heat transfer run, the present
variation wnéer similar conditions is 1,1°F, Better reproducibility and
higher precision are obtainable with the sensitive galvonomster and vernier
scale combination, In a special experiment at equilibrium conditions,
the temperature of a single saction was read ench minute for £iftesn
minutes, The section previously showing the maximum temperature variation
in this test varied from 221,0°F to 221,3%F, & percentage deviation of
0.,14% while the most stable section varied from 221,0°F to 221,287, a
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percontage deviation of 0.G9%.

A detailed investigsiion of recovery factors indicated 2 need for
a constant temperature air supply to the apparatus, To accomplish this,
it was decided to run substantielly constant temperature wate: fron the
canal of the M, I. T, Stoam Losoratory through the shell of a coolsr.
and to pass the inlet air through the tubes of the cooler, The =ir
then passes to a stagnation tank in which stagnation temperature ard
pressure sre nensured, From this tank. the air is netered into the
apparatus test section, This arrangement resulted in a constant
temperature supply of air to the apparatus. However, the air in the
touik showed temperature stratification and, to determine precisely the

_ﬂ*wﬁxt1on of the 2ir entering the spperatus, it was necessary to elininste

tris stratification, Ths steps taken to esccoaplish this are summerized
belows

1, Caiculsticns were nade %o determine the scellest size tank which
would give the air a veiceity low enough to perrit reading
stagnation temperatures within the limits of precision of the
equipzsni, The tank was smail enough to limit the rsie of heat
transfer from the room to a cormparatively low w=lue,

2. Provisions were nade for a temperaturs traverse of the tenk by
drilling 2 hoie in the top surfzce and fastening a stiff rubber-
febricf hose to this opening, sn2ller hose, of diasneter
sufficiently large to i1l the inside of this hose was inserted
into i} to cut down convection currents in the hose. The
traversing thermccouple, and later, the diffureniial thermccouples
for recovery factor rva, was passed through this inner hose,
supported vy a plywood rod which sicost entirely filled the
inner hose, Th2 rod and thermocouple leads passed through a one-
hole rubber stoprer which completely closed the end of the tube,
A smell vacuum line wss connected to the hose to draw out any
leyers of stagnent air that might form on the upper surface cf
the stagnation tank or in the hoss,

3. . The thermocouple leads were provided with an isolheimsl szcne
and were shielded from radiation,

L« The entire assembly of tank and cocler was covered with rock
wool batt insulation varying from a minimum of eight inches to
a maximum of thirteen inches, and shielded fror radiation with
an aluminum foil shield,

The tests of this stagnation tank showed 2 maximm stratification
of the order of 0,2°F while some tests showed a stratification within
the experimental procision of the potentiometer (about 0,05°F), This
tank was considered to meet the requirements of a stagnation tank for
the purposes of this investigation.

Examination of the results of recovery factor runs mede at this time
seemod to indieate two possible sources of error. The first was the
possibility that if the thermal capacity of the apparatus were the sole
factor producing}the discrepancies in the data, the time allowed for
approaching equilibrium conditions was insufficient, Hough calculations
ghowed this to be possible, The other possible source of troutle was
that of heat being conducted into the apparatus through the insulation
or along the metdl legs and steam pipe from the warmer room, Calculations
showad the total heat flux into the apparatus to be of the order of
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5.5 Btu/ir about 60% of which flowed through the metal st-nd pipe.

An actual experimont wes performed to test the sensitivity of the
pipe wmll teaperatures to the heat flow through the st~nd., With the
apparatus a2t equilibrium, Bunsen-Burner flemes were applied to tns legs,
and after an hour they were withdramn, Ice was then applied %o cool
the aonaratus, The tomperaturss recorded during this test showed that
the test pipe hested np and cooled, respectively, as keat or ice wes
applied to the stend,

As a result of this test it was decided thot, to oblain true
adiabatic conditiong; the gir temperatures along the outside of the pipe
st be the sare ag those inside it. Severnai methods of accomplishing
thia approximately were discussed., One comslsied of blowing gir at a
terrerature equal tc that in the stagnation Zank through the inmer
Jacket of the rest section., I% was thought that thz stogneat air in
the jacket would be appreciably warmer than the stegnation temperature
of the air stream, Howdver, measurement of this stegnant air temperature
snhowed i1 lo be only 0,2°F above the stagnation temversture. This is not
e large enough difference to warreni the pmrging,

Another approach to trve udiabatic conditions was r=de by placing
one-quarter () inch thick wocden shims between the outer jaciet ard
the metel stand, The steam pipe was removed and several more inchss of
rock wool insulatior were sdded to the apperatus. The downstrean
stagnation tank was furither insulsted, These improvements cut down the
hes$ flow into the avparatus by about 5°%.

It was noticed that the pressures did noct have the oroper vaiues,
Celoulations of the fricitien factors were rmade, TFrom these calculaticns
it wes deduced that the nozzle of the avparetus was partielly obstructed,
Such a restriction weuld erroneously indicrte 2 high rate of fiow and
this would affect the rccovery factor values, After clearing the
obstruction from the nozzle, the nressure readings returned to normal
and the recovery factors were reduced to 2 more reasonable range,

Since the recovery factor is ssnsitive to the difference between
the tube wall and room temperatures, it has been decided to make a plot
of the difference between the staggation and adisbatic well temper-iures,
upon which the recovery factor depends, against the difference bstween
thé room and adiatatic wall temperatures., The points on the curve are
to be ovtained, for each Reynolds Number, by taking date at different
room temperatures, By extreffilating this curve to zero temper~ture
difference, the true value of the difference between stagnation and
adiabatic wall temperature may be obtained, This wlll permit ealeulation
of a true recovery factor,

Preliminary sketches of the apparatus for supersonic heat transfer
have been made, These sketches do not represent the finished epparatus,
but they do incorn-orate the improvements suggesied by the resuits
obtained in the present investigation, The sketches include the general
arrangement of the jacksting of the apperatus, the provisions for
measuring temperature and pregsure, mesns of collecting condencate, and
the venting arrangement, The problem of nozzle and tube design still

has to be resolved,
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