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7.3 YARIATIQN OF DRAG WITH SPIN PARAMETER

NRAG VS VELOCITY RATIO
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7.4 LIFT AND DRAG YARIATION WITIL YAY ANGLE
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7.6 PREIMCTLED YARIATION OF LIFT ¥5 YAW ANGLE
e preciction of Lift variation with Yuw angle invelved determining the
effective velocily ratio for a given Yaw angle. The corresponding Cueffi-

cient of Lift was then taken frum ihe relevan experimental 1esf and used o

the Lift for Lhose given conditions. To simplily this, a third srder polynomial
was lied 1o the experimental data for the given Reynolds number, The fol-

lowing sectinn has a comparison of the experimental dota und fitted data

with its correspending equation, The sectivn following that shows the

predicled curves.

There will only be three cuses predicted und they are:

B¢ = 0000 A =4
Rc = 105 00 A =095
Re = 230000 A = (L
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& DISCUSSION
The experimental equipment uscd for these tests was as yet urmnised. Some of
this eruipment had heen built in house and that which hadn't, had been

rielishility of the equipment had 1o be ascertuined. o do this it was degided to

The sting was mounted on three different types of support system. The reison
far the three ingdependent suppurts was that this would indicate if the suurce of
readings Lhat did not eonforo (¢ the published data was due te the suppart ar to
actual aerndvoamic effects, The first support used was a parallelogram sapport.
11 had its long uprights made vut of slender stainless steel tubing, pin jeinted to

Eacilitate piviting, This however appeared to be unstahle. The second system
had shurier aprights welded to a base plate. This system was much more figid.

welded tu a base plate, bheld in place by two angled struls, "This support was

pxcd for the third se

fime the wen-table was in sse for other experimentation, and therefore a sup-

piort wis reéquired that cauld facilitate changing ¥uww angles while the base was
stationacy.

IF the calibration is refecenced it can he seen that a phat is given of applied and

EI

cnsured load for each loading case. The softwarc carmying out the muluple

ALl i L b

linear regression was limited to o total af 350 sets of readings when camparing
six independent variables to a dependant vne. Towas feit, singe under most Lest

[
-

condit ;
should be carried out with the luading as comprehensive as possible, even if this
meant ihai fewer sats of readings could be taken per leading condition. Fer this

reason the ealibration was Bmited to faur realings per Juuling case. The cali-
hration mafeix takes intu account eross linking to the first order us this i the

accepted practice uniess very small tolerances ure requiced.
When ane ennsiders 1he case of a two dimensional cumilcvur the foroe pcrpcn-

e

Jnacd. The mament reswlting from this load can be -:h.mgcd by changing the loud

o7 Lhe point of application, Itis for this reason that when calibrating the ﬂmg

the chmp
sluruld Tave rendered such loading nonecessary but it was Telt that the eross

isplacements amd misaligrmenss warcanted it.
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The calibration murix should have heen a 66 mairix with zaros in all positnans
ot on the main diagonal, When the balance was calibraled the first time 1t was
Func that columns two and three reguired swapping as did columns Eve wnd
six. Aparl from this there was a slight misalignment about the axis of the sting.
After accounting for these errors the cross linking was of the order of 598,

‘The tare {1neasuring the Juad on the sting whitz the tunnel is TUnILtE
without a mndel mounled) afier this calibraginn. Z HIENE
covresponding to Lift had an unaceeptably high value, The tare was found e be

L :..._.. [
]

jnelependent ol wind velocity as increases occurred at an achitrary angle of Yaw,
and when the same test was carried out for dilferent angles of attack the are
value was always pusitive. This implied that the zeto value was changing when
the balance was being moved. Although (he change was no1 happening svery
tigme it is reasonuble o conclude that the zero was drifting. A lunse connection

ar fault in the glueing of the strain guuges would only result in a drift of zero if

the muvement was sufficiently rapid to jar the sting, For this reasen it was
deemed necessary to repeat e tests already carried out pnee, with the sting
; i itueli i is W resilt in the compo- '

neni whose JCLLJ[’HC_‘,' Wwias quc&lionnh]ﬂ mensuring side force and oot 1. the

The calibratinn matrix generated after the sting was rolaled had the largest
coefficients alon the main diagonal. The erder of magnitade of cross linking

wos ance again M.

Tare tests were carried out with the mation of the sting being as simooth as poss-

L3

the thenty that the balunce had a fault in the component originaily used for Lifl,

The graph of applicd load vorus measured Ipad after rotaticn {posiiion 2}
shows that the Y component {previously the £ eampone ot} was shill the cause of

LOTLTE,

"The stiny wis set in far repairs and a noticeable improve ment wis evident.

Further testing was carried out. This third series of tess was Bmited to these

changing Yaw angle.

The UPM 6t dovs have an oceasional drift, This can be seen when vne reading

for o particular lpading condition 1% nor ennsistend widh the other three. It was



1M

for 1lis reasen tiat o minimum of eight readings were tuken for each Tuasding
cose duting testing. These rasults were then averaged to give onc set ol resulis

P Lesl.
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8.1 DRAG VS REYNOEDS NUMBER

The Drug tests were carried cut to ascertain the reliability of the sting and
suppart under test conditinns, This test was chosen as therc is a lut of pab-
lished data of Drag versus Reynoids nomber, If nne puts the TESﬂlT.ﬁ mub-

lished in the Lext books on the same set of axes the scatter of Cpy will range
from 0.35 to 0.55 (Schlichting, Me Cormick and Massey) (Fig. 3.1).

g experimenta
for a few stray poinis. The other nunccahlc itemn is that the scatter is preater

for the sting perpendicular io the flow than tor the s
‘e reasons for this can be suggested. The ﬁrst is that the suppart is not 4%
<tiff in the dircclion of the fow as when rotated 1o an angle of Yaw of 90
‘The second is that the sting trips the fluow over the sphere ¢ausing vattices to
be shed unevenly resulting in an uneven Drag trace. It was not determined

which of these ¢fiects was the greater cause of scatier,

The suppore was tied dewa to deteroine whether the cause of the scatter was

\exibifity of the support {Fig. 7.3}, The results of this test were far better

than those done previowsly. The scaticr was only between Cpy = 045 and
Cpy = 0.35. The test also showed o critical Reynolds number of abouat

225 0t The critical Reynolds number is defined in Rue and Pope (1984) as
heing when the value of Oy drops past the (.3 level. The critical Reynalds
gumber [ar a spliera in low wrbulence wind is Re = 385 000, This display of

transition is disturhing,

he suppart was then replaced with & solid steed suppart bolted to the floor.

At Lhe same ume Lhe A b

noticed and o cemplete set of tests hud been compicted. Adfter rotating the
sting it must be realised that the results of 3 Drag test at 900 would be ques-

tivnalile. This meant that tests were enly performed with the sting parallel 10
the low. The results of this test showed a scaner of Cp hetween 0.4 and 0.55

{Fig. 7.4). The results da shaw a drop i Cpat Re = 225 (K0 bui this was
nat sufficicnt to call critical.
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§.2 TUNNEL TURBULENCE,

! o

hMassey (1979] gives a plot displaying the deviation of critical Reynolds
number dug ta turhulenee and distertion (Fig. 3.2). The tolerances on the
dimensions were within 156 which wuald rosultin minimal deviation io
cal Reynolds owmber, The surface rouphness was not signilicant implying
that the drop in ¢ritical Reynolds number was due to turbulence. The critical

oy ' flight is 385 GO,

b
LLlILL™

o,
1

Rae and Pope [1984) and Schlichting {1973} both quote the method dev

oped by Dryden of scaling (he Reynolds ouf miper aod
lance by means of the cxperimentally obtained eritical Reynolds number,

When using the methnd deseribed in Rue and Pope, one first [inds a turbu-

lence fuctor and then using a graph ane can obiain the turbulence level.
Schlichting's method v the other hand uses the eritical Reynolds number w

determin etevel

The critical Reynclds umber was only reached 1o ong test. 'Lhe maxinim
Reynolds number ohained wias 254 4. This was limited hy the maximum

velocity of the tunnel and the size of the sphere, The other 1ests carried oot
had nat reached the criticad stage by Re = 250000, This implies thut a very
cunservative estimate of the turbulence is that based an a critical Keynulds
pumber of 225 DO,

Using both methods as a check the tur rhulence level was determined 10 he
(.85 resulting in a turhulence factor of L. 71. The turbulence facior 15 sim-
ply the ratiu of ¢ritical Reynolds ou imber for the sphere in free fighe to the

criticu] Revnolds oumber uf the sphere in the wonel.

For 4 more realistic turbulence vastue vae can assume that excepl for the tost
cartied out willl the parallelogram suppart tied down, the lwwest that the
critical Reynolds number couald he is 230 000 which would result in a wrbu-

lenee level of 065 see factor of 1.54,

Al e
v L

!
£oand ool

e
v

Rae and Pope in their hook on Low Speed Wind Tunncl Testing {1984) stare

that developmental tunnels have turbuledce levels as high as 0.3%% in the

axial direction, Only lacge povernment tunnels atlempt (o have torbulence

levels as low as 0,195,

Tf w smnaller sphere is used en the trae critical Reynoldsmumber-ganbe————————
Fauncl, and it weulid be possible o determine if the Tevel of turbulence 15

acceptable,



