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EFFECT OF NON-STANDARD ATMOSPHERES
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A "tm" hns beenconduc‘.ed to cotermine ﬁﬁe ,effe’cf_of nov:-standnrr} a‘mosphoms
vner Yo i‘uzingi Nach rasge of the Vatador missile., It is shown that the pzizw‘
41+424 Sazing Moch Tange of 0.96 to 1.01 in the NACA standerd stmosplisre beconss
4.5 e 1.05 in pon-standard ataospheres which do possoss soze magll prodabiiity
cf reonrrence, The effoct of this incressed Mach ran.e upon “is uccxn‘a.cies of
“arm-metric fuzing syotens utilizing boly orifice and nose prel: rressure sepeing

o - o
LT LESUSE3n,

Tre ztmecrheores chozen for the invactigation are considered representsative of

surmer exirenss in the lower latitudes and winter extrames in the upper latitudes,

The temperabturs and pressure structures of these hypothetical at.méph‘éﬁb an:!tbe
FASA ctondard etmosphere are shown in figurcs 1 aad 2. . The "cold". wspaam,
=riliched In a study by B. L. Hendrick (Ref. 1), possesses sone émall)prcba»

Jiior o7 sogurrence ab polar rogions ebvove 55° L Lat. The "Lot® sizosphere

irolronisre In the Sorporsation specified ss "Atm, o, 10" ané is so:ze;-nat

“sorterintie of summer conditiouns at Salton Sea. Its mrea_i tic tmperahm

R w.&

straiztura in a lscel rogion near 33, 000 foet al‘i‘*uda was asamod to hsve neg—

L uron Mach nunbores in 4be fuzing altitude rasge o to S,000 f-mt,'

Zohinations of oissfle weignt, altitule, and velochty exisling at the fs{tie~




- _ and goms intomodiato range miasionn fronm 1annch to target vere u:sed in tho
'cdculation of standard atmosphers trajsctories. These three trajectorios '
_oompared favorably with similar ones calculated by Martin (Ref. f(g."3). " *
Tbe swall differonces are attributed to slightly different initial conditions.
Those suggested by Martin for use in the Sandia calculations are consldered
more realistic. Note that In the standard atmosphere, the total Hach‘range‘

at fuzing altitudes, 0-9000 feet, is only about 0.96 to 1.01.

Tho two Sandia calculated trajectories yielding Mach number extrezes at fuzing
altitudes 0-9000 feet were then used in studying thc effect of non-siandard. -
atmospheres. Tho results are illustrated in figures 4 and 5. The increase in
Mach mumber cansed by the cold atmosphere 1s apprecisble, At altitudes mear
25,000 feet the Mach increase amounts to 0.090. Near 10,000 feet 1t is 0.050,
and at sea level it is about 0,015, The decrease in Mach nunber caused by the
hot atmosphere is significant at high altitudes; however, it becomes ‘alimost
negligible at sea level. Near 30,000 feet the !'iach decrease is 0.050. - Hear:
10,000 feet it is 0.008, and at sea lovel it is only about 0.002. Fron the
nature of these Mach—lltitude curves, it is apparent that at fuzing altitudes,
0 to 9000 feet, hot atmospheres contritute little toward Increasing the. Mach
range of the Matador misaile. Cold atmospheros, howsver, m.ay cause an i.ncrease

;, i

‘of 0.05. BHence, the fuzing Mach rsnge of 0.96 to 1. 01 in the NLCA standard at-

mo3phare may become 0.96 to 1,06 in non-standard atmospheres.
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illustratad in figures 6-8. The data presented in these figures wers de-

rived from vind tunnel and theoretical otudies, the results of which are

swarized in Ref. 2. Shmm in figure 6 is the capability of body" orificoa
located at station 45. This is the method of pressure sensing presently
erployed to amm radars in the Mod C Matador warhoad. Errors in feet of
altitude at sea level and 9000 feet are plotted versus Mach mmber assuz-~
ing zero error at Mach 0.99. Altitude effect is small, bowever, the Mach
effect causes a wiform change in error from 600 feet low at Mach 0,96 to
alzost 1800 feet high near Mach 1.05. At Mach 1.06 the srror is about 1300
feet high. The Mach mumber for zero error is arbitrary and could, of course,
te redefined; this does not, bowover, alter the total spread in error over &
given Mach range. In the standard atmosphere this total spread is 1100 feet;
in non-standard atmospheres 1t may approach 2400 feet. 4An additional error

of 100 to 300 feet may be caused by each degree angle of attack.

The performence of a 7-foot nose probe is shown in figure 7. Probes of this
type are currently being flight tested on full scale Matador missiles. In the
Mach rarge based on standard stmosphere, the total spread in error is 600 feet.
Non-otandard atmospheres, however, produce & Mach range which bracketis the
prasgure discontinuity caused by the bow shock wave. The itotal spread in
orror thea bacones almost 2000 feet. Angle of atiack error 1s negligibla for
probes experiencing angles less than two degrees... .. ... . ..conoiee

The psrfamaneeof % l}faotnue srobe is shown in figure 8. Lnumr sprac‘.




of 500 feot in the standam atmospbere Mach range 18 m[le§§ E éosfe%tl' ;[: IED
the non-standard stmosphere Mach range. The increassd Mach mgoagmbucknu
. the preazmre discontinuity caused by the bow shock. . This dismnﬁmitxomﬂ&bo
eliminated by meking the probe short enough to insure its occurrence at a Mach
mmber in excess of the upper limit of 1.06; however, according to Ref. 3, the

prediscontinulty pressure-Mach gradient would then reflect a total spread in

altitude error of almost 2000 feet.

Cursory tests conducted in the Wright Field Transonic Wind Tunuel lend doubt
that an alternate body port axists on Matador widch will porform ag well as the
13-foot nose probe. Present contention is that only a trailing device will yield
pressures having a smaller degree of Mach sensitivity. Results of trailing prode
tests on an F-86 aircraft in the Mach range 0.8 to 1.04 are presented in Ref. 4.
Variations, due to Mach effect, of 500 feet were obtained. Smaller variations

are considered possible with minor revisions in probe design.

CONCLUDING REMARKS
I4 bhas been shown that in non-standard atmospberes the fuzing Mach rango of the

Hatador missile may become 0.96 %o 1.06. In this particular range of Mach mx-
ters, neither body orificés, for which data are svailable, nor ndsze'probes of
srectical length ylelds a pressure which can be considered huch insensitive.
Zxtendiug the length of the nose probe to 13 feet only reduces ths total spread
in aititude error %o 9 feot. A thorough pressure survey may revesal a less Mack
sensitive pori or a combination of ports which may be nanifolded.to.gein ¥ech
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insensitivity. Thle, howevor, umnd mvolve coat‘ly and tim—oonsming wind

tmnel and flisht test progrm ‘ Unlecn nccuracy roquimnta are relmd,
tratling dav-ice nay be the only source ylelding pressures acceptabla for baro-

metrie fuzing of the Matador warhsad.
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