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SUMARY
The static pressure error of a standard Mark 9A pitot stavic head
al transonic speeds has been measured in the R.AE. (Bedford) 3 £t tunnel.
The atalic error mny be reduced slaghtly by sealing the drain hole,
The effects of both flow through the drain holc and rate of altitude
change were simulated and for a typical aircraft system the static error
corresponding with a high rate of descent was Tound to be small,

Some tunnel interference effects have becn observed.
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1 Introduction

The Mark 9A Pitot Static Head, as 1llustrated in Pigs.1(a) and 2,
1s a standard fitting on Bratish high speed aircraft. It has a drain hole
between the pitoi and static chambers: the airflow through this hole is
intended 1o blow any moisture in the pitot lead through the static slots
and thus prevent ice formation in the pitot lead. In flight there is thus
a continucus flow of air through the static slots.

This report describes tests mede in the R, A B. (Bedford) 3 £t tumnel
to deternine the static error of a standard Mk.9A head at transonic speeds
and the varintion of this error with simulated rate of c¢limb or descent.

Twe heads were tested to obtain these results, The first was a
gtandord head with whach both static and pitot pressures were messured
(¥13.1(a)). The sccond was a standard head witn the pitot entry blocked
and the drain hole enlarged (Fig.1(b)). This is rcferred *o subsequently
as the modified head, The static error of the modifred head was measured
with varicus flow rates through the static slots corresponding to climbing
or descending flight.

The results ol these tests have been compared with some measuremenis
made 1n free flaght uzing ground launched rocket models.
£ g g

The ratio of the arva of the static tube to the area of the working
scetion was only h.7 X 10‘“; but seme tinnel interference effects were
observed.

2 Description of the Hends

The heads tested are shown in Fig.1. The modified head had the some
external shape as the svandard head, but the pitot vntry was blocked 1 inch
from the nose. It hos been shown' ihat the internal flow within a piiot
tube does not measurably persist beyond one diameter from the nose. Wath
the pitot entry blocked five diometers from the nose it was reasonable to
assune that the flow round the nose of the modified head would be the same
28 that round the nose of the standard head with the droin hole sgealed.

The drain hote of the modified head was enlarged fron 0,031 inches
to 0,062 anches dismetcr so that it was possible to pass up te four times
the choking mnass flow of the standard drain hole.

The mowmniing of the head is shown in F1g.2. The Mk.9 head wng
unaltered as far as the cnd of the tapered poriilon, where it usually enters
the wing leading edge.

3 Equipment and Technigue

A description of the 3 ft tumnel and 1ts calibration at transomic
speeds has already been given by Morris? snd Sutton’, The worxking section
was partially recalibrated with the 3° cone used in the earlier calibration
o climinate any changes with time and to cover additional stagnaticn
pressure valucs,

In ¥ig.3 a static head is shown mounted an the transonic working
section, The mad point of:the siatic slots coincided with the position of
the static holes on the cnlibration probe and the head was aligned
accurately with the tunnel centre line, At about 10 inches from the static
slots the flow was inclined at an angle of 0.1° to the tunnel centre linet.
The uniformity of the iMach number in this region 1s such that it 1s resson-
able to assume ithe same deviation in the flow direction at the static slots.



A previous low gpeed tunnel calibration of a Mk, 94 head5 indicated that this
deviation would not produce a significant error in either the pitot or static
pressures.

The pitot lead of the modified head could be connected via a needle
valve to the atmosphere or to a suction pump. The pressure in the working
section of the tunncl, and hence in the static chamber, was always below
atmospheric and air from the atmosphere could theretf'ore pass through the
needle valve into the static chamber and outl through the static slots into
the mainstream., Aliernstaively the suction punp could draw air from the
mainstream through the static slots into the static chember. The static
lead transmitted the static chamber pressure,

The mass flows required for this experiment were small (up to 2.10"'5
slugs/sec) and an orifice of 0,082 inches diameter was used to measure the
flow. The maximum Reynolds number Rp (based on the orifice pipe diameter)
was only 2500 so tihat the orifice was made to the design recommended by the
German Standard for low Reynolds numbers®, The standard does not guote
discharge coefficients below Ry = 4000 and recommends that every installa-
tion should be calibrated. Accordingly the orifice was calibrated with water
over the required Reynolds number range. This calibration was checked by
the direct displacement of air from a measuring vessel over the same Reynolds
nunber range., The discherge coefficients obtained from these calibrations
agreed within 5% bui as the water calibration was considered the more
reizable this was used,

The drain hole of the standard head was calibrated by sealing the
pitot nose and the slatic slois and blowing from the pitot lead to the static
lead: the moss flow was measured with the orifice. This calibration
provided a check on the size of the drain hole and gave the following
relation for the choking mess flow

m, = 2.05 X 1077 slugs/sec (1)
where H = the mainstream stagnation pressure in inches of mercury.
& The Calibration of the Working Section

In the rccalibraticn of the workinpg section the true iMach number wos
obtained from that given by the calibration probe by the addition of =
correction obtained from the results of reference 3 {Appendix 1 and Fig.2h{b)).
The values of this correction are given in the following table

Indicated Mach Number| Correction to be added
M aM
0,70 - 0.98 G
0.88 - 1,02 Linear variation
from O to O.004
1.02 - 1.20 0. 004

The reference static hole wos in the plenum chamber 67 inches down-
stream of the throat: 1t had been usel in the earlier calibration and was
also used in these subsequent tests.

5 The Accuracy of the CP Measurements

Every pressure coefficient Cp 1s based on two pressure dafferences
{conical probe pressure - reference pressure; head pressure - reference
pressure) each of which may be an error by .03 inches of mercury, the
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maximum error of tho manometric balances., iHence when Mg = 1.0 we have:

Stagnation Pressuwre j Possible Error in
inches of mcrcury GP
20 +0, 008
LO +0, COL

These limits indicate the errors which may occur in Cp and they have
been indicated in the figures giving the results. Although mn all cases
the scatter was well within these limits consistent errors of the above
magnitude are act excluded,

6 Teate

All tests were made ol stognation pressures of 40 and 20 inches of
mercury and a stagnetion temperature of 30°C over a Mach number range
from 0.85 to 1.18. these stagnation pressures correspond with flight at
Mg = 1.0 and 3,000 and 26,000 feet. 3Between M, = 0.85 and 1.18 the
Feynolds number varied from 4.8 x 10° +o 5.2 x 109 and from 2.4 % 10° to
2,6 x 100 ¢ these respective stegnation pressures.

The static pressure of ihc standard head was measwured as a difference
from the tumel reference pressure and the pitot pressure was measured
ag a difference from the tunnel stagnation pressure.

The variation of the i1ndieated static pressurc with Mach number was
measured firsi for the mass flow rotios B/m, = =1, 0 and +1, These

rendings showed the variation of indicatcd static pressiure both with mass
flow and Mach number.

The static pressurc error at varying rates of discharge or inflow
through the static slots was measured 1n detnil for Mach numbers of
0,915 and 1.125. These Mach numbers were cheosen so that in the expression;

oC

30
50, = P s/my + B sx
P am/mc \ mc aM . s

eC

?ﬁf was so small that with the likely errors in tunnel Mach number § M,

the second term was negligible, Hence the law relating the static error
with the mass flow could be determined accurately.

The pitot entry of the modified head was then filled and rounded,
as showmn in Pig.1(b), to determine the effect of this change of nose shape
on the static error,

7  Results

7.1 The Pitot Pressure Brror of the Standsrd Head

Pl
!

The dimensionless pitot pressure error | Hg~H) /H 1s plotted as a

function of Mach'number in Figilhk, where H 1s thé ‘tunnel stagnation
presswee and g the pitot pressure of the standard head.

In thig figure the corresponding theoretical cuwrve 1s also given for
the normal pitot relation in supersonic flow,



Agreement between theory and experiment, witmin the indicated accuracy
of measurement, 1s apparent over the whole Mach number range. Hence there
appears to be no significant error in the pitot pressure due to the presence
of the drain hole.

7.2 The Static Brror of the Standard Head

Fig.5 shows the static error of the standard head in coefficient form,
as CP, against the true Mach number. As ¥, 1increases above 0.95 the
static error increases. This increase in error may be caused by the approach
of the shock wave terminating the supersonic region on the nose of the head,
or by the growth of the positive pressure region before the support, or by
a combination of these effects. CP attains 2 maximum at M, = 1.0,

There 1s a sharp fall in Gp at both stagnation presswures, of about
0.09 between M, = 1.01 and 1.025. The steepness of the curve indicates
that this does not represent the passage of a wave reflected fram the side
walls., In the free flight tests described by Ham:lton! the corresponding
fall in Cp 1s only 0.016 and cccurs at Mg = 1.005. The fall in Cp

caused by a normal shock at Mg = 1.005 18 0,016 so that 1n the free flight
test the fall in C,. may be attributed to the passage of the rocket bow
wave and 1s not 1nfRuenced by the flow round the nose of the head.

In tunnel tests, wall interference 1s believed to influence both the
magnitude of this fall in €, and the Mach number at which 1t occurs. In
tests on static tubes in the slotted wall tunnel of the English Electric
Company8 1t was found that as the blockage increased, the fall in Cp, and
the Mach number st which 1t cccurred increased,

It 13 interesting to compare the sharp fall of €, 1n Fig,5 wath
the corresponding fall in Cp obtained from the Engllsg Electric results.

Test R.AE, English Electric | Free Flight
Blockage 0. 04 T% 0, 04 7% -
Fall in CP 0. 090 0. 095 0.016
Mach number 1.01 < 1.02 1

ot fall O Mg < 1.025 1,02 . 005
Fall an G, due 0. 060
P * 0. 06 0.016
to normal shock (Mg = 1.018) !

It will be seen that the R.A.E. and BEnglish Electric results are in
good agreement but that the experimental fall in Cp 1s greater than that
for the corresponding normal shock. This 1llustrates a possible effect of
wall interference.

In the R,A.E. tests, as the Mach number increases from 1,020 to 1.065
Cp 1ncreases from -0,02 to 0.05 at the higher stagnation pressure. The
overshoot does not appear in the free flapht tests and hence is attrabuted
to tunnel anterference. In the English Electric tests on an 0,25 inch
diameter probe (blockege 0.034%) the corresponding rise in C, was 0.06 and
Schlieren photogrsphs showed that the reflected wave passed the static
slots at M, = 1.05. This reflected compression wave increased CP to a

maximum at My = 1.06 and was followed by an expansion wave which reduced
Cp by 0.025 between My = 1.06 and 1.10. A similar explanation can be

applied to the results shown in Fig.5, where Cp falls from 0.052 at
Mo = 1.065 to 0.026 at M, = 1,105,
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Thus when M, was greater than 1.10 the reflected bow wave would be
downstream of the static slots and the head then free from tunnel inter-
ference. The curve of Pig.5 for the higher stagnation pressure is seen to
agree well with the free flight results from Mg = 0.85 to 0.95 and from
Mo = 1.10 to 1,18,

It should be noted that Fig.5 indicates that there may be a small
Reynolds number effect on the Standard head. In Appendix I it is suggested
that this may be caused by a Reynolds number effect on the flow through
the drain hole,

7.3 The Static Frror of the Modifred Hemd

F1g. 6 shows the pressure coefficient C,, for the modified head with
zero mass flow through the static slots. The curves of Fig.6 closely
resemble those of Fig.5, so that the main features of the flow are
unchanged, but they are displaced downwards by about C.01 at subsocnic to
0.02 at superscnic speeds. A similar displacement was obsecrved in the
free flight test of a head with the pitot entry blocked/, This displace=
ment is of the same order as that obtained by sealing the drein hole of a
Mark 8 head” in the range from Mg = 0.2 to M = 0.9,

1t w1ll be secn by comparing Fag.5 with Pig.6 that sny Reynolds
number effect that may exist on the standard head 1s eliminated at subsonle
speeds and considerably reduced at supersonic apeeds.

Fig.? shows the C. of the modified head with the rounded nose for
zero mass flow through tﬁe static slois. Compared with Fig.6 the static
pressure 1s little changed. Hence the static error 1s insensitive to this
change of nose shape. Thas provides further support for the assumption of
Section 2 that the external flow 1s the same with the pitot entry blocked
five diameters from the nose, as 2t 13 waith the drain hole sealed.

7.4 The Effect of Flow through the Static Slots

The static pressure was measured for approximately constant discharge
or anflow over the complete Mach number range (Fig,8). When alr was blown
from the pitot chamber to the tunnel the static presswure increased and
when air was drawn from the tunnel to the pitot chamber the static pressure
decreased. The position and magnitude of the rapid variations in C
are unchanged so that these mass flows have not altered the main features
of the flow,

n The detailed variation of Cp with the dimensionless mass flow
/me® at My = 0.915 and 1,125, 13 shown in Fig.9: some points at

Mg = 1.130 and 1.153 have also been included. The shape of the graphs
near the origin could not be determined because the measured values were
withain the experimental errors.

This non-dimensional representation andicates that within the
experimental accuracy the variation of the static error with mass flow
through the enlarged drain hole is independent of Reynolds number,

Pig.9 shows that the points given lie on straight lines which, a1t
may be noted, cut the ™/m, sxis at approximately 0.15 and -0.15. The

slopes of these lines are 0,008 and 0,015 at Mg = 0.915 and 1.125

C
respectively, So that the order of magnitude of a_2 35 107° .
d B/ me

* If the small loss caused by the bow wave is neglected, "/m, will be

t in level flight for the standard head when M, lies between 1.00 and 1.18.
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Two possible causes of this error are:

(1)  the pressure drop across the slots due to the mass flow, or

(2) the pressure change in the external flow near the sloils due to
the mass flow, These possibilities are new consadered.

The pressure, dp, required to drive the choking mass flow through
the static slots cof the modified head into air at rest was measured, It
was found that:

dp = 6.23 x 10”5 x H x inches of mercury.
The corresponding error in Cp when Mb = 1.0 would be

dp
— = 1.7 407"

C
and s Bo_q.0, &2 _8R_ 4 7, 107",
m d m q e
c /m.c

. : a % -2
Thzs is much smaller than the experimental order of magnatude of 3 m/ = 1,107,

m

c

Hence the measured static error with the free stream in motion cannot be
attributed to the pressure drop across the slots,

Assuming that the princaipal effect of the mass flow {rom the static slots
is to deflect the external flow, the order of magnitude of chis deflection
G

may be used to calculate the correspcnding value of ¢ _2_ .

d m
/m,

If the mainsiream 18 supersonic B . 4.0. If the mass flow 1s divided
c .
evenly between the front and rear slots (both of which extend half way round
the tube) the velocity normal to the slots is:

m
c
=
poﬂdt
where d = the head diameter = 0,75 inches
and t = the slot width = 0.030 inches.

The order of magnitude of the deflection €, on the outside of the

boundary layer is then:
u ) (%c 1
—_ Y ———] —
=0 v/~ o mdt * M a p )
2 0'0

where a = the free stream velocity of sound.
He 8 O(fb 4 1 Ps asj
nce = QR e e —— ——
rdt Coap LI Po 2/

where &, and Ps are the stagnation velocity of sound and the density, If
the appropriate values are substituted in thas equation 1t is found that:

@ = 0(0.5%),



At M = 1.10 it is found from tables that the shock wave giviag a deflection
of 0,50 gives an increase in Cp of 0.0k, Hence we have

c, = 0(0.04)

m
or since -—-— = 1,0
mc

C

d

E El—‘P-— = 0(000}4')
/m,

The assumption of a simple flow deflection thus predicts the order of
magnitude of the measured pressure errcr. The real flow will, of course,
be more complex. The shock wave will be fellowed by an expansicn wave which
will influence the stalic pressure at the rear slels, apart from any
pressures transmitted through the boundary layer.

The correlation ain Fig.9 between the peoints at different stagnation
pressures indicates that there is no Reynolds number effect on the enlarged
drain hole.

c
In Pigs. 10, 11, 12 and 13 the slopes ngrE— for dascharge and inflow
o

c
at the two stagnation pressures, are plotted against the true aach number,
(Gp origins are assumed at “th = 0a15 and ~0u15 8c that the slopes are

consistent with those of Fig.9). At mest Mach nunbers only ihree mass flows
were measured, hence the considerable scatter of the points, GP varied

widely from Mo = 0,97 to 1.05 80 that the scatter increased in this range.

However, ithe other points show that the drain hole error increases with

Mach number, Ifo sagnificant Reynolds number effect can be affirmed from
P1g8.,10-13 because the Reynolds number effect 18 small ccompared with the
scatter,

The present results can be used tc determine the effect of davang or
climbing upon the static error if the mass flow inte the aircraft static
system is known. An example and further discussion is given in Appendix IT.
In this Appendix the mass flow into an aircraf't static system with a volume
of 100 cubic inches has been estimated for a rate of descent =f 1000 £t/
second el an altatude of 27,000 fi. This mass flow -roduces an error in
indicated height of about 4O ft at a hach nuib:r of 0.915 and of 90 ft at a
Mach number of 1.125. Thus the error in this exauple 1s small,

8 Conclusions

Tests made on the standard Mk.94 pitot static head show that the drain
hole does not produce a measurable error in the pitlot pressure cf the
standard head.T

[ .
The drain hole does however introduce a positive error in the indicated

static pressure which is nearly doubled between Mach nunbers of 0,915 and
1.125 and has possibly a small variation wiith feynolds number.

The variation of the static pressure error from MO = 0,80 to 1.18

is insensitive to the differences of nose shape tested,

The relation between the static error and the flew through the static
glots has been measured. TFrom these resulis the error correspending with
2 high rate of . descent for a typical aircraf't system has been estimated and
found tc be small,



The indicated static pressure was subject to tunnel interference in
the range from M, = .95 to 1.10,
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APPENDIX 1

The possible Reynolds nunber Effect of the Drain ilole

Table 1 fwrnishes a check on the possible Reynolds number effect of
the drain hole,

Cpg is the Cp of the standsrd head obtained from Fig. 5. CPM 1s
the Cp of the modified head with zero mess flow obtained from Fig. 6.

The difference hetween CPS - CPM 1s the error produced by the

standard drain hole. ®/m, 1s the dimcnsionleas mass flow through the
drain hole at a given Mach number, taken from the drain hole calabration

a S .
curve, 5:572— is the appropriate slope token from Figs., 10 and 11,
m
o]
This slope, when multiplied by the mass flow,should give the error
produced by the drain hole

cC
1. @, Cp - Q. = 4_"p oo - 0.15) .
Po dm/mc &

The difference between the measured error and the calculated error is
cgalled 4 Cp in Table 1,

It should be noted that the comparison made in Table 1 1gnores
possible stetic errors coused by differences in the external shape of the
heads due to monufacturing tolerances., Tests in free flight on stondard
heads indicated that the difference in instrument error was likely to be
+0.002 an CP at M, = 1.0, BSuch a difference could alter the average

value of 4 Cp given in Table 1,

For a pgiven mass flow the Reynolds nusber of the flow througn the
sliandard drain hole 1s twice that of ihe modified head., This increase in
Reynolds number might be expccted Lo increase the choking mass flow mg

and hencé give a greater crror in CP for the standard head than for the
modified head. Hence if there were no shape effocts on the hcads

C, ~-C

Py o >Cp = C

Pg

S d Cy> O for both H =40 + 20 inches of mercury.

The fact that d CP 1a megative for H = 20 inches of mercury suggests

that a shape effect does cxist. It may be eluminated by comparing

Cps - CPm for both stagnation pressures. If there is an increase in My

due to the inerease in Reynolds number

|
(Cps ~ Cpm) HE= 40 should be greater than (Cp, - CPm) H = 20,

|
Table 1 shows| that this condition is satisfied.
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AFEENDIX TI

The Effcct of Rate of Descent

In this appendix the order of magnitude of the static error caused by
rate of descent at fransonic speeds 1s calculated for a typical aircralt
system.

Tne masa flow into a static chamber of volume V, due tc the rate of

change of density <§E> of the air enclosed, 13,
t

At 26,000 £t (correspondaing with the tumnel tests at 20" Hg stagnation
pressure) the rate of change of atmospheric densaty for a rate of descent
of 1000 ft/sec is

e . 3465 x 107 slugs/ftB/sec.
. dt
If this valuc of &l 13 used with an enclosed volume of 100 cubic inches

dt
the outflow from the static system is

m= =2.11 » 107 slugs/sec.

At 25,000 £t and a Mach muber = 0,95 the stegnat-on pressure H = 18,30
Heg and from cquation (1)

m, = 3. 74 x 10-6 slugs/sec,

The static error dus to this mass flow is

c
8¢ = (™ 4 0.15) ¢ B
P C dm/m
c
é CD
and Trom Pig.13 = e« 15 0,008 at M = 0,915
dﬁl/m 0]

[s;

!

and 0,015 at Mo 1.125, Lonce at M = 0,915,

8¢ = (’2'“ + o.15> (0.00B) = 0.0033
P 37

which corresponds to a height differencc of 4O fi.

At 26,000 £t and a Mach number M = 1,125, H = 23,4" Hg so that
m, = 81 x 10-6 slugs/scc. The static error is then -0,0043 and the

corresponding height difference is 90 f4,

I% should be noted that this static error is a difference between the
true static pressure and the static chamber pressure; it i1s not a difference
between the truc static and the instrument chamber pressure but 1t does
give a guaelitative velue for the altitude crror,

-1 %=






TABLE 1

Measured and Caleculated Stalic Errors

W¥T.2078.C,F.381.K3 = Printed in Great Britcin,

H = LO inches of mercwy
r ™3 T !
Cp N gM . Cps - pM m §_. CE C - OPO
Mo LB hol r;lin Standard { /me |3 m | Enlarged | 4 Cp
Fig.5 oFig 6°W drain hole ¢ | drain hole
0.95 {0,018 0. 009 0. C03 0.86 ] 0.0072 0. 005 0. 004
1.10 | 0, 027 C.013 0. 04 1,00 0.0136 0.012 0. 002
1.15 | 0, 029 0,012 0.017 1.00| 0,16 0. 014 0. 003
1.18 | 0,032 C. 014 0.018 1.00| 0,0175 0,015 0, 003
.
H = 20 inches’ of mercury
' C - C -
Cp, Py %p, P ; © N I
; No drain 4
ty ®ig.5 hgle ?10“, Standard | M/m, a ;/P'“ Enlarged | & Cp
Fig.6 drain hole Be | drain hole
0.95 1 0. 011 0. 009 0, 002 0,86 | 0.0072 C. 005 ~0. 003
1,101 0,017 0. 007 0.010 1.00] 0,0125 0. 011 -0, 001
1.15 ] 0. 01k 0. 005 0, 009 1.007 0,0152 0,013 -0. 004
1.18 1 0,022 0, 007 0. 015 1,00) C.0162 0, 0l 0, o1






HEMISPHERICAL NOSE.

A — — —————— S S S S S S S S S S S S S S S S S S S S S S S S S S S I ST T ————————— A A S S S—d— — |

STATIC CHAMBER o

WA o S S A S — S S S—— S A S S S f— A S S A A S S S S S — S ———_——

PITOT CHAMBER

/11_111177/111111117—1-7-11111:&1_

. DRAIN HOLE D =°’°'~"'7|;| rrrrr

(Q.) NOSE OF STANDARD MK.9A. PITOT STATIC HEAD.

b i S S  — —— —— — — — i m— i S " A S A S — — a Y A S S S SE S A S—A—" v pi SN A S i

ARALDITE _,-—-{ ————————————————————————————————————————————————————————

FILLING OF

/
, A

s m— s s—t e e e e e e e e e e e e e e —————

“ROUNDED NOSE.

AN
NOSE BLOCK. FRONT AND REAR SLOTS.

(b)) NOSE OF MODIFIED MK.9A. PITOT STATIC HEAD.

FIG.l.@sb) HEADS TESTED.



I3ANNNL 1d € "IVY NI av3H V6N 4Od ONILNNOW ¢Old

Z/)=31vOS

»9 W04 13TNMVavd N3HL NOILYO0d 03W3dvil

_ 3HL 40 ON3 3HL OL 'VE'MW SV 3WVS QV3H JILVLS
& "HONI/,e€0-
®, ¥3IdvL :
S ~—§.52 o
. L m
Z

hd




THROAT AND BEGINNING OF SLOTS. END OF SLOTS.

77"
| 65

W‘\\\\\\\\\\\\\\\\\\\ W, ", ", "~ . Y, e, .l i, S, i, i, O, W, Sul .~ . . W e Wi T . W, W . %
e T T ey

Y s

’o?’ | | ‘J[ 1 FAIRING.

7
2-0D.

O P "N "V N W " . . " O, W "W O . W . Y

\\\\\\\\\\\\\\\\\\\

W L " . . " . . . Y

1 | \
FRONT AND REAR.
CROSS SHAFTS.

FIG.3. GENERAL ARRANGEMENT OF MK.9A. PITOT=STATIC HEAD
IN RAE. 3FT. TUNNEL.

SCALE=-/24 PLAN VIEW.



- 0-0075 -

—-0-0050 -

- 0-0025 -

+0-0025 -

oH = 40 Hy.
aH = 20 Hg.

l

H= 20"H3.

¥. 00128

1i -00062

Ve 40" Hg.

! MAXIMUM  READING ERROR.

0 <«
o @ 0(,
o] \’%\e\
- \g
o © Tl 4 o
* Gt—m |
-80 85 ‘90 & ‘95 4 a&l1-00 1-05 i-10 I-15
l -

-20

FIG.4. PITOT PRESSURE ERROR OF
STANDARD MK.9A. PITOT STATIC HEAD.



A
/ \
—
\e z\,\rw_
;o1
°W \ w\, 4
oy Sl 011 So-l; |7 H_ 00-] se: 0G- cg- 08
! le @
o
v ﬂ_ﬂm w J - SE— 5
RIS N Ay M
v /.M | 4., \lm
__—male v —+F 1 /
.l.\\@.\h!“n @ /a// i ._. * f .
g |1 LYy QV3H QNVONYLS V
HOYNI ONIGVIY WomnwR 9% | vy [/ ¢ NO 1S31 LHONJ 33uJ
.m = .m = w._ h : T L
Hov=H  Buoa=H ) L ; : \\m .m:..om myy
T o \ | gl 4 ‘bH 0¥ =H @
! 3]\
LV ¢
Iy
¥

'‘AV3H DILVLS 1OLlid 'V6' XN QYVANVYLS JO dO¥H3 38NSS3dd DILVvlS 'S Old

- $0-0-

- ¢0-0-

-20-0

- ¥0-0

-90-0

~-80 0



0-08 -

Cp
0-06
& |
fl 1 *.008 +.004
04 © H= 40 Hg, 7’ 3 fH=20Hg. H=40Hg.
| ~ & H=20"Hg HE MAXIMUM READING ERROR
- -]
; I I
FREE FLIGHT TEST WITH - I N
PITOT ENTRY BLOCKED. 1 I 1\
0-02 | ‘ 1R
\ ! P X
A 'I i’_ \ e o=
A | . ‘
] _e—{f ’1 o 2 _ata—t—
0 - L i
0:80 0-85 0:90 0-95 00 { 105/ -0 115 1-20
il Mo
|
-0-02 | MASS FLOW m THROUGH SLOTS = O. t{ .
P4
Ll
Yo/
—0-04 N

FIG.6. STATIC PRESSURE ERROR OF MODIFIED MK.9A.PITOT STATIC HEAD.



"3SON d3ANNOY HLIM av3H J3idIGON 4O JYOdd3 3"NSS3IYd DI1VvLS L'Old

R
A
/oo — +#0-0 ~
/ y
I |
/ )
'Q
\mw \Q\\ i
T - 200 -
1 3 "0 = SLOTS HONOWHL Wt MOTd SSVW
2 ]
i 1
Oz L. L
i L
02-1 Gl-l ot __“,mc._ i 0ol §6-0 06-0 cg-0 08-0
v | v 2 v “ﬂ— :“. —~ Q
v 9 o -
o v \¥ iT T
o e/@efv/ i T
® Y\ 4 8
AL i
\y Y T — 200
AN ] £
Wy L v
MWl _ r
V1 L ¥
"HOWYI DNIGYIY WOWIXYIW t ol o ) oo
bH 0t =H bh 02 =H b HOob=Ho 0
. RN |
Y
« 7 . = .|_I|_ ﬁ
+00- 3 800- m__mw o
il
T - 90-0
- 80-0




S
- o \
4 ado -—
o cHR
o ow
. < W W °
+1 R =
B ] =
. 2 4 0
L~ 177 ] -
To < o S -
2 g
=
o NS N L g
. H
+I I >
-
= Q
L J
‘6\\\\ «0\\\\?\...\\.
| /mrfn”.wnl llllll —lw
''''''' l_l,"lull.' I'O,,’l’
B e vt S
Allul.llb V
e e e e T T e
<l s="a e ¢ -
B S
R R
.
~ ~
N
AJ /ﬁv 13
J O
o
o
° |l o T
N
. o .
& ) _ .
W
— 0 —
=
[0} g +. )
n =41 0 d
: Sy -
o TEFE
R R RN
4-
i
o I
©
o
’ _ _ _ _ _ .
|

FIG.8. EFFECT OF DISCHARGE AND INFLOW ON THE STATIC PRESSURE.



‘MO1d SSYIN ONIAYVA

40 103443 6 'S4

020--
010-——
w
..Qm_wd(zuw_o d MOTANI
g2 0-2 S:1 0| S0 _-7€0-  0l- Si-  02-
\\“‘
-
\\ rd
2 \ 010-0
\»4\“ o
®
2 W
Ce\e 020-0
[s]
ogi-t Bifov e
4 s21-1  EH[0z B | 350N aaaNnoN 020-0
N €16:0  Bu/oy ¢ [ av3H Q3LA00M
P +16-0 .Mz jo2 & o4 _ g
o»e/./ A .mu\\.ww o 1'OV3H Q3100 3=
oW W
1 [ 1| O.VOO



"IOYVHOSIA 1SNivoy do

[+]
W
02 Sl 01l SO- | 00-I ¢] 06-0 58-0 08-0
@
..Il 0\\-'5’
o P /@b\\. x /a
/e
\ b 4
4
I T Y
\ __ \
x ° ¢ o '9'DId WO¥4 3NIT 40 3d01S X
m\ @ ‘_ar.-ru\\
A130IM S3EYA
- _ 3

40 3407S ‘bH Op=H aQvIH QINNAOW ‘Ol 'Oi4

~ 0
— G000
~ 0I10-0
C#P
dyp
—- GI0-0
L 020-0



"39UVHOISIA LSNIVOVY 4D 40 3dO1S 'BH Oz =H avaH a31410ON ‘Il "Old

o
W
02| Sl-| 01+l SO-| 00-1 S6:0 06-0 s8-0 08-0
A
M \
\
A A
/ /.v\ X /
/
/
4
\Q(M \\Q
\ /
Vk\%\ ,,ﬁ\v v
I - _
9 A130IM S3IEVA 9914 WO¥d 3NIT 40 34078 X
— a5 -

- S00-0

— 010-0

~ 02¢0-0




"MOTINI LSNIVOY 9D JO 3dO1s 'bH O = H avaH a3idIqON 2l ‘ot

0
W
02| S| ol -l S0-| 00-| SG-0 06-0 $8-0 08'0
[}
[ 0]
QD
A N
[0] @
| . J/e o \0
Py .\
Fi
) b/
@
o /o
@ / ®
° \.\W/ \
[2] nw/ 7/
” |
e ‘9'Dl4 WONA 3N 40 3401S X
A130IM  SIIYVA B
dj

~S00-0

~ 010-0

— S10:0

— 020:0

CHp




0-020

Cp
VARIES WIDELY.

X SLOPE OF LINE FROM FIG 6.

0-015 ~ - b, |

dCp £ ﬁ\ 9./
m_ / A
d(mc) ;’ ‘[ A / A Al
\ /A
0-010 | ‘ yal
N i:' e
——)"z/’g\j' k\ //
~{a’
0-005 4
0 - _ _
0-80 0-85 0-90 0-95 1-00 1-0S 110 1115 1-20

FIG. 13. MODIFIED HEAD H=20 Hg. SLOPE OF Cp AGAINST INFLOW.
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