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SUMMARY

Eeat transfer rates accorpanying simultaneous natural oone
vection and forced flow of air in a vertical channel, using an
optical method, were studied experimentally, under conditicns
such that the two types of flow tonded to oppose each other,.
Thus the light, heated air tenGed to flow upward near the °
veriical surfacss cf the channel while the air stream as a
whole was forced to flow downward,

tatively simllar to those oceurring in cooling passages {nside
blades of ges turbines.,

Optical measurements showed that natural convective flow
predominated at lew forced-flow velocities and high temperature
differences while at high mean velocities the flow was downward
even at the wall. Under intermedjate conditions a maxirmm rate
of heat transfer ococurred about half-way up the channsl, owing
to instability of the laminar flow assoolated with the opposing
forces. At the highest mean velosities the local heat tranafer
coerficients agreed closely with values expected from isminare
flow theory neglecting natural conveotion.
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INTRODUCT ICN

Two ‘mportsant types of fluld t'low problems involving
heat trsnsfer are those of fcrced sncd thoss of free con-
vection. Xorced-convection flcw I8 me#intalned either me-
chanically through 8 pressure drcp or by means of hydro-
static head or by both. Free-convectlon flow, on the other
hand, 1is caused bLy @ ifferences in the hvdrnstatic gressure
of a fluild due to density differerces becuuse of tempera-
ture differences. Heat-truasfer coefficients tor the stan-
dard cases of forced and free ccnvection are usually cal-
culable by well known empirical and theoreticul equetio

Flow produced by both free ard forced ccnvection forces
simultanecusly have now hecome of practical importance.

iiS e

Many sircraft preopulsion s;ystems contain components in which
heat. is bheing transferred. Free-convection flow due to )
dens ity gradients 1s superimposed or the forced flow through
helicopter ram Jjets and on tle flow of air in the cooling
passages in the blades of turbines, As will be seen, this
csn aporeciavly influence the resultant flow and heat trans-
fer. '

The present paper presents the mechantism and result
of simultsneous action of forced and free convection forces
on nest transfer when such torces are in direct oprosition
to each otiier. Data were talizen in thre range in which forced

and free convectlon forces were of tne ssme order of magni-
tude.
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APPARATUS DESCRIFTIO

The test unit was a vertical rectangular duct. Air was

forgéd down through thé duct while heat was supplied tc two

pérticular areas snd caused & buoyant force in opposition to
the pressure drop.

The sectionsl end view of Figure 2 shows the construction

of the duct which can be considered to have beén assemhbled in

the following manner. Two machined ﬁnd polished, rectsngular,

1/2-inch aluminum plates, 8" x 12" formed the heating surface.

The se .were held 1.01" apart, parallel and with the 12" axis

vertical. Sildes were put on these plates to form a vertical

duct, open at both top and bottom. & side cansisted of cn

aluminum frame which held a piece of plate glass 12" x 1-1/6",
Between the frame and the aluminum heating plates there was

|

! placed a 1/2-inch wide strip of 1/16" Buna-S rubber, a 1/2"
\ " deep x 1/2" wide transite insulation strip, and a 1/2"
i

l

wide
i layer of glass cloth impregnated with Permatex No. 2. Thesas
7 materials extended at least the vertical leng'h of the heating

5 | plates. A crcss section of this is seen in the top view of

Figure 2. Note that a beam of light passing parallel and
adjacent to either heating plate would not touch these
materials since they were recessed slightly.

Calming sections were attached to both top and bettom of
the heated duct. Cross sections of both were 9.75" wide x

1.04" deep. The top calming section was 24-1/2" in length,
the bottom, 8-1/2".

Connectlon wes made by means of a thin
extension of the heating plates to meet a similar excension

2
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£ in the calming duct sides. These extensions were overlapping,
%ﬁ_ but were separated by means of a 1/4" slab of transite

i insulation. Connection was made through the 1/4" transite

%L slab by means of 8 stud bolts per side. A short adjustable

g; side was put in tne connection between the ernd of the window
al q' e

al!
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frame and the top calming section. A 1/4" foam rubber gusket
plus the movable nature of this pilece made possible a
correction for differences in tneirmal expansion. Design of
the entire duct wuas such that the inside dimensions wers the
same at any polnt down the duct, with the exception that the
distance between the heating plates was 1.01" while the
distance betwecn the corresponding faces of the calming
sactions was 1.04" wide.

wWall temperatures in the hsating plates were measured
by mesns of L & N No. 30 B&S glass insulated iron-constantan
Duplex thermocouples. These couples were located in horizontel
holes which were drilled parallel to snd 1/L" from the heat
trensfer interface., This gave the junction and wire leading
to it a 4" 1sothermul zone in the plate. 'thess thermocouples
were located at & distunce, x, from the top of the heated

plate of 1, 3, 5, 7, 9, and 11 inches.

At the top and bottom of the duct, mechanisms supported
a travelling thermocouple which could move snywhere in a
plane perpendicular to the heuted surface &nd passing through
the axis of the duct. The mechanism of mcovement cculd
determine horizontal changes in position of the junction within

0,2005" and vertical chenges within 1/16". Figure 2 shows the
construction.

LB5E Ty
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The travelling thermocouple itself wes made by butt silver
soldering I&N No, 40 B&S (.0031") copper-constuntan bare
thermocouple wire. The ccuple was gold plated for 1" on the
copper side of the junctlion and 3/8" on the constantan side
of the junction, This pluting and subseguent polishing were
done in order to minimize radiuticn error.

2,
;. r&

All thermocouple wires led into insulated switch boxes.
Separate boxes were used for the copper-sonstantun and iron-~
constantan connections. Leads to the potentiometer were

:
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‘ conbined through a small switch in one of the boxes. The
rosulting connection. led to a No, 2732 Rublicon Potentiometer.
Ccld Junctions for both the copper-constantan und iron-
constantan couples wore maintained in the same ice bath in

a kerosene filled 1/2" glass tube immersed 8" in u thermos
Jug of ice-water,

Alr was supplied by meuans of a GE Model No. 150
centrifugal blower. Alr passed horizontully from the blower
to a sharp right angle bend and then up three feet of 2"
brass pipe to & section where & sharp edged orifice was
instaiied. Pipe taps one diameter up &nd down stiream 3served

: as both pressure taps for the orifice meter and inlets for

* | thermocoupQQSa‘-A manometer, using air over water, was used
to measure the pressure differentisl across the orifice plate.
After another foot of brass tube, the alr passed througn a
3/4" hose to the top of the flow distributor. The flow

.‘. distributor served as a housing for the top thermocouple
mechanism and as an energy converter for the incoming gas.
The air then flowed down through the tep calming section and
throrugh the heated section of the duct. A narrow slot was
formed 1/4" below tha heated plates by means of strips of

light sheet metal extending inward from each wall. The width
of the slot was 0.41" except for a small slit at the center to

permit the travelling thermocouple to reach the wall. This
o F construction can be noted by reference to the top and side
i sectional view of Figure 2.
N
g Tubes were soldered to the outer wall of both the top
% calming section und the window frames. A controlled flow of
% water through these tubes maintained the sections &t room

temperature.

5} Onto the two outside surfaces of the heeting plates were
t £
% !g attached 8" x 12" plates of 1/2" thick aluminum. Six equally

o
L
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spaced 350-watt GE strip hecuaters wers mounted tiorizontally
on each piate spacing. 1t was therefore necessary for heat
producad 1n the strip heaters to pass through one full inch
of aluminum plate in order to gain the inside air-interface
surface; thus uniform distribution of heat was assured.
‘These strip heaters were connected in parallel in banks of
three, two bunks to a slde. Power was supplied to these banks
indlvidually &s shown in the wiring dlagram presented in
Figure 3. This consisted essentlially of a variable voltage
transformer between the line and each bunk. 4in additional
circuit was added to enavle u wattmeter to be thrown 1n
between the transformer und the heater.

e ocptical apparatus set-up 1s best described by
reference tc Figure 4. Light produced by & DC arc luamp was
focused on & stop by mesns of & Taylor-Hobson 6%" £f/2.5 lens.,
The stop contaired an0.015" dismeter pinhole, which permittied
passage of some of this fight. The smallness of the hole
permits consideration of the light as comlng from a point
source, The light then passed to an 8" parabolic mirror which
was located at its focal distance (50") from the pinhole. The
reflected light from the parabolic mirror was substantially
parallel and horizontal., A small angle (3.2°) between the
incident and the reflected light metns & negligible distortion,
Due to the small refractiou of iiis light rays passing through
the test unit it was necessary to huve a long opticul path
beyond the unlt. Since the room in which the experliments were
conducted was not ss long as desired, it was necessary to use
two pléene, front-surface mirrors to extsnd the opticul path,
At the point &t which the rocus of the refracted ruys was
desired, an 8" x 10" photographic plate was installed. A 3%'
long wooden rectangular duct extended from the plate toward
the light source to protect the photographic plete from stray
light. '
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A shutter was installed just beyond the pinhole, to
permit a known exposure time on the nagitive, Film used
was Kodak Contrast Process Ortho.

The parallel beam optical path to the test unit was
an 8" dismeter circle. However, the test section of the
test unit was 12" high. Since the optical system once
aligned, was very difficult to adjust for accurate work,
it was made us a stationary installation. Then, in order
to use optical methods on the entire test unit, it was
necessary to arrange for verticil nmcvement of the test unit,
e unit was, therefore, suspended on & frame 1n which it
could be moved up or down. [he welight of the unit was
counterbalanced by 128 1lbs. of iron sssh weights.

A triangular arrungement of three jacks at the base of
the suppo:ting fremework permitted adjustment of thne test
rig to vertical, A plumb bob, suspended from an arm, high
on the outside of the duct, was used to determine vertical
alignment. Near the bottom, the wire supporting the bobdb
passed through a ring. The duct was conslidered to bs

vertical when the wire supporting the bob was centered in
the ring.

PN g i . (4 Ty ST S ST TR ! 3 - S
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PROCFDURE

The test unit was Inftially put into operation LY
suppilying power to the blower and hesting elements, and
ccoling water te the ccolin; tuhes for the window frames

and top calming sectinne.

Arout two hours were required for the unit tc come ta
equilibrium which was determined by tempereture eguality of
oppos ite heating plstes, constant wall temperstures, con-
cstant inlet alr temperature (inlet air was neated by thne
blcwer), 3ta%1lity of pressure drop acrcss the sisrp edge
orifice in the alr supply line. snd approximate room trmp-
erature for the water cooled secticns.

After attainment of egquilibriuvm, the test unlt was
aligned vertically and optically. Vertical alicnment was
accomplished by changing the length of three Jjacks support-
ing the frame so that the plumb bob wire wuas centered in
the ring. The test unlt wus finally resdied by alisning
both the parsliel incldent lisht end the travellng thermo-
couple in planes parullel to the heatiny surfaces,

Travelings thermcccuple data werc first tauken. ihe
junction and wire were t'irst located psrallel to the s=ur-
face at elther y = 0,005" or y = 0,0075" from tre sur-
face, The ‘unction was then moved vertically down asnd resd-
iri;e were takon at various vslues of x inchesa from the tcp.
A new »lare further r'ror the suri’ace wus next chesen, and
the procecure repested and sco on. The last plane chosen
was 8t y = 0,500" which was close encugh tu the center
to be called thie centarline. Actuul centerline was at
y = 0.505 Only duts frem one well to the centerline
were ccocllected. Tenmperature distribution in the cus on tre
other slde of thc centerline wes assumed cte be symmetrical.

All wall temperatures .t the hesting glate were taken

o W R e s e T i
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L 1 on the side which wes vsed as the datum plane for the
traveling thermocouple., As a check on the opposite side,

%]

one wall temperature was taken there for comparison.
Pressure readings were tallen across the orifice and
tetween atmosphere and the downstream orifice top. Thermo-
couples installed at the pipe taps gave temperatures at
these polnts. Finally barometric pressure was recorded.
With lights out, the arc lamp was turned on and
rletures were talen of refracticn occuring in the lower
half cof the test sectlon, The test unit was then lowered
and similar pletures were taien of the upper half of the
test sechion., Usually two pictures, of 1/5 and 1/2 second
exposure time, were taicen of each section, Standard
procedure was used in devélopment of the negatives.

: v

— Py < TV W R TR 07 Ay = TV § L ANy T VRN TR T Y w



D ISCUSS ION

a

Qutline cof the Problem. Interest 13 centered on

heat trsnsfer to a fluld ftorced to flow through a con-

t in which gravitational or contrifugsi forces are
the direction of' the flow. ,

ihe temperature gradlent trom the heated surface
to the main body of the fluild produces a change in den-~
s ity iﬁ the ilrection normal tc the flow of fluid., The
gravitational or centrifugal forces acting on this change
in density, produce a ditf'erence ir. hydrostatic head across
the ‘condult, The less dense material nea} the heatedl

surface, therefvre, les less nhvdrostatlic head than the

fluld nesar the center of the duct. Since the fluld nres-
sure nornel to the flow L2 essentlally constant acrcss

any crces section, thils difference In head canses an

O B SN R R S R BRI T TR TR e

untalance of forces, ard depending upon thie relat'lve

strength cf these forces, resulis In reducticn, stagnatlcn,

or reverssal of the downward flcw of fluld near the wall,
Since 1t was not practlical tc have a simple test

unit in which the sccelerative force was produced by

L)

centrifural force, the unit w2l to be so arranged that
gravity acted as the effective total of all constant

accelerative fcorces., In the provlem under discussion,

this was arranged by Laving a vertical duct aa the test
unit.
Dract Thecrellcsl Wcuaticns., Tlie thecretical eguu-~

ticn for real f£low to &8 moving fiuld (1) zuan Ye expressed

as follows:

39 X 3 x y 97 2 9oz ax a7 3"

1

oot
»
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I'ns velceclty terma in Eguaticn 1 can bo expressed
by Newtcn's law, Perce = Mass x Acceleration. Newton's
equation, applied to moticn of it volume of the fluld

*

ir. the direction cf three coccrilnastes, respectively, (2)
becomes :

dux
pa,‘--(gx-thﬁ'F\CC . fz)
du
B A = P 4+ o (=
P 36 (6, * v F‘) 5 W3
duz
e 8hpe . L \
pIg T (B * P *F) g, (43

where the tctal force 13 compcsed of:
l. Inertts forces Sy gy, 5, A5 gravity, or centri-
fupal torce,.

2. Dynamical fcrces Py, ) 4 Pz’ 8s Lthe presanre drogp.
22 U

3. Frictlonal forces F » F,» F,, cuaused by viscosity
and wali friction.

Prictlonal forces (F) are expressed in the equation
of. Stckes (3):

32u 32u azL__ S an au du_
F, o= Bl—pF + —5 + —=%) + = & (% + L« D)
= ax ¥ 3¢~ 9 ax d° dz

Two similar eguatlions (dencted as Eq. 6 and Bq. 7
respectively) for F_ Bnd F, fcllew by cyclic variaticn.cf
X, ¥, 2, &and Uy uy, U, e

fxact sclutlon would reqiilre simultsnecus solution
of ZBgquations 1 tc 4, ‘tHowever, 1t 1s obvicus that analytlical
sclution of Wguaticns Y to 4 i3 impessivle., For practical
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pogsea; consideradle simplification of these equations
can be attained without great lcss of accuracy. Such
simplifications, however, musti include laminar flow.

Approximate Theoretical Eguations. For the heut
ccnduction equation, BEquation 1, such simplifications
include the assumption of :

l. Steady state unidirectional laminar flcw,

2. Constant phrsical properties of the fluid (#, 2, p,
and ). :

Se Nezlizibie conduction in the direction of flow,
i.8. in direction x.

4. Tempsrature independent of time.

. Ccnstent duct wall temperature

Application of these assumptions give:

2
at - gt j—g‘) (€)
Ux 3 of° ok

o

For the hydrodynamic eguations, Equaticns 2 to 7, such

simplifications are:

l. P ani F are neglizitle in the direction y and z.

2. Physicsl propertles of fl:1d are constant with the
exceptlion of the density in relsticn to g, the
acceleration due tc gravity.

3+ Flow ! conatant and unidirectional

4. Gravitational or centrifucul force lles in the x
direction only.

Application of these assumptions to Eguations 2 to 7

glve:
g, +P +F_ = 0 (93
a2ux a2 §
and Fx = P(gjz- +‘:75‘) (1Q)
y Qz
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3 °L
Sirce Px ="?r£§and 8, = —:——p, the hydrodynamic
eyuation becomes: .
g Fu,  Su
22 = Lprn = e B9 (11)
o Y Y4

Changes in density are manifeast by a cnange in velo-
citles due Lo expansion of the fluid and by » change In
Lhe gravitaticonal or centrifugal force on a unit volume.
Since the former effect has been neld constant and the lat~
ter has bYeen regarded as a functiorn of temperature, we
find that Bguations 8 and 11 offer practically the furthest
theoretical simplification of the actua) cese as stated under
"Ooutline of the Problem™. Some additional simplification
results tor the case of flow throuch a cylindrical tude cr
between flat parallel plates of Intinite extent, But,
ngvertheless, simultaneous unalytical sclutlon of Fjuatlions
8 and 11 does not appesar possivle,

For analytical soluticn of Edhations 3 asd 11, 1t

~

is necessary to regard the dersit us ccnstent also.

. g
In thils case then Jip,— —L—p = PFrlctlonal Pressure Drcp.
ax SC

So Bquation 1) cuan be expressed as:

3% i

) u

(<3 = p '7}’5~ o) (12}
Friction 9y S

Solutlon of Equation 12 for flow in c3ylindricul tubes
cr baiwcern flat parallel plates of infinite extent rasults
!n a paratolic velocity dlstribution {4)

- Oubstitution
cf the parabelic veicciiy distribution In the hemt zone

ductlion eguation, inastion 8, results in eguaticna amerable
t¢ sclvtion.
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A Morrics and 3treid (5) have compiled and plotted
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these solutions for the cases of parallel infinite plates
and circular tubes. A plot of these equaticns is given

in Figure 12. Coordinates are listed in Tubie 12, The
heat-transfer coefficlents used“afé defined by Eguation 13.

S T X
hy Lty » S5~/ hy L%y = %/
(€ ’tl) = (tw'tal
hL ZK%w'tl)/(tw°téI:Z

g e
s 1, /{ e (°w,"t?) 2 . (13)

Previons Lxperimental ork, OStender (5) investigated
the heating of upward or.downward flowing water in a vertical
pipe. [low rates were between a Reynoldts Number of 10,000
anc 63,000, Little gifference was found between heat trans-
" fer rates with flow in either directicn. Ile concluded,

therefore, that the buoyant force had negligible efrect
beyond N, = 10,000,

=0
i

Jurgensen and l‘ontillon (7) heuteqd woter flouing
within 2 verticzl tube and found the heat tranfer coeffi-
clent -independent of flow direction for Mre grea’t :r than
207,000, Between the lower limit cf investigation (HRe = 8,000
to Np, = 20,000) they roted that downwsrd flow gave higher

coefficiants than eitner u»rword flow or

» floaw within a horia.
zontal pipe.- /ithin this range thelr dztz for herting water
in downward flow in a vertical tube are correlated by:

s [ ~\
B = Bl g 0 s A

210} "Re . NPr (14)
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t. They also mention that Scennecken, (£), who huilt
and first used the apparatus used by Sternder, reported
higher coefficients with downward than with upward t'low.

&
i e

E Cclburn and Hougen (9) found thut, tor reating water
% flowing in 8 vertical pipe st ratses up to N of 22C0, the
%

Re
z data for that particular tube are correlsted by:

h = 442 ¢ (Ata)l/3 for upward t'low (15)

*

|
h = 442 ¢t (At‘.ﬁl)‘“/:5 fcr downward flcw (1e)

Experimental Approech to the Problem. Preliminary
consideration indaicated that if flow rates were low, the

£luid cculd become bucyant anough in the vicinity of the
%11l to rise aguinsi uvne airection of flowe. Under such

& ‘r considerations 1t was noted tlhat thie heast-transfer coeffj-
clent may be a functlon of length and Grashof Number (10)

d

£ as well as the varlables expressed 1n egquations of former
% w 3 N
| ork (NRe’

oy NPr). Therefcre, it was felt highly desir-
abhle to determine lozal heat transfer coefficilents.

One method of determining local coefflicients is to

cbtain the temperature gradifent at the wall, Since at the

wall the velccity 1s zAaro, the heat tranafer 1s by conductlicn

§ and can Y& Sxpresssd as
s % = 12km(—g§)y=<) (17)

9% when tie grudlent 1s exprecssed in degrees F. per incl.

%, If the {'low rate ot the fluid is not too grest, then
%§ & linesr velcclty gradlent exists fcr some.distance from

2 the wall. McAdams (11) presents data fcr air in isothermal

g
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fiow, in which the linear velocity gradient extends 0,10
inch from the surface for an average velocity of 7 ft. per
second. This distance incre2ss5 as thy velosity decresses,

Martinelii and Boelter (12) give Leveque's sclution
to the heat conduction equation (Equation 8) for ths case
of heat transfer to @ fluid which has & liunesar velocity
gradient from the heat transfer surfece. Their plot of
this solution shows that the temperaturs gradient, too,
is essentially linear from the wall.

It s apparent, then, that the tsmpzrature gradient
at y = O axtends out into the fluild for some distance in
cases of low flow rates., Since ths velocities at which
the buocyant force cauﬁe& an effect on heat transfer are in
the low Reynold's Numbers anyway, this approach should te
valid for thias investigutione.

At leuast two methods are available for finding the
temperature gradienta at the walil., One method is to take
thermocouple readings at known distances from the wall to
find the slope directly. The other is by means of the

amount of refraction of light which was initielly parailel

to the heatsd surface., Both methods were used and found
successful., 3

Besides. these methods, the mixing-cup temperature of.
air into and out of the heated section was taken &3 further
checke. 3Separate desoriptions of each method follow.
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raveling Theramgcouple Measurements

The hot Junction of the traveling thermocouple is
adjacent to air at one temperature and essentially
surrounded by a heated duct at snother. These terperature
differences can become appreciable, and the heat transferred
to the wire by rzdiation will cause the wire to be at a
higher temperature than the surrounding gas. Since the wire
measures its own temperature, this error is introduced in
gas temperature measurement,

The radiation error can be calculaf;ed by setting up a
heat balanca around the wire, Heat tc the wire by radiation
will dbe equal to heat leaving by convection if the wire 1is
in an isothermal plane. Since the couple is inclosed by a
virtual black bedy, we have:

Yadtation * Yonvection

’ g e
0.173 CLa"((Th* - (ZEE¥) = n clibuire - tgas)  (18)
Original calculations werse made for:

Ty 1060 °Rr (600°F)

T ipe™ 660 °R (200°F)

a¥ = 0,84 for oxidized constantan
hx - €0 (see Ref. 13)

and resulted in

t os 26 °p

wire 'gs8
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To reduce this error, gold was plated on the junction
and polished.
Then, a" = 0,035

and Yuire = tgaa = 1.1 °F

Howsver, the introduction of gold onto the surface of
the copper to constantan junction causes an additional
electromotive force sffect., Essentially, a new junction 1s
establ 1shed between the goid and constantan, The cupper to
gold plate contact seems to have negligible effect.

Application of a heated rod of known temperature over
the point at which the gold plate stopped on the constantan

" . side of the junction indicated that a calculated (1)

temperature gradient of 50 degress F. per inch gave an enmf
error of about 10 degrees F.

It was then necessary to obtain the length of the gold
plate on the constantan side of the junetion which would
cut down the radiation error at ths true junction, and yot
be short enough that both major and minor junction hed
easentially the same environment temperetura.

In order %o calculate the length of plate needed for
this condition, the point &t which gold plate stopped on
the constantan side of the true junction was considered
tc be attachsd to a 30lid wall of temperature 26 degrses F,
(unplated wire to gas At). The wirs then extended out into
an environment of temperature 1.1 degrees F, (minimum
protected wire At). The solution for this case (1l4) gives
the tsmperature at any point along the wire.

The final solution of the problem then rests as a
balance between the length of plating which will reduce
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the error of radietion from 26 °F to “t®, versus the
distance between the junction and psuedo-junction which
will raise the error from 0 °F to "t¥, This length
proved to be 3/8" on the constantan side ths junction,
which results in an estimated error or abhout 3 °F,

On the copper side of the junction there appeared to
be no error introduced by the gold plate; and so the plating
was extended far enough to reduce the error theoretically
to 1.2 degrees F, This length was 1" on the copper sids of
the junction. Total langth of gold plate was therefore 13/ 8",

The copper constantan wira used for the traveling
thermocouple was Leeds and Northrup No. [0 B&G Gaugs (0.0031"),
The amall size minimized error due to conduction when the
wire lay in a non-~isothermal plane. To obtain a point
junction and yet have both joined wires on the same axis,
the junction was made by butt silver-soldering. This was
accomplished by dipping 1/8" of the end of each wire to be
Joined into & molten drop of low melting point silver sclder.
These two ends were then accuretely butted by means of a '
micropositioner., A small flame (i/8%) was touchsd o the
junotion and the silver-solder flewed into the slight gap
to form & continuous wire, Flux was used in all soldering
cperations. So successful was this method that in some of
the ocuples mads, it was not possible to tell exactly where
the junction lay without a low power microscope since color
was obscured for 1/8" on either side of the junction due to
the silver coat. ‘

Gold plate was applied by using a l-volt potential fox
about 20 minuteus, The area which rested in the pleting
solution but whick wes not to be plated (only the distanca
of 1 3/8" was to bs plated) weas protected by a coat of

& S 0 P v £ a0 -
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Wonder-lsc stop-off lacquer.

Two different traveling thermocouples were used in-
the course of all runs. Ons had a small bead (estimated
thickness of 0.004") which identified the junction. The
position of the junction of the other could be identirfied
only because its distance from the end of the gold plate
on the constentan side of the junction was known.

Slight differences in temperature between the two
heated plates or between Oppcciyo sides of the top calming
ssction shifted the calming sections slightly from vertical
parallel to the heating surfaces, If the traveling

~ thermocouple was flush with the heating surface at one set

of conditions, it was found that it might have been
displaced 0.020® in the next. Such variation made it
desirable to zero the traveling thermocouple before each
™un,

T zero the thermocouple was not difficult, I the
thermooouple wire was close to the heating surface and
light was dirscusd &t a small angle to the heating surface,
then the shadow of the wire on the surface as well as the
wire itself could be seen., It can be shown geometrically
that the distance between the images as seen 1s twiee the
actual distance from wire to plate., Under these conditions
the wire can bs located with reference tc the surfacs within
ssveral thousandths of an inch,

In operation it was found that the wire, although

originelly parallel to the surface, would not necesseriiy

be pareallel when the junction was moved vertiecally.
Fortunately, however, the junotion stayed a fixed distance
from the wall.
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Actually, the error in measurs of the distsnae
between thie wall and the wire wae no:c <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>