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FORWARD

This report wa initiatl, by the Flight Contr%,l La&) ratory, Wright Air
Development Center. Wright-Patterson AIr Force Boe, Aio and preoents the r*--
sult. of static pressure lag tests on two tubing akrangmiento for the F-106 air-
craft utilizing various pitot-statio tub* *o.eors. The data oontained horein
ouppleoents the pressuro lag Invootigatio condueted by Lt. T. Po Lamb MA re-
ported in WADC Technical Report No. 57-331 The Influeno* of Gebtry Pareointre
Upon Lag Errors in Airborne Pressure Measuring System * In accordance with
Contract AF 33(600)- 322.50 and Test Request dated 14 My 1957, the Inland T*sting
Laboratories of reyton, Ohio undr the supervision of Lt. L.f arranged the nook-
tp dt&tiC prsgaUr. SyStGM &-.1 CoACtgd thZ tct. ;-z. MU BI *j E. tlte
of the supplent.
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ABSACT
J

Pitot-Btatic zensor desIf ¢reatly influences thet lag In pzasure trans-
ziasaio from the oeraor Zo t- uncted -qquipm.n% 1uking Uiig sp-ed ms*aeuver.
An investirAtion of the effects of five differeni cta./ pressure cham:Der On
the overall system lag was conducted on a F-106 aim t:-.f4 sock-up with 3/8 inch
0,D X 0.035 inch wall thiokaess connecting tubing. RvauIts of the toztz IndOlste
that the design and adnsIons of the static presmure claber can increase the
total static pressure system lag by as much as a factor of 7.16 over an optiim
chamber design at 40,000 feet altitude.

PJBLCATIC'M REVIE

ThLis report has been &*vlewed and ia airoved.

FOR THE CC0A"UR:

X04- T L. MAIRIN. JR
Colonel, USA
Chief, Flight Control Laboratory
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OTION I

WmEUtTICK

The primary lag investiSation indicated the £mpcrtance of the pitot-static tube
design on the overall static pressure lag to the associated equipment, so the lag
expi .imentatioc wns extended to include the effects of five different static
pressure chaubar designs on the ,ptiwam F-106 aircraft static pressure system
determined in the previous report, Although the exact ma nitude of the lag constant
will vary with aircraft design depending upon length* of tublag and the volume of
the connected equipment, all nose boca mounted pitot-statia tubes should exhibit
similar effects on tke overall lag and the ecoa rison between the geometric systems
will be consistent with all similar aircraft.

Design of the pitot-static tube for service type aireraf, 1 limited frem a l g
standpoint in that the tub* should be of uinium diameter to limit the overall lengths
weight and electrical power required for icinmg protection. One method has been to
provide an annular static pressure chamber between the heater element and the pitot
paGaure line. This has a definite disadvantage in that the air flow during high
rates of dive or climb mast pass over two friotiomi t a!; 4±-- +Anuee increased
lag. As referenced in the primary report, the equivalent diarter (diameter of
simple tube of unit length which would have a lag equivalent to a given annular
chamber) for such a contruction is given by the equation:

eq 12

in D I

where D1 and D2 are respectively the outer and inner diameters of the annulus.
Therefore an anvular chamber having an area equivalent to that of 1/4 inch O.D.OYo.035
tubing in which D2 a 0.25 and D, a 0.308 actually has the same lag as a simple tube
with a 0.0914 inch diameter. No advantage in size base on response is gained by
such a design. Also from an aerodyne-2.i standpoint mall static orifices are
advantageous but in turn degrade the response of the overall system. Present research
data indicates that the optUma point tor the static orifices on a cylindricsl probe
is at 12 to 13 tube body diameters behiA the nose and at a radial position of 7.5
degrees from the bottom vertical centar point. The lag effect can best be reduced
by drilling another set of orifices directly behind the first pair.

In an attempt to increase reliability and response to the Central air data
computer, some airframe Contractors have investigated a pitot-static tube having
dual static sources in which one souree supplies static pressure to t be- central
air data eamputer and the other source supplies the flight instruments and other
related equipment. The result has been a tube weighing in the uelghborhood of 2..5
pounds and requiring at least 720 watts to deices The primary report indicates that
a single 3/8 inch 0.D. tubing arrzanoment provides slightly better e'_- to the
CADC and mach greater response to the flight intzum~nts then the dual source tube
with twin 1/4 inch 0.D. lin se. Almost identioal results are obtained when two 1/4 inch
lines are teed directly behind the pitct-static tube.

V=C Th 57-3f1-l I



SECTICt II

71 PROGRAM

2.1 Test Equipment and Techniques

The stdtic pressure system of the F-106 aircraft was mocked up utilizing
J/8 inch X.035 tubing with similated instrument volumes as shon in Figuz- I.
I... pitt-otatlu tubee were then tasted on this basic systsm to determine the
effect of the static pressure chamber design on static pressure lag. A second
syrtem was fabricated with two I inch 0.D. X 0.035 tubes teed directly behind
the pitot-static tube as shown in Figure 2 (referred to hereafter as System 2)
and two pitot-static tubes were tested on this system. Actual pitot-statit tubes

were tested where possible, but for some of the designs it was necessary to
fabricate mockups of the static Pressure chamber. The following is a description
of the pitot-static tubes tested:

Part 1. MA-i Developmental Tube having an anrlar &atic pressure c 1 '-'.-
equivalent in area to that of a j 0.D. X .035 inch tube with an inner diameter of
0.25 inch and an outer diameter of 0-306 inch.

Part 2. A simulated annular static pressure chamber having the dimensions
of the production MA-i pitot-static tube with an inner diameter of 0.236 inch
and an outer diameter of 0.3857 inch. The chamber was fabricated as shown in
Figure 3.

Part 3. A tubular static pressure chamber 3/8 inch 0.D. X 0.025 in , with
twin static orifices drilled as shown in Figure 4. This design provided a
minim um lag characteristic and was used as a basis of ocupariso for all other
designs tested,

Part 4. A j inch 0.D. tubular chamber identical to Part 3 except for the
outside diameter. See Figure 5 for dimensions.

Part 5. AservIce ty-pe AN5816 pitot-static tube which is installed or F-86,
F-10? and F-104 aircraft and the first few F-106 aircraft* This tube hao a
3/16 i-ch 0,D. stat.c pressure line lqadout from the chamber to the coupling,

The method of determining the lag wao 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 chamber was obtained by the use of calibrated
chocked orifices au shown in Figure 6. Pressure transducers measured the prissure
drop between the large chamber and the various instrument volumes and the out-
puts of the transducere ere recorded by oscillograph. The main chamber was
evacuated to a pressure equivalent to 80,000 feet and then reduced to sea level
pnresure at th rate of 0.1, 0.2, 0.3, and 04 pounds per square inch per senond.
An unstable pressure condition ezisted between the c'-mher and the system volumes
due to the initial inrush of air when the chamber valve was opened. This tranent

condition stabilized at 3 pressure equivalent to approxinately 50,000 f'eet and then
becane a conptant rate. Data was reduceA from the oscillograph rcord at intervals
of approximetei.y 10,000 feet.



/

The total oxperi-mntel lag constant (viscjos lag plus acoustic lag) was
dotersain d by dividing the pressure drop in pounds per square inch by the imput
rate in pounds per aquare inch per &"end for each individual group of iiistrumnts.
The lag constant in seconds was plotted vere,,a altitude in feet for each syste and
pitot-static tku'h fr_ -- ch 1npet rate. The curve was then averaged between input
rates to obtain a workablo lag constant. Fiertz 7 througi 11 Present the r.Sults
of the lag inveati-pt"aia versus altitude. Systei No, 2 lag resalts are DresentaA
in Figures 12 and 13.

2.2 Test Results and Analysis

Considerable scatter existed between t he experimatal lag constants with various
input rates at hie. altitudea. This was determined to be the effects of an increase
in Reynolds Number as the flow changod from laminar to transitional. Consistst
curves were obtained for th-_ in~iidual pressure rete Inputs so the orifice method
of rate input could not be questioned.

Results of this investigatien prove the vast importance of the static source
design on the overall lag of the static pressure system.

Using the 3/8 inch O.D. tubular static prsour* chamber (Part 3) as the
-mximnm practical size for minlmam lag of a service type pitet-static tube, this
system was used as a basis for comparison of the other pitet-static tube designs.
Figure 14 provides a graphical ccmpartson of the lag effects of the five pitot-
ctatis tubes on the F-106 aircraft central air data computer utilizing 3/B inch
0.D. connecting tubinS throughout. tt 40,000 feet altitude the minimum la constant
of 0.126 sconds was obtained with the 3/8 inch O.D. tubular chamber and the other
chamber designs produced lag constants as high as 0.902 seconds with the MA-i
development tube. This latter time constant is 7.16 times greater at 40.OO feet
than that of the optimium tube design. It is interesting to note the large lag
constant caused by the standard AN5516 pitot-static tube and especially the magnitude
of the lag at sea level in comparison to the other designs tested. This effec! is
caused by the mall 3/16 inch 0.D. tube leadout from the static pressure chamber
to the connecting tubing. The Mk-l production pitot-static tube with annular
chamber exhibited a lag effect practically equal to that of a single J inch O.D.
tubular chamber.

One single 3/8 inch O.D. line still proved to be thi most satisfactory from
a lag standpoint as established in the primery report. A comparison of the lag
associated with these three systems is shown in Figure 15. It appears that there
ts a point at which, for large instrument volumes LM extensive tubing lengths
(such as in wing boam mominteA pitot-static installations), two j inch O.D. tubsc
will produce a lag constant for the C.A.D.C. that is slightly smller than that
produced by a single 3/8 inch O.D. tube. From a weight etandpoint the twin I

inch O.D. lines penalize he system considerably. In gereral, the best combination
for weight, lag and simplicity of installation is obtained with 3/8 inch O.D. X J.035
tubin.

WADC TR 57-351-1 3



SECTIN II

COCMMSIONS AND HRECOA4ITICKS

The fol.owing conclusions anA recomendationa are presented concerning the
results of thi investigation into the effects ot the pitot-atatic tube design oz
static pressure lar:

I1 The static pressure chamber design of the pito- -static tube can be the
crit!cal factor in the total static pressure syatem log.

2. Tubular static pressure chambers no amller than !/A inch inside diameter
are recomnded. If ar annular chamber is necessary, it should be a minimum of
3/16 inch equivalent diameter.

3. The AN5816 pitot-static tube produces a la factor which is excessive
for 'nigh performance aircraft. It is recinded that all century series air-
craft equipped with this tube be retrofitted with the 115 volt Type MA-i pitot-
static tube or its 28 volt counterpart, the Type TI -l/A tube.

4. Future pitot-stetic tube designs should be carefully analyzed an to the
lag factor resulting from the internal design. The basic theory accurately defines
the response characteristics of circular chambers. Additional tests may be required
if the design diffcre radi~11y ftr the circular cross section.

WADC TR5 7-351-1
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