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1 INTRODUCTION

There hos been a oonsiderable lnorease during the past decade in the
quantity of experimental measurements of aerodynamic heat transfer, Unfor-
tunately, even a casual inspection of the available results reveals that the
quality of the measurements does not always reach a high standard, the consis-
tency of the results being much less than is customary in measurements of forces
or pressures. This is perhape understandable because heat transfer rates are
more diffioult to measure than either forces or pressures, and the instrumenta-
tion tends to be more elaborate, Even so, there is no reason why the avcuracy
of measurements could not be improved if the major scurces of error are
thoroughly understood,

A large number of superscnic wind tumnels are of the intermittent type
since this type of tunnel is easier and oheaper to build (and to run) than a con-
tinuous wind tunnel of the same size, The method of heat transfer measurement
in such a tunnel is known as the "transient" or "heat-pulse" technique and is
described in this report; the errors involved in the assumptions that have to
be made if this technique is used are investigated in detall, and methods are
suggested for correcting or avoiding these errors,

As this Note is intended to be an introduotion to the technigue for those
meeting it for the first time, a list of definitions of the more important
quontities 1s given in Seotion 2 together with oomments upon their physical
gignif'icance.

2 DEFINTTIONS

When air flows over a body, heat is exchanged between the air and the body
until thermal equilibrium is established., When this has ocourred, each point on
the body is 2t an equilibrium temperature which will vary from point to point.
In general, a point on the surface of the body that is exposed to the airstream
will receive heat from (or lose it to) the air - the prooess is known as foroced
conveotion or aerodynamic heat transfer, The point will also gain or lose heat
by conduction from other parts of the body, and by radiation.

The aerodynamisnist attempts to forecast the heat transferred by forced
convection, and to express his results as a function of the surface temperature.
The struotural engineer then uses these results as a boundary condition in his
analysis of heat conduotion within the struoture; he also takes into account
heat transferred by radiation,

In order to disouss the subject of amerodynamin heat transfer in general
terms it is necessary to anticipate one of the defirnitions given below and to
oonsider the maximum temperature that each point on the surfadse of the body would
reach in the absence of conduction and radiation, This is known as the recovery
temperature, It follows that if the temperature of the surfase is greater than
and vice versa, The aerodynamioist, then, has to forecast the recovery tempera-
ture, and the way that the heat tranaferred by forced convection varies if the
surface temperature is different from the recovery temperature. This he does
by giving either the heat transfer factor, or the Stanton number - both of which
are defined below,



In the theoretical study of forced convection, it is necessary to define
a thermal boundary layer, Just as in the familiar boundary layer, the velocity
gradient normal to the wall is large, so in the thermal boundary layer the
temperature gradient normel to the wall is large, The temperature within the
thermal boundery layer, however, is greater than that in the external strean,
and the temperature profile varies considerably with the surface temperature of
the body, The thickness of the thermal boundary layer ocan be defined, in an
analogous way to the ordinary boundary layer thickness, as the distance from the
wall at which the temperature reaches, say, 99% of the value in the external
stream, The two boundary layers have thicknesses which are of the same order,
but they are not identiocal,

The following definitions assume that a body is situated in an airstream
and that heat is being transferred from the air to the body. Alternative nemes
for some of the terms are shown in parentheses after the symbols, and where
possible typical values of non-dimensional quantities have been given. It has
been assumed that temperatures are low enough for the specifioc heat of air at
constant pressure to be constant, If temperatures are greater than about YOOOK,
it is necessary to use enthalpy instead of temperature in the definitions given
below,

2,1 Wall or surface temperature Tw (parietal temperature)

is the temperature of the surface of the body in contact with the airstream.
It is also the temperature of the immediately adjacent air in the boundary layer.

In general, T will vary over the surface of the body; its value will

depend upon the rate at which heat is transferred from the air, upon the amount
of heat conduction within the body, upon the amount of radiation from its
surface, and upon the history of these quantities from the eommencement of flow
over the body,.

2,2 Equilibrium wall temperature T,

at o point is the value of 'I‘w when the body is in thermal equilibrium,

Te depends upon the same quantities as does T _.

2.3 Recovery temperature Tr (zerc heat transfer wall temperature, adiabatio
wall temperature)

is the value of Tw at which there is no aerodynamio heat transfer between

the body and the airstrean.

'I.‘r will vary over the surface of the body. It depends only upon the

aerodynamics and upon the shape of the body. If the wall temperature at any
point is less than the recovery temperature, heat will flow in from the
passing air, If a body has been in the elrsiream for a long time and is in
thermal equilibrium, the heat lost by radiation will ensure that Te < Tr’ where
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the bars denote mean values, Locally, Ta could exceed Tr if heat was being
supplied by conduction from & region with a higher recovery temperature,

2,4 Recovery factor T'p {temperature recovery factor, boundary layer
recovery factor)

1s defined by the equation r, = (T LT 1)/('.[‘0 - T1), whore T _ is the
stagnation temperature of the air just outside the local boundary layer.

T0 - T1 is the temperature rise that would be experienced if the air just
outside the boundary layer were brought to rest isentropisally, whereas T, -~ T1

is the tenmperature rise that tekes place through the boundary layer where the
air is brought to rest at the surface of the body by a non-isentropio process,
The recovery factor is therefore an efficiency factor that takes into ascount
the dissipation in the boundary layer., It has & value of abtout 0,85 in laminar
flow, and 0,9 in turbulent flow.

By expressing T  in terms of the local Mach nusber (viz.TB/ﬁq =4 +%Gr-d)M$)

an alternative expression for r, can be obtained: Tr/T1 =1 + % rT(7~1)M:{

T

2,5 Driving temperature Tr - Tw

is the difference between the recovery temperature at any point on the
surface of the body and the actual temperature there, It ocan be positive or
negative.

2,6 Heat transfer rate Q

is the quantity of heat transferred in unit time between the airstream
and unit area of the bedy surface by serodynamio means, It exoludes any heat
transferred by radiation, and ocan be positive or negative,

2.7 Heat transfer factor h (heat transfer coeffioient)

at a point on the surface is the heat transfer rate per unit driving
temperature, It is o dimensicnal quantity.
Since @ has the same sign as Tr - Tw’ the heat transfer factor is

alvays positive and, paradoxically, can have a finite value even when no heat
is being transferred since the ratio remains finite as T. - TW -+ 0, It is often

assumed to be independent of T , elthough it in faot varies with (Tw/Tr)n, where
n lies bvetween O and 2; it also varies slightly with Maoh number. The equation
Q=nh (T, - Tw) is in effect a statement of Newton's Cooling Law,

2,8 Stanton number St (heat transfer coefficient, nombre de Margoulis)

is defined by the equation St = h/'p1 u, op where p,, u, and op are

respectively the density, velocity, and specific heat of the air just outside
of the boundary laoyer passing the point in gquestion.
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The Stanton number is the non-dimensional form of the heat transfer
factor, It can be thought of as the ratio between Q, the amount of heat

actually transferred to the body, and p, u, °, (T, = T_), whioh oen be oon-

sidered as the quantity of heat in the passing airstresm that is available for
trensfer, In other words,_it is o sort of effiolency factor, Values are
typically of the order 1073.

2,9 Nusselt number Nu

is defined by Nu = hé/k, where k is the thermal conductivity of the air,
and £ is a oharacteristio length, It is non-dimensional,

If ¢ is taken as the local boundary layer thickness &, we oan obtain

Q = Nug k(T - Tw)/a.

Thus the Nusselt number would be unity if the heat transfer across the boundary
layer were entirely by conduction, One could also say that k(Tr - Tw)/Q is a

measure of the local thermal boundary layer thiokness, and that the Nusselt
number is the characteristic length divided by this thiockness,

3 THE TRANSIENT TECHNIQUE

Models are made with a thin metallic skin - the insides are usually left
empty (i.e. filled with air at low pressure during & test), In an experiment,
a model is exposed suddenly to the tunnel airstream and the skin temperature
recorded as a funotion of time at severel points on the model,

If the skin is of constant thiokness, if the temperature gradient through
it is negligible, if no heat ia transferred to the interior of the model, and
if there is no heat conducted along the surface of the model, then it oan be
shown (Apperdix 1) that

ar_
Q = pdeg, (1)

where p, d, and ¢ are respectively the density, thiockness and specifio heat of
{1he skin of the model, O0Of the four assumptions made in deriving (1), two are
almost invariably Justified: the model can be made with the skin thickness
controlled to very close tolerances, and air is such a poor heat sondustor
(especially at low pressure) that heat transfer iato the interior of the model
can safely be ignored. The correotions involved if the other essumptions are
not valid are discussed below,

3.1 Correction for thick skins

It is difficult to measure the temperature of the model skin except at
the inner surface, and we will denote by Qt s the heat transfer rate obtained
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from mezsurements there using the thin skin approximation. If T is the tempera-
ture at distonce x from the immer surface of o thick skin, we have

Q ,, = pod (3T/3t) g -

(2)

The heat transfer rate across the cuter surface of the skin in

Q¢ = k (3T/x)__, (3)

where k is the thermal conductivity of the model

and we can define a 'thick skin correction factor' F, where @ = F. Q
(2) and (3) we have

. From
3

7 Kd (GT/Bx)x =d

= 55 13573;7——6 ()

The non-dimensional parameters A(= hd/k) and Kt have been introduced, where
= h/po d, for oonvenience in subsequent expressions.

The temperature distribution through a homegeneous flat sleb of thickness
d that is heated by foroed convestion (with constant h and T ) is given in
Ref,1 p.100

T - T = 2r cos (B_ x/d)
nen : 2 exp (- 2 Kt/A) , (5)
r a (A" + 2 + BS) ocos ﬁn

n=1

1

T 1 f

where T 13“%h§*£ﬁitial temperature of .the slab and the B, are the roots of
BtanB )

For#very $mall velliss of Kt this does not converge very rapidly,
and it dis better to use an approxlmate solution given in Ref.1 p.252

- d
i = erfo (A=38N , oreo /1ﬁi~¥ d\==erfc /J:::?-1 =X d\exg (A (1-x/a) + x&t]
Tp=Tq \2 vKt// \2 YKt/ \ 2 VKt/2/



From (4) and (5) we can derive

o0

4 2
e &3 ( = Kt/#)
E;‘ 12 + A+ Bi ( o

G

F o= 2 7)

©0

» B, cosec B 5
EZ_ g % exp (— B Kt/i)

Ao+ A+ Bn

n=1

and for very small values of Kt, using (4) and (6), we have

ferfe vAKL - erfc (VAKT + Vi/Kt) exp 2Al exp MKt
exp {- Mu4Kt) - h exp {A + MKt} erfo (VAEL + & VAKE)

(8)

i

Values of F have been computed for a ronge of values of A\ and are shown in Fig.1.
It will be seen that the correction factor can be very large for small values of
X%, but that it rapidly decays to a constant value less than unity for large Kt.
In other words, for a short time after the air has started to flow over the
model the temperature of the inner surface will not deviate from its initial
value, and F will be infinitely large., However, once the temperature of the
inner surface has started to rise, the temperature difference between the outer
and imner surfaces will fall, It follows that the rate of change of temperature
with time at any instant will have its maximum value at the inner face, so that
heat transfer roates derived from temperature-time derivatives at the inner face
will be over-estimates.

For each curve in Fig,1 there is a minimum value of Kt, denoted by (Kt)*,
such that F is constant (= F*) for Kt > (Xt)*, Providing that measurements are
made for Xt > (Kt)* it is easy to correct values of heat transfer rates obtained
by the thin skin approximation for the effects of skin thickness, because the
correction factor is then a function of ) only. 4 greph of (Kt)* as a function
of M is shown in Fig,2, and it will be seen that for all A\, A > (Kt)*. The
method of maoking measurements whioh immediately suggests itself is to take
Kt = A, as this ensures that Xt > (Kt)*, If we put t* = A/E it is then possible
to eliminate h and obtain

o= = (9)



i

where k (= k/bo) is the thermal diffusivity of the model, and t* is the
earliest time after flow is established over the model at whioh measurements
should be made. For a copper model with a skin thiokness of 2 mm t* would be
0,034 seconds; for a stainless steel model with & skin thiockness of 41 mm t*
would be 0.24 seconds.,

If Kt 2 A, the second and subsequent terms in ths two series in (7) are
80 small that they can be negleoted (this is because B3 ~ 10 far all A, end

By > By ete,) and so (7) reduses to

8in B1
F* = B [} (10)
1

In order to evaluate the heat transfer factor h, it is necessary to ellow
for the fnct that the temperature measured on the inside of the skin (T4) is not
the same as the surface temperature Ty, If hy s is the heat transfer factor

obtained by measurements on the inside of the skin at time t¥%,

Q
- 1.8,
by o, © T omE - (11)
by i

We oan now define a correction factor F,, such that

h = = P, P h (12)
Tr - T;:’ 1 t-so
Tr - T#
and therefore F = s, (13)
1 Tr - T;

From (5) and (13), and taking the first terps only of the series as before,
we obtain

Fy = seop, . (14)
And from (10), (12) ard (14) we oan cbtein
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tan 8
! : (15)

If A is small, 84 is small, and tan 61 oan be expanded to give
2
L

B
ho= {1 3 ‘17%5'511”"-"-}%.5. (16)

and we can also make the approximation Bf = A and obtain

- A, 2,2
h = [1 + 3 + 15 A+ 00..] ht.s. - (17)
tan B

In Fig.3, & graph of is given as a function of A, with the straight

p
1
line 1 + % derived from the first two terms of (17) shown as well, It will be

seen that the approximation is sufficiently accurate for all except large values
of A» If (15) or (47) is used to correct values of h, it would be possible

¢S
to use the corrected value of h to obtain a new value of A (= hd/k) and hence
an even more correct value for h;

2
h = {1 + % + 2%;— + ....} h s, (18)

80 that providing 12 can be negleoted, this ref'inement is not necessary.

3.2 Effect of heat conduction

If the requirement ooncerning no heat conduotion along the surface of the
model is removed, equation (1) no longer applies, Instead, we have for a body
of revolution (Appendix 1)

2

aT o T
Q = podzf -k (;;5 + (19)

Bl
4 11
a1uﬂ
L

-11 -



where s is the distence along the surface from the nose of the model, and r is
thé radius. TFor models that are not bodies of revolution the equation for Q
will in general be impossibly complicated.

It is obviously easier to use (1) than to use (19)., In addition, to
evaluate asT/as2 it is necessary to provide several equally spaced measuring
points in a straight line, This could be inconvenient, and sinoce (19) does not
apply when the model is at incidence to the airstream it is best to arrange the
experinent so that heat conduction along the surfece is negligible, This is

done by choosing a model material such that t* 1s small., Measurements are made

at t = t¥, and if t* is smell enough the model will not have heated up suffi-
oiently for heat conduotion to be present to any marked extent.

An approximate solution of (19) is given by Conti in Ref.2, He oonsiders
several different bodies, and disousses in particular the problem of high heating
rates near the noses of bodies, George and Reineche, in Ref.3, estimate the
effect on wall temperature of conduction along a thermally thin skin.

b METHODS OF TESTING

There are three ways of exposing the model suddenly to the airflow: the
tunnel can be started very quickly, the model can be oovered with shields that
are removed when the tumnel flow is established, or the alrflow oan be established
in an otherwise empty tunnel and the model rapidly brought into the working
section,

If the tunnel can be started quickly it is usual to make use of this pro-
perty. There are, however, some disadvantages., The most serious is that just
after starting the temperature response in the working section is often much
more sluggish than the pressure response. In partioular, if the air has to be
heated in order to avoid liquefaction in the working section then the pipework
between the heater eand the working section will ebsorb heat from the airstream.
This can mean that for a short time af'ter flow is established the air in the
working section will be below liquefaction temperature, The resulting heat
trensfer rate, which depends upon Reynolds number (whioh in turn varies with
temperature) will then vary in a way which defies analysis, This difficulty
has been successfully avoided in some instanoces by having a changeover valve
Just upstream of the tunnel throat: the flow runs through a plpe by-passing the
working section until everything has warmed up, and then the changeover valve is
operated, The practioe of making measurements at a time after flow has started
when the stagnation temperature has risen to 2 more or less steady value is not
to be recommended beczuse heat conduction will then have to be taken into
account,

In many tunnels the above difficulties are avoided by enolosing the
model by & pair of shields before & run - often incorporating heating or oooling
in the shields in order to vary the driving temperature, The shields are
retracted very quiockly as soon as the stagnation temperature has oeased to rise,
This is probably the most widely used method at the present time,

A variant of this teohnique has been used in the helium hypersonio tunnel

at Princeton., A small hand-press is used to press powdered solid carbon dioxide
into & conical shield that fits over the model. While this cools the model, &
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seoond shield is made, When the first shield has almost disappeared - having
oooled the model - the second one is placed over the model, the working section
olosed, and the tumnel started. The shield very soon disintegrates, exposing
the model to the airflow, Although the shield usually disintegrates so suddenly
that all of the model is exposed to the flow at substantially the same time,
wires can be embedded in the shield during its manufacture and be subsequently
pulled to enforoe ocomplete disintegration.

The rapid projection of a model into a working section in whioh flow is
already established presents some engineering problems; in particular, it is
necessary to ensure that the rapid acceleration and deceleration of the model
do not damage or dislodge any instruments mounted within it, The disadvantages
are sufficient for the method to be used comparatively rarely for heat transfer
measurements,

5 ACCURACY OF MEASUREMENT

In order to obtain a value for Q, it is neoessary to measure p, o, d, and
3T/3t. Since § is the product of these quantities, the overall eccuraoy is
determined by the least accurate of the measurements - an elementary fact that
is sometimes overlooked., In addition, any variation in d will affect the acouraocy
of the results, Since it is necessary to make measurements as soon as possible
after the start of the flow, t*(= d°/x) has to be small, However, if d is made
too small, small absolute variations in d can mean large peroentage variations,
with corresponding loss of accuracy. It is therefore advisable to make the
model from a material with a high value of x ~ and of the available materisls
copper seems to be the best., If results of high accuraoy are required it may
even be advisable to cut the model open after the experiments are finished and
to measure the local skin thickness at the points where the measuring instru-
ments are situated,

The density and specifiec heat can be measured at leisure before the aero-
dynamic experiment takes place, using samples of the material from whioh the
model has been made, Previous measurements of these properties are not neces-
sarily relisble - the aotual values can vary quite oonsiderably from batoh to
batoh of nominally identical materials,

It is not necessary to measure thermal oonductivity to the seme soccuracy
because it only affects the correction terms, which are (or should be) only &
few percent of the total. Indeed, published values are probably sufficiently
accurate for most experiments.

Sinoe dT/3%t has to be obtained from numerical differentiation, which leads
to a decrease in the accuracy of the results - the error in T/t is about
double that in either T or t ~ the temperature and the time have to be recorded
more accurately than the other quantities.,

6 INSTRUMENTATION OF MODELS

Skin temperature is easily measured with thermocouples attached to the
inside of the model, Since effects of skin thickness can be allowed for, there
is no need to attempt to place the thermocouple bead near the outer surface by
drilling through from the back., In fact, the disturbance to the medel skin could
cause the local temperature to deviate from its undisturbed value,
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In the author's experience, spot welding of the thermocouples on to the
skin produces the most consistent results because the model skin is almost un-
disturbed., Providing the work is done with ceore, the mechenical strength of
the weld will be sufficient to avoid accidental disturbance, A circuit of a
spot welder is shown in Fig.k and the methed of operation described in

Appendix 2, ’

It is always advisable to calibrote the thermocouples after they have been
fixed to the model., This can oconveniently be done by immersing the model in a
heated o0il bath and using either a calibrated mercury-in-glass thermometer or a
platinum resistance thermometer as reference,

It is beyond the scope of this report to discuss methods of recording the
millivolt output of the thermocouples,

6.1 Size of thermocouple wires

If the diameter of & thermocouple wire is large, or if it is a good heat
conductor, it will measure & lower iemperature than would have existed ir its
absence, On the other hand, small diameter wires are difficult to attach to
the model and are easily broken, It is therefore desirable to use a wire with
as large a diameter as possible without causing a surface temperature depresaion
of more than (say) 1%. As far as the author is aware, no systematio investiga-
tion of this problem has been published. A rough and ready rule, based on an
incomplete experimental investigation, is to use wires of diameter less than
20% of the model skin thickness, and to avoid copper as & thermoocouple material
because of its high thermal conductivity.

7 MEASUREMENT OF RECOVERY TEMPERATURE

Sinoe the maximum running time of an intermittent wind tunnel is rerely
long enough for a normal model to reach recovery temperature, this quantity has
to be measured separately from the other temperatures. One method iz to make a
seoond model having the same shape as the first, but with an extremely thin
metallic skin sometimes mounted on an insulator. The temperature of the skin is
recorded as e function of time, and should reach equilidbrium btefore the tunnel
flow has to be stopped, If the recovery temperature is high it will be necessary
to teke radintion losses into account, If the emissivity of the model is e, and
o is the Stefan-Boltzmann constant,

et = h(Tr - Tw) - eo'T:' (20)

where Qnet iz the total inward heat flow, If the model is in thermel equili-
brium for T, =T, Q _, = O and we can obtain from (20)

Tlg ] (21)



The value of h used in (21) will have to be obtained by assuming that T, =T

in its derivation, which should be sufficiently accurate in neerly all
experiments,

e

No allowance has been made for radiant heating of the model from the hot
walls of the tunnel, because the amount of heat received in this way is likely
to be small - the working section wells in most wind tunnels heet up so slowly
in comparison with the model that the heat radiated from them is negligible,
Conduction errors and their corrections are discussed in detail in Ref,3,

8 CONCL,USIONS

A detailed analysis of the transient technique for measurement of aero-
dynamic heat transfer has shown that effects of skin thickness can be taken into
account if measurements are mnde af'ter a short time determined by the skin
thickness and the properties of the material from whioh the model is made.

In order to obtain accurate results and to minimise errors due to conduc-
tion within the model, it is recommended that the model be made r'rom a material
with a high value of thermal diffusivity, and of the available materials ocopper
seems to be the best,

Measurements of recovery ftemperature present the most diffioulty, but the
use of & separate model is usually sufficient to ensure accurate measurements.

LIST OF SYMBOLS

L] speoifio heat

d thickness of meodel skin

F correction factor defined in 3.1
T value of F when Kt > (Kt)*

F, defined by (12) in 3,1

h heat transfer factor (see 2,7)
by s, defined by (11) in 3.1

K h/pcd

(Kt)* value of Kt defined in 3.1

k thermal conductivity of model (except in 2.9)
M, Mach number just outside of the boundary layer
Nu Nusselt number (see 2,9)
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SYMBOLS (Contd)

heat transfer rate (see 2,6)

defined by (2) in 3,1

redius of the model

recovery factor (see 2.4)

Stanton number (see 2.8)

distance from nose of model, measured along the surface
model temperature before air flow starts

equilibrium temperature (see 2,2)

temperoture of the inside of the model skin

value of Ti when t = ¥

recovery temperature (see 2,3)

wall temperature (see 2.1)

value of Tw when t = t*

stognation temperature just outside the boundary layer
temperature of air just outside the boundary layer
time, measured from the start of flow over the model
d2/x

distance through the model skin, measured from the inner surface

positive roots of B tan B = A

ratio of the specific heats of air
emissivity of medel surfooe

thermal diffusivity of model = k/pe
hd/k

density of model skin

Stefan-Boltzmann constant
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APPENDIX 1

If the iemperature rise is 8T, then a

S

Q
(1) Consider 2 smoall element of skin area
A with heat being tronsferred to it.
In time 8t the heat input is QA &%, } rx\_*__ﬂji,,zj
QA 6t = AdpcﬁTw

where 4 is the thickness, o the specific heat, and p the density of the skin,

4aT

W
As bt » 0, we get R = pod el

(1i) Consider & thin-walled body of revolution et zero inoidence to an air-
stream, so thot there is no heat flow round 2 section normal to the exis,

Distence s is measured along the surfaoe
from the nose, ond we consider a small
element ds bounded by normals to the
surface,

The heat flow into the element from the
air per unit time is Q 2nr ds,

The heat conduoted into the element per
unit time is -k 2zrd, dT/3s, where k
is the the: mal conduotivity of the wall
and d its thiokness,

The heat conducted away from the element is -k 2n{r+ &r) 4, 8/3s (T + 8T ),
where ('1‘ + 6‘1‘ ) is the temperature of the right hand end of the element, and r
the radius of 'the eross-sectlon normal to the axis,

axis

If the element experiences o temperature rise of AT in time At,
= 2 BT
2xr.bs,pd ¢, AT = Q.2zrr 83, At - 2rdk | (r + br) " (T + 8T) ~r =1 At ,

where p and o are the density and speoific heat of the wall material,

In the limit, as 4t » O and &s, dr, and 8T + O we get

_ a1 3T 4 dr ar
@ = pod 33 "kd{asz T as as}‘
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APPENDIX 2

OPERATION OF A THERMOCQUPLE WELDER

The oircuit of a thermooouple welder, used in the R,A.E, for welding
thermocouples to wind-tunnel modeis is shown in Fig,4. In use, the instrument
is switohed on, whereupon the capaoitor 02 beoomes charged. The model is con=-
nected to one of the output terminals and the other terminal is oonnected to &
thermoocouple wire, The wire is held with its end touohing the model, and the
foot switch operated, The capacitor 02 discharges, welding the wire to the

model, A thermooouple is formed by welding two wires on to the model as close
together as possible,

The ocorrect operating voltage is ohosen by trial and error by altering the
variable resistor R, , and if necessary the ourrent can te oontrolled by means

of R6' If the wires to be wslded are small, it has been found that the stronges

welds were obtained when the oconnecting lead from the welder was attached to the
thermocouple wire close to the end to be welded. An easy way to attach the lead
to the wire is to fit a spring clip (erccodile olip) to the end of the lead and
to hold the wire with it., It is adviseble to cover the jaws of the olip with
solder, which is soft and so the wire is not damaged when it 1s gripped by the
Olipo
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FIG.I. VARIATION OF THICK SKIN CORRECTION FACTOR
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A.R.C. C.P. No. 7BQ 533.6,011,6 2

533.6,0M,011.5

MEASUREMENT OF AERODYNAMIC HEAT TRANSFER IN INTERMITTENT WIND-TUNNELS,
Naysmith, A, January 1964.

The tranclent technique of measurement of aerodynamlc heat trans-
fer 1s described, and the major sources of error Investigated in
detail, Methods of testing are recommended that allow errors either
to be corrected or avoided, and graphs are given to facilitate
estimatior of errors,

A.R.C. C.P, No, 780 533.6,011,6 3

53346,0T1.011.5

MEASUREMENT CF AERODYNAMIC HEAT TRANSFER IN INTERMITTENT WIND-TUNNELS.
Nayamith, 4, January 196k.

The transient technique of measurement of aerodynamic heat trans-
ter 1s described, and the major sources of error Investlgated In
detail, Methods of testing are recommended that allow errors either
tc be corrected or avoided, and graphs are given tec facilitate
estimtion of arrors.










C.P. No. 780

© Crown Copyright 1965

Published by
Her MuaEesTY's StaTioNerRy OFFICE

To be purchased from
York House, Kingsway, London w.c.2

423 Oxford Street, London w.1
134 Castle Street, Edinburgh 2

109 St Mary Street, Cardiff
39 King Street, Manchester 2

50 Faufax Street, Bristol 1

35 Smallbrook, Ringway, Birmingham 5

80 Chichester Street, Belfast 1

or through any bookseiler

C.P. No. 780

S.0. CODE No. 23-9015-80



