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Characteristics of a Five-Hole Spherical Pitot Tube

Toshiho SAKAI, Toshiharu INAGAKI

ABSTRACT

A five-hole spherical pitot-tube produced for experimental purposes has been
tested for measuring such air-data as velocity, angle of attack, sideslip angle and static-
pressure of aircraft.

There are few cases in measuring the static-pressure by five-hole spherical pitot-
tube, although the measurements of air-speed, angle of attack and sideslip-angle are well
known. Since the five-hole spherical pitot-tube is normally installed at a position far
from the lifting surface, one can expect to measure the static-pressure without position-
error.

At first, wind-tunnel tests of the five-hole spherical pitot-tube were conducted.
The pressure on the surface of the sphere was different from that estimated by theory.
Such a difference between theory and practice induced considerable adverse effects on
the accuracy of the measured air-data. So, by using new revised equations based on the
results of the wind-tunnel tests, we were able to estimate all the air-data with much
more accuracy.

Next, we made some flight-tests in order to ascertain position-error in free static-
pressure measurements. The tests were performed under such conditions as level-flight,
steady-turn, landing and take-off during the experiments. The static-pressure measured
by the five-hole spherical pitot-tube agreed well with measurements taken with 3 swivel-
pitot and the resulting air-speed has been shown to be almost the same as that obtained
from the position-error correction chart, which was made by the speed-course method.
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1 -, 9
Pe—Ps=- pV* (1= sin’ £80C) (5¢)
Pr— Py=— oV* (1=~ sin ZSOT) D)
p Ll a9 .2
Py—Ps=— 0V (1 , sin ZSOB) (5e)
(5¢) — (5b) i
2
Pe—Py=220 (sirt £SOL—sin® £50C) (A1)
E18H, (5¢) — (5a) ITEBkRIC
9p0V: .,
Po— Pp= 8 (sin’ZSOR—sin*ZS0C) A.2)
E15B, (A1) + A2
QﬂVz .2 . - 2 -2
2P.—Pr— P, = 3 (sin’ZSOR +5sin®ZSOR —2 sin 4890) (A.3)
E15h, (A1) - (A2)iF
2
PR—P,_=9”8V (sin?ZSOL —sin?.~SOR) (A.4)
E15E, RE=ZAEOREEBRLANDS &
cos Z/SOR= cos £ SOD- cos (fr—€ ) +sin/SODsin (f—€ ) cos LSDR (A.5)
CH B, LSDRIZEMIDD
cosZ/ SOR= cos/SODcos ( fr—¢€ ) (A.6)
EH
sinfZSOR=1 — cos’/80Dcos® (fy—¢€) A7)
8B, MRICLT
sin’ZSOL=1 — cos’280Dcos*( fFr+¢€) (A.8)
sin’Z80C =1 — cos’ZSO0Dcos?Fy ‘ (A.9)
OBRFELRTEZ, A3DIRRATN~ANDOAGAALTRDL IS,
2
2P.—Px— P, = 910817 c0s?ZSOD( 2 cos® Br—cos? ( fr—€ )—cos’ (fr+€ )]
2 —€ €
- 908V cos?’Z 80D cos 24— cos 2( S )*2‘0032(ﬂh+ )]
2
= 9p8V cos’/ 80ODcos 284 ( 1—cos2€) (A.10)
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(A.4)13 (A7), (A.8) DEABRAZRHWTIRDL Si278 5,
_9pV?

P.—P = s c0s’ZSOD( cos*(Fr—€ )—cos’ (Fht€) )
2 ey 2
= 9,08V cos’~S0OD cos2(fp—¢ )2 cos2( Sy +¢) = S0V cos?Z8SODsin2¢€ sin2 S
(A.11)
ANY/A D) IIRDE S5 B,
2
Ll cos’ 2 SODsin2€ sin2 S )
PR’-PL . 8 _ sm2€ ta 2/9
— — - 2 =1 c n h
2Fc—Pr—P 96V cos?/S0Dcos 28, ( 1—cos2€) 17cos2
in € 13
Z?—wtan&@h= cot € tan2 0, A.12)
2sin“€
WH-T
__i -1 PR"PL
Br= 5 tan [_—_ZPC_PR_PL tanﬁj (A.13)
L1838, Bnid apex-angle € EKFEHMOBMEHDES P, P BLUP, SbkoHoN 3,
Loit (5c) ~ (5e) T, L&A bRIBEICLT '
__1_ ~1 PB—P‘T
By= 5 tan [——-——ZPC_PB_PT tanej (A.14)
180, e EHMBAHRAOUMENORENP,, PoBXOP XOkDOEN S,
CORICLTEBICS, LUEBTNOAEL BAaTRHBEOLIECHBRLLLTENSL,
KICEEA KD B, $F
ZSOD= tan"'( cos B tanf, ) (A.15)
TH5DT
Vi=Vcos£SOD (A.16)
Vy =V cos B/ cos B,
E18B, (A AB), ANDEHNT
9pV: 2 ;
P.—P = g cos ZSOD( cos®Br—cos*( Fy+€))
9poV¢ - 1+cos 2 1+cos 2 +e 9 0V§
_ 8!1 ( cozs By 1+cos (2/9;; )] _ 8h sin (28, +€ ) sin€
ELY
V,,Z:Qp Fe— P, (A.18)
) sin{(2/4,+€ ) sin€
OEGNEONDS, €, 0, PBIUP BEATE M AR LDKINIV, KDL EMTE S, &6
2 P ff 5 TRBRIC '
VE= Fe— Py (A.19)
90

~—85in( 28,—€ ) sin€

HRE B, COLIICKEHOOREV,IZE 0, Po, Po, PLBELTAHLORDBI ENT 2,
BB BRIV TR ERICLT
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FP.—P
2 _ C T
V”'gp

—S—Sin(2ﬂ0+5 ) sin€

(A.20)

B sin(2/4,—€ ) sin€

NEoNE, CCTHMEHMOREV, 2 €, 0, P, Pp, P BIU L, L0 KkpB EmMTH B,
i, EBICV,, V, 2Kk 213, Vil 20T (A18), (A19), Vil Tid (A.20), (A.21) OfFEL
SINBBELILS,
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