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FCRWARD

This repurt was initiatsd by the Flight Coutrcl laroratory, Wright Alr
Development Center, Wright-Patterson Air Force buse, Ouio and presacts the re-
sult. of static pressure lag tests on two tubing arrengsments for the ¥-106 air-
craft utilizing various pitot-static tube sensors. The data contaired herein
supplements the pressuro lag investigation condueted by Lt. J. P. Lamd and re-
ported in WADC Technical Report No. 57-351 *The Influence of Geametry Parameters
Upon lag Errors in Airberne Pressure Measuring Systams®. In accordance witk
Contract AF 33(600)~ 32250 and Test Request dated 14 May 1957, the Inland Testing
laboratories of Dayton, Ohio undsr the supervision of Lt. Lamd arranged the mock-
up static presaure systam and conductsd 4hs scets. e Tuaul E. Plate was suther
of the supplement.
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ABSTRACT
J

Pltot-static zensor design :reatly influences %59 lag in preasure trans-
aission from the semsor 30 tr: uinnected squipmant during iilgh spred meaeuver,
An investigation of the effects of Jive Adifferen: . %u%il¢ pressure chambers on
the overall system lag was conducted on a F-106 aircr.f* mogk-up wit: 3/0 inch
0,D X 0.035 inch wall thickness connecting tubing. Ruwcults of the $ozts indicate
that the design and dimensions of the static pressure caamher can increase the
total static pressure system lag by as much as a factor of 7.1€ over en optimm
chamber design at 40,000 feet altitude. ,

PUBLICATICN REVIEYW
This report has been reviewed and is approved.

FOR THE COMMANDER:
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Colonel, USAF
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SCTION 1
INTROIDUCTION

The primary lag investigation indicated the impcrtance of the pitot-static tube
dosign on the overall gstatic pressure lag to the associated equipment, so the lag
oxpe ~imentation was extended to ineclude the effects of five different statice
pressure chambor designs on the ontimum F-106 aircraft static pressure system
deternined in the previous report, Altaough the exact megnitude of the lag constant
will vary with aircreft design depending upom iengtas ol tublag and ihe volume of
the connsoted equipeent, 211 nose boom mounted pitot-static tubes should exhibit
similar effects on tre overall lag and the comparisop between the geometric systems
will be consistent with all similar aircraft.

Design of the pitot-static tube for service type aircraft is limited from a leg
standpoint {n tha% the tuds should be of minimm diamster to limit the overell length,
weight apd electrioal power required for icing protection. One method has deen to
provide ap annular static pressure chanber hetween the bester elemsnt and the pitot
prcasaure line, This has a definite disadvantage in that the air flow during high
retcs of dive or glimb must pass over two frictiopmi #uitTasss wicsk induee incressed
lag. As refarensed in the primery report, the equivslent Aiareter (diameter of
simple tube of unit length which would have a lag equivalent to a given annular
chamber) for such a construction is given by the eguatiomn:

4

l‘ 2 ﬂ2\ 2
) = Do =(D,

U2,
in D_l_
D2

vhere 1)1 and Do are respostively the outer and innsr diameters of the annulus,
Therefore an anuular chamber having an ares equivalent to that of 1/4 inch 0.D.X0.035
tudbing in which D, » 0.25 and D, z 0.308 actually has the same lag as a simple tube
with a 0,091 inch diameter. No advantage in size besed on response is gained dy
such a desigp, A4izo from an sercdyneais standpoint small static orifices are
advantageous but in turn degrade the response of the overall aystaa, FPresent rasearch
dats indicates that the optynn point for the static orifices on a oylindricel probe
is at 12 to 13 tude body diameters behivd the nose and at s redial position of 37.5
degrees from the bottom vertical caemtor point, The lag effect osn best de reduoced

by drilling another set of orifices dirsctly dehind the first pair,

Dgt ® D

In an attempt to incresse reliability and response to the Central air data
computer, some airframe Contragtors have investigated a pitot-static tude having
dunl static sources in which one scurce supplies static pressure tot hi central
air data computer and the other source supplies the flight instruments and other
related equipment, The result has been & tube woighing in the neighborkood of 2.5
pounds and réquiring at least 720 wmtis to deice, The primmry repcrt indicates that
a singls 3/8 ineh O.J. tudbing arrengsment provides slightly better respor=s tc the
CADC and mich greater response to the flight instrumesnts then the dual source tube
with twin 1/4 inch OD. iines. Almost idontiocel results areo obtained when two 1/4 inch
lines are teed directly dehind the pitci-static tubde,

WDC TR 57-251-1 1
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SECTION II
TESET PROGRAM

2.1 Test Equipment and Techniques

The static pressure system of the F-106 aircraf{ was mocked up utilizing
inch X.035 tubing with simulated inatrument volumes as shown in Figure I.

it tatic itubes were then ta2sted on this basic system to determine the
& static pressure chamber design on static pressure lag. A second
syetem was fabricated with two } inch 0.Ds X 0.035 tubes teed directly behind
the pitot-static tubs as shown in Figure 2 (referred to hereafter as System 2)
and two pitot-stetic tubes were tested on this gystam. Actual pitot-static tubes
were teated where possible, but for some of the designs it was necessary to
fabricate mockups of the static pressure chamber. The following is & description
of the pitot-static tubes tested:

Part 1. MA-l Dsvelopmental Tube having an anmuler ztatic prescsure chemuer
equivalent in area to that of ¢ { 0.D. X (035 inch tube¢ with an inner diameter of
0.25 inch 'and an outer diameter of 9-308 inch.

Part 2, A simileted anmular static pressure chamber having the dimensions
of the production Mi-1l pitot-sta*ic tube with an inner diameter of 0.236 inch
and an outer diameter of 0.3857 inch, The chamber was fabricatsd as shown in

Figure 3.

vart 3. A tubular static pressure chamber 3/8 inch 0.,D. X 0.025 incz with
tuin static orifices drilled as shown in Figure 4. This cdesign provided a
minimum lag characteristic and was used as a basis of comparison {or all other
designs tested.

Part 4. A } inch 0.D, tubular chamber identical to Part 3 except for the
outside dtsmeter. See Figure § for dimensions,

Part 5. Aservice type ANS816 pitot-static tube which ia installed on F-86,
F-102 and F-l04 aircraft and the first few F-106 aircraft. This tudbe has a
3/16 trch O,D. stat!c pressure line lsadout from the chamber to the coupling.

7

The methcd of determining the lag wes identical to that Of the primary
report in which the pitot-static tube was mounted in an evacuated chamber and
a constant rate of flow into the chamier was obtainad by the use of calibrated
chocked orifices au shown in Figure 6, Fressure transducers measured the pressure
drcp between the large chamber and the various instrument wvolumas and the oute
puts of the trensducere eere recorded by oscillograph, The main chamber wes
evacuated to a pressure equivalent to 80,000 feet and then reduced to sea level
proesure at ths rate of 0.1, 0,2, 0.3, and 0.} pounds per square inch per serond,
An unstable pressure condition exicted between the c=mher ard the system volumes
due to the initial inrush of air when the chamber valve was opened, This tranaient
condition stebilized 2t a pressure equivalent to approxirmtely 50,000 reet and then
beceme & conctant rate, Data wag reducei from the oscillogreph —ccord at intervals
of approximately 10,000 feet,

8]
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The ¢otsl oxperimentel lag constant (viscoue lag plus acoustic lag) was
deterained by dividing the pressure drop in pounds per square inch by the imput
rate in pounds per square inch per zecend for each individual group of f{astruments.
The lag constant in seconds was plotted verzns altitude in fest for each aystem and
pitot~-static tuhe for 22:2h 4Gput rate. The curve wam (hen averaged between input
rates to obtain & workable lag constant, Fig:rzz 7 througu 1l present the riaulis
of the lag investiz=ticu versus altitude. System No. 2 lag resulis are presentad
in Figures 12 ard 13,

2,2 Test Results and Analysis

Considerable scatter existsd between t he experimental lag ccanstants with various
input rates st hig: altitudes., This was detarmined to be the effects of an incresse
in Reyrolds Number as the flow changed from laminar to transitional. Consistant
curves were obtained for the individual pressure rrte inputs so the orifice method
of rate input could not be juestioned,

Results of this investigaticn prove the vast importance of the static source
design on the oversll lag of the static pressure system.

Using the 3/8 inch 0.D. tubular static pressurs chamher (Part 3) as the
maximum practical size for minimur lag of a service type pitet-static tubde, this
systsm wvas used as a basis for comperison of the othaer pitot-static tude designs,
Pigure li provides a graphical comparigon of the lag effects of the five pitot-
ctatie tubes on the F-106 airoraft central air data computeor utilizing 2/8 inch
0.D, connecting tubirz throughcut. 4t 40,000 feet altitude the minimum las constant
of 0,126 seconds was obtained with the 3/8 inech 0.D. tubular chamber and the other
chamber designs produced lag constants as high as 0.902 seconds with the Ma-l
development tubs, This latter time constant is 7.16 times greater at 40,000 feet
than that of the optimium tube design, It is interesting to note the largs lag
constant caused by the standard AN5816 pitot-static tube and especially the megnitude
of the lag at zea lavel in comparison to the other designs tested, This efiéci is
caused by ihe small 3/16 inch 0,D, tube leadout from the static pressure chamber
to the connecting tubing. Ths Mi-1l production pitot-static tubs vith snnular
chamber exhidited s lag sffect practically squal to that of a single § inch 0,0,
tubular chamber,

One gingle 3/8 inch 0.D. line still proved to be tha most satisfactory from
a lag standpoint as established in the primery report, &4 coumparison of the lag
associated with thase three aystems is shown in Figure 15. It appears that thers
is a peint at which, for large instrument volumes <nd extenaive tubing lengths
(such as in wing boom mounted pitot-static installations), two % inch O.D. tubsc
will produss a lag constant for the C.A.D.C. that is slightly smaller than that
produced by a single 3/€ inch O.D, tuds, From a weight standpoini the twin i
inch O.D. lines penalize Hhe system consideradly. In gereral, the best combdination
for weight, lag and simplicity of installation is obtained with 3/8 inch 0,D. X J.035

tubing,

#ADC TR 57-351-1 3
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SECTION IIZ
EONCUJSIONS AND RECOMMENDATIONS

The folloving conclusions and recommendations are presentod concerning the
results of thy investigation into the effacts of the pitot-static tube design oz
static pressure lac:

-~ v

critical factor in the total static pressure system lag.

1., The stetic pressure chamber design of the pitot-static tube can be the

2, Tubular stetic pressure chambers no smeller than )/4 inch inside Giameter
are recommdnded., If an annular chamber is necessary, it should be e minisum of
3/16 inch equivalent diameter,

3« The ANS816 pitot-static tube produces a lag factor which is sxceszive
for “igh performance aircraft, It is recammended that all century series air-
craft equipped with this tube ba retrofitted with the 115 volt Type Ma-l pitot-
static tube or its 28 volt counterpart, the Type TRJ-)/A tubse,

4. Futare pitot-stetic tude designs should be carefully analyzed as to the
lag factor resulting from the internal design. The basic thaory accuratoly defines

the reaponse characteristics of circular chambers. Additional tests may de required
if the design diffcrs redisally from the circular cross section.

WADC TR 57-351-1
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