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SUmrary

the variations in the speced correction coefficient o of aircraft
thermomeicrs reporied in #LR.P., 527 may arise “rom any ol the following
caugses 1n grevter or less degrec as deseribed in the following table,

Y . w ermr T

o T T T Porm of Variation
Possible sources of + 1ncrease Impoxrtance
VOLATLONS TN - decyeasc .
o no change
with with
. .. __ laltitude [speed |
Vamalions in e, the .
c*ﬂc,qu.c ncat ol alr + 0 Nil
(constaal prescure) ) - )
Varisbions 1n Prandsl Fudber - T TNl
Veriations in angle ol at YT i
{Thermoueler on lover surface)| . '+ - Important in bod siies
Ambient temperabure exrror ]~ | JImportant where 1t
1n andrcabor . .. +or=~}-or+ | oxists.
varingion in heat ox .changc 1n
gpv@f_mlomc ter \prtot-head only) - = | 4 __Ixost juportant
Trunsztion [ron laonaxr to
turbulent boundory layer  } = | 4  IMost important '
Noiotion.
Uy air speed 1a cm/sec clear of aircraft. ‘
v a1r specd tn knots,
g a1r speecd near the aerofoil where the thermometsr is mounted, cm/sec,
U, arr speed closc to thoe thermometer 1tsclf, cm/sec.
u, mean specd 1nside the prtot-head thermometer = /5 Uy
To uandisturbed ais temperature.
Tm totel or stagnation temperature of arrcsted air in °C.
T semperature at the surflacc of an acrofolil.
Ty temoerature of the outside wall of the patoi-head {hermometcr.
Ta tempernture at any point of the platinum wire temperacure,
element in the pirtot-~head thermomcter.
T temperature of the alrat any distance x inside the pitot-head tube,
To mean temperature of the platinum wire element. .
T mean air temperature 1aside the pitot-head tube.

T mcan temperature of the air in o channel,
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L tempercture rise of ihermowcier in °C.

air density in gm/en®,

aost of anr cnvering the mbtot-hezd thermometer pcer sceond,
Tore and alt width of a {lat plate.

dranvter of wasido of prtoi-head tubce 1n on.

diameser of circle of cguivolent arca to eross-scetion of
conperacure clencns and Cortacyy in om,

[oTRw ol o~

1 half wvadth of n chanacl,

1 effectave length of Lnside of pitot~head tube = 3.7 cie

o spocd covrection coelficLent for °F. and knots, 4T = a(V/100)2 °T.

B speed corvection coeflficrent Cor °C and cm/scc., B = 0.209?x10‘7a

A delfined as A = 2 ¢y D

Cn specific heot of alr ot constant pressure in uwmts stated.

k cocl{icicnt of thermal conductivity of air an units stased.

i} cocllicicnt of vigcesity of 2ir 1a C.g.8. U8,

v kincmacie viscosity = 1i/p

o Prondtl nuiber = jiep/k

R Nlcynolds number = xu/y

Mu lusselt nuabor,

Ay rote of cxchange of heat betwoen cir and wall 1nside prtot-head
themoncter per umt length of tube,

Aq ote of cxchangc of hcat between awr apd platimm wire inside
proov~hcad chermmomcter per umt lengih of tube.

k, rate of loss of heat, per wut length of tube, [rom platinum wire
by conduction through the Trame.

Cp cln friction coefficient.

Qo amount of heat translerrcd from unit arca per sccond, ergs/sce.

ka1 heav transfer coelficient defained 1n the text.

|+ Introducticn,
In :Lii.?. 527 (1) dhellard has swwmarised the evidence andicating

hat a varaasion sakes place in the speed correction coefMicient of
arrcralt chemmomceters both. wash aluvitude and, 1n onc particular casc,
with air speed. jie also mentloans somc possible rensons for che variations.

In what follows an attoaapd has been wade to list all factors which
could poseably afTcci tho speed correction ccellicirent anc to oxaomine
each thoroughly in vurn. -

- Alr wvhicn 1s arrested in the poundary layer of an acroforl.

exmerwcnces a raisce in samperaturc duc oo the converswion of ldnetic
cnergy anto heat. Sonce ol the acqguired heat will be lost by conduction
through the boundary layer to the wain {low but, at the samne tirmc, more
heat as beang creoted in the boundary layer by fractioa which oflscta
the loszes by conduction. The heat balance between the loss by conduction
and the gain by {riction depeads on the non-duaensional paraacter, the
Prandtl nwaber, o, defined as

¢ = E cp
k

If bhe Prandtl mmber is unaty the two elfcets cancel out and the
immermost laycr, which is statronary relative to the aercofoil, acquires
the svopnotion sdaababic temperature risc, When axr is the mediwi,
however, o < |, and there is a net loss of heat by conduction; so that,
in thig casc, the temperature risc o% the surface is somewhai less,

For laminar {low, Pohlhnusen (2), asswming constanb densiby, has
shown that the tompeorature rasc 2t a flat plate, wacre there 18 no heat

cxchange at the surlacc, 1s oxpressible as ,
o
Ug
£
AT = fl\G) 2@’9 .IHBUou...'d.nahuw-un-c(])

whcrelf(dﬁ 1s a function of o oaly,s peirp cqual Lo o close appqpxlmatlon;
. ]
TO U/



temperature of the surfoce

whencec, since

T-To = o = i [“E%ﬁgg_gi-f(o‘)g]

Substrtuting (o) = o*/? this formula beeomoes
2 2
AT = __1_};_0___ [J - (P"ﬂ;“g E, - C“i/eg] '.-.c-'-oooc(z)
(uo

Crocco (3) has shoun that this formula is valad also for laminar
Tlow in a compressible mediun ond therefore can be applied at all air
specds.,

Dryden (1936) (4) has shown thots an the bouadary laoyers on an
aerofoll, three stotes of flow can cxist, depending, lor any given fluid,
on the pressure gradient, the state of the surface, the Reynolds number
and the degrec of turbulence in the air stream. At low Reynolds numbers
the flow 1s laminar, as the Reynolds nuiber increascs howevers an cddy
flow apeears vhich fanally develops into turbulenc flow, The region of
eddy {low, usually refcrred to as che transibion zone, is of comnlex
structure aund varies erratacally with tinc,

A wore reeent article by Wmmoas (1) describes in more detail the
mechamsm of transition as revealed by recont cxperaments., The turbulence
according to Imons staris in spots whore the induced oscillations in
the laminor layer become ungtables thesce spots thon move separately
downstrcam growing and increasing 1n awiber at the same time until all
the boundary laycr is turbuleat.

In problems where bodh lawanar and turbulent {low are considered 1t
18 customary to negleet the lengeh of the transition zone and postulatce
on instantancous transition. Dryden (4) found that thc point of transition
was very sensitive to smell pressurce gradicents.

The equaivalent cxpression for Lhe stemperature rise for a turbulent
boundary laycr has been grven by Squire (5§ in the form

i = el E (ul?zgl-ai/f*ﬂ vereeenene(3)

2 Cp - (G:)

There iz every rcason to believe that this formula also holds at all
speeds provided no marked pressure gradicents arc presont.

FPormulac (2) and (3) can be applied to describe the flow over a
flat plate themomcter. If 1y rcfors to the flow pest the thermometer
and ug to the flow in the immeddate vicinity ol the thermometer surface
then the speed correction factor B, defined as 4T = Puy,® is obtained
from (2) by rcplacing u; by ug, and 18

! (uu)z N 2)
2Zep E = (o) 1 - O_/I):I veverennanes(l)

\
2 - e e - /] (s)
for a lainar boundary layer ‘

P

and from {3)

2 El - aﬂ-/ag] veienean(B)

)

1

mf
ol o
—

1
_——
£lg

L [ Eh - o

for a turbulent boundary layer.
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Mencher (2) nor (3) however arsc adequate to deseribe the conditions
anside a pirtos-hcad themioncter where the tenperature changes duc to heat
losscs are sipgnilicant,

The cffcet on § of voriations 2a oll the quanticics on the R.H.S. of
(5) and {7) wall now be considered, racluding the cffect of the cliange 1n
the exponcnt of ¢ with transition ir che boundary layer.

2. Voariations in ¢y,

Voraous theoretical and ompirical formlae for o, have beea given
from timc to %ime, all of which dilfer froa cach other. Tho {ollowing two
sclections quoted by Partington (6) show the prossure dependeace of p

cp = 0.25702 4  0.001550L (p = 1)  (Lussana)
cp = O0.24lh + 0,000236 p (ifolborn and Jakob)
where 1s measured an calorics pers grrur and p in adiospheres.

The changes in cp vith pressurc indicated by these [omulac are too
siell to affeet cur resulbs. Té will therefore be asswacd thal ey for air
does no% vary with pressure changes in the abthospherc,

Partington (6) also gives a scleetion of fomwmlae showing the
toaperature dependence of the molocular heat por mol at coanstant prossure
Tor various gascs, including oxygen and mtrogen. From thesc formulac an
expressios 1n termas of conocrature for bhe spocific heat of air at constant
pressure has becn calewlatod, assuidng av oxygen to mtrogen ratio by
welght of | ¢ 3, and ignoriag thc preseace of the rarcr atmospheric gases.

The formlac for C,s ithe iwcleculdar heot at constant pressure, for
oxyLen and mtrogen, are ven in bhe Collowing fom

Cny = a + DD+ c®

iy

Gp belng wcasured in colories pex sol, aad T an K.
The following sot of values for o, b and ¢, quoted by Partingfon, are

duc to Spencer and Justine (1934),

a b x 10° ¢ x 107
02 6-095}[. 502553 e 10-'7]
N2 6.141!-92 [04'25 - 0.807
and the Tollowing to Brynat and Taylor (193L4.)
a b x 108 cx 107
0, 6425 2,746 - 7.70
I, G.30 1.819 - 3.45

The coyresponding valucs of a, b and ¢ for the speeific heat of alr
at constent pressure in ealories per grom pev °C. have been worked out
froa these formulac and arc given below

far a b x 10° ccx 107

$ and J 04220357 0.06325 ~ 0.10108

B and T 0.21765 0.07018 ~ 0. 15257
aean 042190 0.0667 - 0.1268 .

The values of ¢ for air using the ncan values deduced above for a, b
and. ¢ have been ealctlated for four scporate tamperatures, three of whach
corrcspond 1n the T.C.,A.M. scale to the pressu ¢ levels 900, 500 and 300 mb.
and onc 1a the tentative N,AWC.he scele (7) o the isothermal stratosphore
up to 32 k. These values of ¢ are given 1a columa & of Pable I both in
CefZeSs wnts and 1n enlories. Thcy show that the variation in p alone ig
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too small too affcct B apprecaably and that in any case its varzation is
opposcd to that requircd to account for the obscrved a vuristion.

3« Variations in the Prandtl Number.

The Prandtl mumber 1s definod os
_ k&

For aar, o< |, and varinctions i1n ¢ could cause variations in the specd
correction factor. "e have just scen that small varintions vath temperature
occur in cns it remains to be scen therefore vhat happens to the ratio

/k at low tcmperntures. .

On the assuaption of equu-pertition of energy i1n molecular collisions,
1/k can be expresscd, to a sccond epproxumation, as a lincar function of

¥ s - the ratio of the two spocific herts - considered constant over
the temperaturc range in cguestion, In order to test the validity of the
asswiption of equi-partition of cnergy in molucular collisions for the
lowest temperaturcs reached, the ratio p/k has been caleculated from
indcoendently detcnyined cxperimental values of both p and k., The values
uscd for p arc those obtaincd by Johnstéon and HcCloske EI940) (8) in
America, and for k, those by Taylor and Johnston (l9h6§ 9), also in
America. Both scts of values arc claimed to be accurate tor £°/,. Only the
variations with tomperaturc arc congidered as the change with pressurc 1n
both p and k 1s many times too small to have any c¢ffcct.

The cxperimental values of p and ky interpolated from the tables from
the sources quoted, arc given in coluang 3 and 4 of Table I, and the
caleulated ratio p/k is gaven in colwan 5. The values of o, o®/? and ot/?
formed from these values of u/k together with the proviously calculated
values of c,, appear in colusns 7, 6 and 9. The values of ¢2/2 and ol/? at
the differcht altitudcs scarccly changes but the differcnces between ot/ 2
and ¢/® at any onc level are significant, This poant wall be dascusscd
later. ‘

ho Variations in (u,/uw,) and the significance of up/uy,

The ratio us/u, at any part of an aerofoirl docs not change with the
Reynolds number but does change vath the inclination of the acrofoil to
the airstream. A¢ the distance from the surface at vhich the thermometer
1s situated, however, only a small part off the total variation in ug iz felt.
For an under-wing or under-{usclage mounting, uy/u, decrecascs as the
anglc of incidence of the acrofoil incrcascs, which implies that any
variation in B from this causc would consist of an increase with altitude
and a decrcase wath speed, vhich 1s the opposite of thac reported.

I{ o variation from this causc were present, then mounting the
thermometer on an extension clecar of the aireraft ought to remove 1t.

This mny cxplain vhy the o measurcd for the under-nose mounting on
aireraft ST 796 (Table ITI of !L.R.P. 527, reproduced as Table II) remains
constant at diffcrent altitudes whilsts on ihe same aircraft, a’thermometer
on an cxtension platform under the nose gves a decreasc in o with altitude.
It 1s dafficult to sec, however, why the samc effect should not be present
also on the other Halifax ST 817 for a siumilar under-nosc mounting.

Since variations in ui/uo affecct the flat.plate thermometer, but not
the priot-hcad thermometer, it 1s worth noting that the pitot-head |
thermometer on Halifax ST 796, mounted under the nosc, indicates a
dcercase 1n a with altitude, whereas, as reported, the flat-placc
thermomcter; under the nosc, has no o variation.

The ratio ug/u, for aany given themmoncter should remain constant,
on the average, and will depend on the themmometer thickness and the shape
of the leading cdge. Although the ratio uy/uy 1s not, in 1tsell, a causc
of a variation in a, & high valuc of u,/u; accentuates changes duc to

tranzgition and augments any vaviation already present from this cause,
ag is shown in the inecvrense in the disparity between the entries against
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pressure for laminar and turbulent boundary layer conditions, of the
valuc of B for (uy/ui)? = 2 as against (uy/uy)® = |, (assuxing uy = o)
given in Table I.

5+ Changes in boundary layer [low.

We can regard the flat plate thermometer as o thin scetion acerofoll
with porallel sideg. If v, 1s the air speed at any point near the surfoce
of the thermemcter and uy the air specd past the thermometer then ug/u,
1o constant cxcept at the edges. fince u, 18 small ot the edges the rate
of exchange of heat there, with the air, 18 also smoll, which means that
the edgos will contribute only slightly to the mean temperature of the
thermomcter surface.

Since the Reymolds number decreases with height, transition {rom
laminay to turbulent flow, 1f presont, should occur during descent. Tt
could also occur at any level, vath an 1ncreasc of speed, provided the
eritical Reynolds number is passed. .

Transition tends to occcur behind rogions of mimimum pressure. On the
flat-plate thermou.ter such regions would occur behind the leading edge
and also behind any corrugation on the sides, since the sides could not
be cxpected to be completely flat and smooth., Transition thereforc will
not be a gradual process but can be cxpected to procced in stages as one
favourable regron after another becomes operative, until the whole surface
behind the lending edpe has o turbulent boundary layer.

Applying thesc theovres to the data from the Mosqurto flights
plotted in curve | of Pigure | {rcproduced from M.R.P. 527) we obtain the
follovwing results, ’

Value of o at 300 kts = 1.82

corresponding valuce of A at 300 mb., =  0.75
Value of o at 200 ks = |.55

corresponding valuc of N at 300 mb, = 0.6k

If we assunme thot at the lowest speeds the boundary layer is wholly
laminar, then, from cquotion 5, since

A= ECpﬁ
A= i-Eﬁf;z(l-O'i/g)

Puttangy A = 0,64, ¢y = 0.9772 x 1o CofleBe units, /2 = 08443 .
.(the wwo lattcr from Table I)
. (Eﬂ)g

(o) = 2.312 E: = |.521

If now the proportion of the total surface area at any time under a
lamnar boundary layer be 'a,' and under o turbulent boundary layer be
'a,! (o, + a, = |) then for the whole themmometer

|
?\. - nibf\i'l“ &2}.2 “evasceen .ll-oto-c.n-lcnn(a)

where hy and A, refer to larmnar and turbulent boundary layers respectively®,
Fron (5) and (7) runcuberang thot A =pBx2cp and that o, + ag = |

FEquation (8] 1s only struictly truc iT $he surfacc is o hoat insulator but
for the small temperaturc dififercnces betwoen surface and boundary layer
which do arise from therinl conduction along the surface; tne cffects of
the differcntial rates of hcat exchange, as between lamnar and turbulent
portions, moy be ncglected.
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“hence I o
[ = - (H?g (1 =~ o¢*/3) )
. (1 (9)
gy = 3 es s s e s s s s AR
éﬂﬂg (0“1/‘3 - (5‘1/“).
1

Pusting A = 075, aqd frow foblo T, /2 = 0.84,85 and /o = 0.8962
and using the value of (u,/u,)” Just found, we obtein ag = 0,09 '

In thrs casc)y thercfore, the reported variation in o waith slr spoed
could be cxplarned if abiost conplete transition to turbulence took place
betveen the leoost and groctest air speeds.. The corresponding Reynolds
nutbers ug b/l vhere b = 2 o, arc

0. ¢ 10%  and 1.4 & 109,

1t is interesving to note that the lowest crifical eynolds nusber
et whlch Dryden (L) found bryasition to gake plhee on a flnti plate was
9 x 10, Curve 2 of ¥ ig.l shove no variation with speeds although the
corsespolidlag, volues wn Table TI chow o varzation wvath altisude. Lot
us csounc thurclfore, that, for this particular therucncteor, the flov has
reaaiacd lawuncr throughout the speced raage at 500 mbe

The menn value of o taken fron curve 2 18 | 464y corresponding to
A= 0,68 2t 500 ub. At 900 11be from Table TI, @ = [478s 280 N = 0474,

Lsouaing lawnar Clow ab 500 by fro equation (5) we obtain

(ll'a 2 : u -
() - 2,064 u? = | ollidy.

-

hY
ond, fron equation (9)
f\.i = Oell-s ! .

whach noans thoet , at 900 wb. s transition would have o occur over a
116%le nere than helf the thepmaoncter surface to cxploan  the obscorved
chango 10 o wath height. The highest Reynolds number ugb/V at 500 iba,
correoponding to specdr 236 knots, 1s 105 x 102, and ¢he lowest Reynolds
nurber ai 900 rib. 28 1.0 x 107, The coaclusion is thereforc thot, cither
trongytion occurs loter on this thomoncoer than on the oune on the
flosquitos or clscy that o counter-nceing sendency is prescnis causcds
says by varictions in ui/uo, s has becen dascussed above.

A pundilor cecobment enn be applied to the other obscrvations in
‘Poble IT vhich shovw v rratlons with altatude of lhe neancd values with
respeet Lo alrspeed of o ot the duffercens pressurc levels,

Ia cach cese 1f we asswie o laainer boundary layor at the lowest
Roynolds nuibers and transition or partial transision o a turbulent
boundary laycr at the bighest Reynolds muibers, then all vhe obscrvations
in the tablen con be accounted for cxeept thosce Tor the under-nose
sounbing on Halifog 1o, 80U 817 (Tble 1), In this casc, procecding on
the sane lines os before, but this tline asswaing turbulene fLov at 900 mbi,
ve gob o= 2,05, t.ee A = 0,85, at 900 rb, ‘

o
(

shenee che corresponding value of ay, asswadng o purcly lamnar boundery
layer at 500 mby chould be 1.93, whereas, an fact, 24 28 1.70. In thais
casc therclfore none of the reagons 8o far discussced can accounis Tor all
¢ the wireabion, The possibailaty that instrmontal i1naccuracies may
affeet the ansver will now be discussoed.

+

agp |42

-
-
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6. Variations arisiaz within the themaomcter itsclf.
fpparent variations 1n che spoud corrcetion iactor could have the
Tollowing instruacntol oripginss-

(i)} Changes 1n the thermicncter tenperaturc-indicator reading with
chonges in anblent tamperature not allowed for an the
calibratyon,

(ii) Chanccs ol hent cxchange officicncy inside the thermoueter
vith changes in ‘eynoelds neber. Applicable only to the
prtot-hend thermwoncter, .

Consider the first possibality, nancly the cxistence of crrors
arising fron arbicnt tempernture offcebse In the type of windieator uscd
with the thermoiwcters on vhich the o variations were detected, the
specifieation nllcws a mexiwuas variation of f0.4°F, in reading lor an
anbrent teovperature range fron +120°F to 0°F, /Alihough 1t is unizkely
that the ambient tonperature varired by as nuch oo [20°7 during these
flichts, neverthcless, as n test case, we could ascuwac that at the lowest
tonperature vhiach the indientors cxpericnced, the rendings did suffer a
+ or = 0,4°F corrors, not allowed for in the calibration done at ground
tonperaturc. Ln examnation of the Leboratory test roporis of this type
of indicator showed thai,; wherens the najorty nequare i positive cyror
at the lowest ambient tawperature, there are some which show 2 negative
crrore o cxplrin o decreasc in « with height a nepative crror would be
“NCCCEEATY

In fact 1f

4T, 1s the true tonperature risc
Tof, s the indicated tomperature risc
then the corresponding speed corwvection factors ap and ap are given by

v )2
o, = oy (T55)

and Lr, = oy 57%5%2

Bug if P = AT, + Ouk

then o, —as = G Ei%gg?

Since o, 28 Lhe sanc at oll levels ay - ag represents the vamation
iuwe ITV = 200 Kby ag =~ ay = Ol

Although it 1s unlikecly that the penritied moximuwl crror 1s ever
prescnt, except -wrhaps in o fow casess 1t 18 seen that, ot speeds of
200 kts, 1ts prescnec as a negative crror would be sufficient to account
Tor a large part of any reported dccrease of « with altisudes but that,
with 1ncrcasing spceds, 1ts influcence would diminish.

The prescnce of an ambient tomperature error can also causc an
apparent variation of a with spced.

Let wys ALy and ag, 4Tn be tie values of o and AT at the two speeds
Vi and Vg respectively, and nssume again that the error 1s ncegoative, thon
ve have -

AT,

n
&
=
—~
g
=

or, = ag E~Y3)P g

Let accents denote truce values of 4T, and AT,

1

U 1 = - ( i)z
. [_\I.‘;- Ool{- = G'i (m)
2

M- 0 = oa E%g%



U’ET%_B%Q-O'I" = agg%ga %
A ag = ay; = O [}T%%gz' ETzégf] El%%%z El%%ga
- o [t 65

C.ge 1f V, = 200 kts, V, = 300 kts

= 0006

The swaller V| the greater the variation an a will be. However,
over the specd ranpge of the Halifax flights the cfifect would be very
snall, but o sigmficant varaation viewld arise over the specd range of
the Mosquito, The varintion can only occur when the ambient temperature
18 least and can have ony sign depending on the sign of the indicator
CIrols

The second possibility, nonely the variations in cfficiency of
thernal cxchange, only applics to the pitot-head thermoaomcter, because the
air flov past the Tlat plate 1s sulficiontly great to dournate the
temperncure indicated, vhoereas, in the interior of o pitot-head, the
arresbcd aar 1s surroundcd by potentinl ilhermal exchangers,‘and the
tenperoture vinich the scnsitive clement acquires depends on the balanco
ot themial exchange finally rcached.

7. The Pitot-head chemaoacter. .

The principle of the pltot-hcad thermoacter is to necasurc the
terperature of air which hrs boecen arrested in the anterior of a pitot-
tube or si1mmlar device. Decauace the arrcsted air is ot a higher
tawperature than 1ts surroundings, great precautions have to be taken to
prevent heat losses from the 1irbefore 1ts teaperature can be measured,
and at the same tine, an efficient thormal cxchange with the sensitive
tenperature clenent rust cxrst. Lack of attention to thesc detarls will
result 1n inoccurate measuraacnbs.

The prtot=-tubc thermoncter used in the test described in i RP. 527
was the resisbance bulb, umpact type 1T 3-1 as shown in IFig. 2. In the
prototype of this themoricter, the body of ithe tube was nnde of a thermally
insulating naterial, but,; 1n the production rmodels such as werc used, the
matertol was brass. The tempernture clement was vlabimum wire (SWC 47)
wound on a star-scciioncd former of synthetic resia Tabric, which was
supporied on a metal rod progecting from the base of the tube.

In a dusagn of this character the following avenues ol heat cxchange
w1ll have to bc considereds-

(1) Losscs Trom the arrested air to the metal walls of the tube

(11) Losses from the platinum wire by conduction through the synthotic

bonded-resin i'oxmer to the netal supporting rod.
Radiation losscs arc very snall nd have beon neglected.
The cguations of thermal balance arc thercfore

+

X X .
Gep(Ty = Ta) = j\ Ag(Ty - Te)dx + f Ag(Ta = Te)dx  eaveses(10)

o o

Ae(Ta = Te) ke(Ty = Ty) N A R )
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The boundary conditions arc T, = Tp at x = 0 and the solution to
cquations (10) and (1) 1s

(2p = T = ™ 7%)

H

TT-T[\

wvhere
kc,-A'C + kOA'W + A.Q.L'rlg

qu(kc + A )

IT Ty represents the rneon value of T, over the vhole length (1) of
the inside of the tube then

- [ - e 71
TT"T& = (TT-TW) [I "—-_—6-_1—_- :l oo-cc-cn--(|2)
whence
w Ag {1 = c” 71
TT - Te = (TT - T-w) [i - 1:C+AO ( l)] %] ..l(l})

where Té 15 the average tomperature of* the platimm wire.
Sow

TT - TO = (-Lé—g;)}"e) uﬂ and TT - Tw - (I_z-c"_;_?"_\’h’) u.'?-
| A - =0l
e | - he = ([ - ?\'U) [l - EOS-A-O fl 7;3_ %:l o--o-u(”‘l")

where A, refers to the thormomcter as a whole and
Ay rofers only to tho outside wall.

Te apply this Tormula to the thoermometer in question, valucs for Ay
Ly and kg were calculated
ks 18] .

Yo f1nd Ay we proceod as Tollows

" : Jo
Define "H - DCPU;”ﬂTm - Ty)
vhence A, = kaopuﬂr\D -.

kiy 18 the hent tronsfor coefficient for flow in a chamnel. T is the mea
temperature in the chaancl which in this casc is T,.

In order to express ky in tems of known qunn%itles, Rérmin's
generalasation of the formuloc baszed on Reynolds! analopy for heat
transfer and slan friction was uscd, as given by Coldstein (10} p. 657,
namely -

[ 2 /‘2 TS [ ‘ ]
— = - + 5 - ag - | + logs{l + 0.83(c=I sesl |l
K, % o S0 3(o-1) (

Putting /2/cf = 5,1 RI/S s Wwhere R = 2aum/y s whach is the value
which Prandtl found for flow in chammels, ((5) becomes

%ﬁ = 5.0 rY8 5.1 88 45 Etﬁ'+ log,(l + 0483 EZTH .
How D = 142 and 'a' = O,
l
<« at 900 b, r!/8 - 2,663, ky = 183.25

Ay = L5k x 107




f

! _
foapsoorb.  RVE -o20536,  po= 1d6
X ‘ i

Ay = 3409 x 107 : ‘

To evaluate Agowe use the relationship

f.(3 = Hukxnr

where n 1s the nuwiboer of turns of wire per ccentancetre lengbth of tube
and r .8 tho lenpth of one turn in on. Given the fundazeneal interval of
the resistance clenent ig 40 olm and the 8.70.G = 47

I.I n = ]9.2
Y
1180 r = 2/8

Using Hilpert's volucs of husselt nunber against Reynolds mmber for a
circular cylinder in lrensverse flow given on pl.637 of ref. 10 we obtain,

al 900 b, R = 043, Mu =  C.50
Seon, = 2,066 x (07

at 500 rib, R = 43.5, Nu = 0418
S Lo = 0.682 x 107

For k, only teabative valucs can be found bascd on plrusible
~gswmpolonsy for cxample nnddng the follonng assumptions,

“he vire is in contoct wath the support for 0.3 cnof its length ot
cach of the four pornts and thoet 2t 1s in contact fox half its
circurccrence, Tho synthoctic resin former was assumed to conduct like a
recoansular parallclopiped whose bnse is the progection of che arca of
contnet » 1th the wire and whose depth to the netal ro@ 1s 0.3 aa. The
cocfMerent of conductivicy of the naterial ol the former was assumed to
be 107% eal. per °C. across a ai®e On the basis of these assumptions, and,
rencabering thhé there are four poinis of contoet and 19.2 turns per .

ke = .06 x 10%

Substaituting these valucs £or fugs bg ond kg and 1 = 3.7 an (1h)-we get

Lt 900 ib. I = Ag = 04131501 = Ay)

i.c. Mo = 048635 + 041315 Ny eeeenrsecnessa(17)
end ot 500 b, = 2e = 0.2501{1 = N\;)

i.c. Ao = OJ7HI9 + 0u2P01 A, ereseecreonaas(18)

Unfortunatcly the values of o found for the pitot-heod thormometer
ng given in MJR.P, 527 are suspect bocouse he greotest voalug, thoat of
2,52 for circrnfi 81U 756 at 9CO mb,, is greater than thoe moxiiawa
theorcticnl value, coswuong no heat lossos, which ot 900 mb.has the
volue 2.407, correspondang uith A = |, The some ig olso true of the
value fomed rfrom the entries of app = ap, 2ad of ap, for the same
aireraft, S¢ 796. - * ’

Cofla b 900 b, Gen T 9p = Qe
Loy = [78
= 245

e %h

Mo velucs at all arc gaiven for ST 6§17 at 900 nb.
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IL 1% us csswied thet no change takes place in A, thea fron (17
and (13)

L]

(M) L {ho) = 0.0571 1077 = 0,0703 1077 A,
(2(“1) 900 2°_p) 500, .

publing N, = ot/ = 0.85

Y -
. 52“9 - Eﬁhcf = 0,005k 10~7
Cp/ 900 Cp/ 500
- — 4
Lal.a choo CLOSQO = 0.0_)

1f on the other hand A, also sulflers o decrease vish altitude sindlar o
the flat plate the varantion of o would be corrcopondingly inerenscd.

In Tact 11 we agsuie thnt the ninociowa change correspending to
conplete transition takes place, tacn, if hw9 and KWSOO represcent the
voelues of My at 200 and 500 nb. wespectivelys

oo =1 )0
.. Euig (0.,1038)
Mo =17 (1 )
= | - Eﬁzgs(o.lg35)
B g, T 0nZB 4 06762 Mg,

vheneo from (17) amd (18) ~fter converting bthe Ae to us

& - = lv55]"'066 1
€900 €500 +Ol %500

I wo pub ag, = 2422 (the sverase valne Srom Table 1)

£ - O, e O.t2
0(_’9 (__500 .

vhich would reke “69 = 2434,

The only value given for ag i3 2.52 whach, as already stated, nust
be suspect, o0
"o test the offect of oshor valucs of the conductivity loss k., »

o hag beon ealouloted also for kC = 103, 5 x 0%, 102 for

- q
€900 B500

Uohne = 2422 and. the recults gaven below,
vhen . = 103, Ggop T Hheg = 008
"ok = 5x o Cagoo = Tos0n = Oell
ttole, = 109 cb900 Sogog T 0.2

Pram these enleuleted values it is geon thas only o emnll changu in
the variation 1s achievedl by reducing th 1@&L cocfTicrLong kb from 100 %o
109, Other points to acte rre thet the 10 s to the Trmoe, of heat, fron
the oiry although conbributing bo the tempercture deficicncy of the
thermomcter, dovs not introduce any variation over and above thot duc to
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transition on the cutside of the {lube. The twe factors aff'ccting the o
vaxrabion ore the bolance betwden the rote of godn of heet by the platinum
wire clenent and the rate ol less fron the platinua wire to the frone, and
the variations in fraue teoperature duc to transrtion in flow pattern on
the outside. I the insuletion of the ¢laient to frane wore inproved o

1f shoe tube were nnde of o non~therminl conductor, os in the prototype,

ther it ought to be possible to roduece the o veriation for this type of
thermoncter to noglagible quantaitios.

\
8. Conclusions and receouriendations,

i pltet=heod chermometer in vhich carce has been tnkoen to climinate
heat losscs frort the sensitive cloaent to the frame ought not to suffer
variations an o cven 1f it does not record the full stagnation
tonperature rice ovang to heet logsses fron the arrcsted oir.

L flat=plato type of thermoneter ought to be nounted on a platform
clecar of the aireroft to ensure an civstrean vhosc speod relative to the
thenwowoter 18 unnffected by the proxanity of the ~arroreft.

Care should be taken an the dcsign to naintain a lamianr boundary
loyer over the sensitive surface nrea throughout the ranpe of Reynolds
nwbers likely to be cncountercd. i corpletely laminar boundary layer is
prefernble to o completely turbulent one because, aport from questions of
drags 1t a5 not alwrys possible to cnsurce conplete turbulence right fron
the leading cdge and, morcover, it is believed that therce nay be degrees
of turbulcnec. '

Viith these points 1n vaew 1t 1s considercd that o conical or wodge
shaped themmoncter bulb should give good resultis.
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itean values of Gpo, Oghs Gpp=opp Fron Halifax russ.
iy

(from Tablc I1I of ii.R.P. 527.)

I Feon values afafp

aounting and Adrcraflt. Low Lovel tediwt Level Hipgh Level
900 nib. approx., 700 nb. approx. 500 mb. approx.
Under nose ST 617 2,05 (1) - P70 (]
o Y ST 796 I.?? I - l¢77 I
On extensicn undcr nosc ST 796 1692 (| - Le79 (3
Under wing ST 796 1,73 {2 - 64 (7
e e 0BT - fa74 (1) .61 (|
211 Lountings | o836 ng le71 glg 1,69 E|3)
411 under wang nountings 1e76 (2 FYARA 1464 (B)
2. 1nenn values of Oph
Undor nosc ST 796 2.52 {1) - 2.27 §2;
«v  se 8T 817 - 2.32 (1) 2 (1
411 mountings 2.52 (1) 2432 (1) 2,22 (3)
3. Mean values of Uph = Ofp
ST 796 §fp under wing 0.71 (3) 0464 (1) 0.59 (2)
ph under nosc
ST 817 (o0 W o) 0.66 (2) 0.63 (6) 0.59 (6)
£21 mountings 0.69 {5) 0.63 (7) 0.59 (8)

M,B« Iracicted fipures indicate nuniber of measurcments,






12

Indicated
Temperature
(adusted zero)

°F o
8

b

-4

2

0

- Curve ()

Z
4
'
Vd
r'd
i

Curve (2)

/

Curve (I). Mosquito. Mean of 3 runs at 300 mb.
Curve (2). Halifax. Mean of 7 runs at 500 mb.

1 | | I i

] 25 7 8 9
(T%)'Lo) (v 1N Knots)

Fig |




MRP 677
FIG. 2

RESISTANCE BULB FOR AIR THERMOMETER — EXPERIMENTAL
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