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PREFACE

The T-33 (Silver Star MK 3) pitot~static system
calibraticn tests were performed in support of the T-46A
Developeent Test and Evaluation (DT&E) program, The T-46A test
program wa: directed by the T-46A System Program Office
(ASD/AFG) of the Aeronautical Systems Division, Wright~
Patterson AFB, Ohio, The T-33 pitot-static system calibration
was required to enable the T-33 to function as a pacer for the
pitot-static system calibration of the T-H6A.

The author thanks Mr. Frark Brown and Mr, Al DeAnda for
their technical assistance. The project pilots were Major Eric
Hansen and Major John Bush of the USAF,

L:ycoss!&H"!or".

NTIS mim—"fj'é—'
DTIC TAB -
Unannounced o
Justification |
By.
Distribution/
Availadility Codes
vail and/or |
Dist Special
&
1 ﬁ'\ -
-, e
AT TN T e Tt




e R e A s g hm gimae DUEGKTR AR e S RS FY
Mﬁ%a’&f ,%&% S g e Spe T S Rt e

Eies
=

G
s
e

5
s
T
oA
2

G
i
ARy

iy
) -;«"‘:“
=2

e
2

; A Y A DI,
S 2 Rty ; e
(R Erse N ) 2
e

f5.
i

g

e
SR s
TEElnG,




3 FACERe "Wte e e Jhuew 3t e "BCh e S A DS il i i RO RACTRR L S M S S TN T TN TR AT RT IS AT AT R T BT TR T R

: TABLE OF CONTENTS

Page No.

PREFACE....'t-..u..o.o.o-.oo.ooooo-oooonoo.oooo.-ooooloo 1

TS VW

LIIST OF ILLUSTRATIONS...l.O.........Il.....‘..‘.....l... 5
INTROD“CTION.......0.0..,...........'..'.....0...0...‘.. 7

TEST AND EVALUATIOM...'.'..O'...I...l‘.‘C............'.G 11

Chai 2t Baa aen aa 4

CONCLUSIONS AND RECOMMENDATIONS....coesecesssscascsassss 17

REFEREucES.00'..00ol.00n.c-o...o't...oo.o..o..l...olo.t. 19
APPENDIX A: DATA REDUCTION OUTLINE....cccoccccasccccccss 21
APPENDIX B: FLIGHT LOGoncuoo-ooooooooooooooooc.cco.oo-oo 27

LIST OF ABBREVIATIONS AND SYMBOLS...eceeveccccecseceoe.s 29

j
E
E
i
;
|
|

.............




PRI iy AL N P S LI AL AR il N




Figure

» T4 0 F '
—

1A

e ¥ FEE——
n

Al
A2

A3

T s e V8 7 ¥V T YV V.7

‘

A4

4 ¢ e s ¢ IR T T T4

........

LIST OF ILLUSTRATIONS

Dol s

W e e .w . g K SR

Title Page No.

Pitot Tube and Static Port

Pitot Tute and Static Port (Detail)

Position Error Pressure Coefficient

Altitude Correction Due to Position Error
Airspeed Correction Due to Position Error
Mach Number Correction Due to Position Error
Tower Fly-By Data Reduction

Front Cocl*nit Airspeed Instrument Correction
Rear Cockpit Airspeed Instrument Correction

Rear Cockpit Altimeter Instrument Correction

IR I e T -

SRy Comat o
“"‘. ‘.. D‘-L\,.-\..\.O ;\;\

......... R IS

(-]

15
16
22
24

25

26

PRI |




e

B
A

S :..4,-. =

= =0

s I

et

gﬂ‘ egﬁ‘f:;-\?«l

ey
A,

A

e

5

e



.............

{\. L T e T L A A R SIS L S Tt Bl SR AR S R T N N B O e T S U R T T R T I T

INTRODUCTICn

This report presents the results of the T-33 (Silver Star
MK 3) pitot-static system calibration tests. The tests were
conducted at the Air Force Flight Test Center (AFFTC), Edwards
AFB, California in support of the T-46A Development Test and
Evaluation (DT&E) Program. The pitot-static system calibration
tesis were conducted between 17 April 1985 and 15 May 1985
during four sorties totaling 5.2 flight hours,

R ——

OBJECTIVL

The objective of this test was to obtain pitot-static
system calibration data for the T-33, civil registration N83TB,
in order that the aircraft could be used as a pacer in support
of the T-U6A DT&E Program,

AIRCRAFT DESCRIPTION

The T-33 (Silver Star MK 3) was built by Canadair L%d.,
Montreal, Quebec, Canada. The aircraft was owned by
Thunderbird Aviation Inc. of Phoerix, Arizona and carried civil
registration N83TB. The aircraft was leased by the AFFTC as a
support aircraft for the T-U6A DT&E Program. The production
pitot-static system was used. The system employed a dog-leg
pitot probe mounted under the nose on the aircraft centerline
approximately 32 inches aft of the nose tip and two static
ports symmetrically mounted on the lower sides of the nose
approximately 35 inches aft of the nose tip (see Figure 1 and
1A). Calibrated, sensitive airspeed indicators were installed
in both cockpits arnd a calibirated, sensitive altimeter was
installed in the rear cockpit.
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TEST AND EVALUATION
TEST TECHNIQUES

Tower fly-by and pacer data were used to detetmine the
position error. Reference 1! was used as a guideline for the
tests, The tower fly-bys were conducted using the AFFTC tower
fly-by facility. The positiorn error was obtained from the
difference between the T-33 teat aircraft's inastrument
corrected altimeter reading and the aircraft's pressure
altitude determined by tower stadiametric observation.

Pacer data was obtained with an AFFTC calibrated pacer
aircraft (T-38A, S/N 70-1575), Both stabilized and
unstabilized pace techniques were used. During stabilized pace
] the T-38 pacer flew in close formztion with the T-33 test
% aircraft maintaining the same altitude and airspeed during
stabilized straight-and-level flight. The position error was
) obtained from the difference between the T-33 test aircraft's
) instrument corrected altimeter reading and the T-38 pacer's
’ instrument and position error corrected altimeter reading.

An unstabdilized pace technique was used to obtain data at
speeds lower than the T-38 pacer could maintain in stable one-g
strajght-and-level flight (approximately 170 KCAS), The T-38
pacer set up at the same altitude behind and to the side of the
T-33 test aircraft, The T-33 stabilized at the test airspeed
(less than 170 KCAS) and the T-38 pacer stasbilized at
approximately 170 KCAS. Airspeed and zltimeter readings were
taken as the T-38 pacer overiook the T-33 test aircraft at the
same altitude. The position error wss obtained from the
altimeter difference as with the stabilized pace technigue. All
data from both aircraft were hand recorded. The front and rear
cockpit instrument readings in the pacer and the f{ront and rear
test aircraft airspeed readings were each =zveraged to improve
accuracy.

L an sar o

DATA ANALYSIS

The altitude position errcrs determined from the tests
were used for data analysis., Low resclution of the airspeed
indicators with respect to the small airspeed pusition error
resulted in large scatter in the position error data determined
from the airspeed difference during stabilized pace. Therefore
the airspeed difference was not used for analysis, The
position error pressure coefficient (AP /qcic: position error
pressure/indicated differential pressuref was calculated frrm
the altitude position errcr and is shown in Figure 2, The
scatter in the low speed datz (especially the 2C degree flaps
data) was largely due to the dezraded accuracy of the
unstabilized pace method,

11
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The fairings of Figure 2 were used to develop fairings for
Figures 3 through 5. The altitude position :rror (AH )
determined during the tests is shown in Figure 3. The airspged
position error (AV c) calculated from the altitude position
error is shown in Fggure 4, The Mach number position error
(/M ) calculated from the altitude position error is showr in
Figgre 5. The data reduction outline is contained in Appendix
A,

In order to insure the accuracy of the pitct-static system
calibration, periodic checks should be performed., A limited
number of tower fly-by passes should be performed periodically
to verify the pitot-static system calibration accuracy.
(Recommendation 1) The accuracy of the airspeed indicators and
altimeters should be checked pericdically to insure accurate
pitot-static zystem data. (Recommendation 2)
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CONCLUSIONS AND RECOMMENDATIONS

Accurate calibration data were obtained for the T-33
(Silver Star MK 3), civil registration N83TB, by the tower fly=-
by and pacer techniques. The accurate calibration of the
pitot-static system will allow the use of the T-33 as a pacer
aircraft for support of the T-46A Development Test and
Evaluation Program. In order to insure the continued accuracy
of the pitot-static system calibration, periodic checks should
be performed,
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!
y
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)

1. A limited number of tower fly-'by passes
should be performed periodically to verify
the pitot-static system accuracy. (page 12)

2. The accuracy of the airspeed indicators and
altimeters should be checked periodically to
insure accurate pito’ static system data.
(page 12)
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APPENDIX A

fut

DATA REDUCTION OUTLINE

T X

TCHER FLY-BY ANALYSIS

Tae tower fly-by analysis assumed that the tapeline
altitude differences between the ramp, tower and fly-by
altitude equaled the equivalent pressure altitude differences,
No significant error was introduced by this assumption because
of the relatively small altitude differences.

3
VL.

The zero-grid-line pressure altitude (H,) was determined
by the ground block method as follows (see Figure A1):

Hy = Hicx -th +Lh

Xy
where: ”ic = Ground Block Instrument Corrected Altimeter
X Reading
/h, = Height of Altimeter Above Ramp (6 feet)
Ahxy = Height of Tower Eyepiece Above Ramp

The height of the aircraft above the zero-grid-line C.hy)
was determined as follows:

; hy = K x G.R,

where: K = Geometric Constant (31,5 feet/inch)
G.R. = Grid Reading (inches)

The altitude position error was then calculated:

Hpc = Hy + Lhy - Hi?y

where: Hicy= Instrument corrected aircraft altimeter reading

Several ground block readings were taken before and after
the flight and atmospheric pressure was monitored in the fly-by
tower during the tests in order to account for atmospheric
pressure variation during the duration of the test flight. No
atmospheric pressure variations were observed during the
subject tests.
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PACER ANALYSIS

The altitude position error was calculated using the pacer
merhod as follows:

i
EE

LH = H. - H
PC 1Coast  ®pacer
¢ H. - ; i titud
where chtest Test aircraft instrument corrected altitude
Hcpacer = Pacer aircraft calibrated pressure altitude
. The instrument corrections for the T-33 test aircraft's

calibrated instruments are shown in Figures A2 through Al.

The equations outlined in Reference 2 were used for
subsequent data reduction,

23
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APPENDIX B
FLIGHT LOG
Date Duration Crew Pacer Crew Test
17 APR 85 1.2 hr Hansen/Edmondson —— e e Fly-by
12 APR 85 1.4 hr Bush/Edmondson ————— Fly-~by
14 MAY 85 1.2 hr Hansen/Woodford Deehan/Waniczek Pacer
15 MAY 8 1.4 hr Hansen/Bjurstrom Luczak/Woodford Pacer
27
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LIST OF ABBREVIATIONS AND SYMBOLS

item Definitions Units
AFFTC Alr Force Flight Test Center ——
DT&E Development Test and Evaluation ————
G.R. Grid Reading —c e
H, Pressure Altitude, Calibrated feet
Hic Altimeter Reading, Instrument Corrected feet
Hicx Ground Block Altimeter Reading, feet

Instrumeat Corrected

. Hio Fly-By Altimete. Reading, feet

- Y Instrument Corrected
H, Ramp Pressure Altitude feet
Hy Zero~Grid-Line Pressure Altitude feet
K Geometric Constant feet/inch
KCAS Knots Calibrated Airspeed knot.s
MK Mark —

y P Pressure inches Hg
Qic Differential Pressure inches Hg
S/N Serial Number —

i T Trainer —
Vie Indicated Airspeed, Instrument knots

Corrected

LHpc Altitude Position Error Correction feet
Ahy Height of Altimeter Above Ramp feet
thy Height of Tower Eyepiece Above Ramp feet

: Ahy Height of Aircraft Above The Zero- feet

. Grid-Line
AHpc Mach Number Position Error Correction ——
LPp Position Error Pressure inches Hg

Airspeed Position Error Correction knots

.........

.............
...................
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