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DETERMINATION OF UPWASH
ARQUND A BGDY OF REVOLUTION

AT SUPERSONIC VELOCITIES

By L. BESKIN
CONSOL I1DATED VULTEE AIRCRAFT CORPORAT|ON \

I NTROCUCT I ON:

THE METHOD OF ANALYSIS PRESENTED HEREAFTER, 1S A STRAIGHTFORWARD APSLICATION
OF THE FORMULAS FOR THE POTENT!AL F.OW AROUND BODIES OF REVOLUTIONS AT SUPERSONIC
VELOCITIES WHICH HAVE BEEN ESTABLISHED 8Y H., S. TSieN (JOURNAL OF THE AERONAUTICAL

L
Sciences, OCTOBER 1938 SupeRrsoNIC FLow OVER AN INCLINED BGDY CF REVOLUTION).

DERIVATION OF THE FORMULAS:

CONSIDER A BODY OF REVOLUTION, THE AXIS OF WHICH 1S INCLINED AT AN ANGLE
TO THE DIRECTION OF THE AIRSTREAM, THE PERTURBATION VELOCITIES OUE TO THE PRESENCE
OF THE BODY CAN BE DEFINED — IN THE RANGE OF VALIDITY OF THE HYPOTHESES FOR WHICH
THE FORMULAS DERIVED BY H. S, TSIEN ARE VALID — BY THE DERIVATIVES OF A PERTURBA-

TION POTENTIAL §, OF THE FORM!

v
-

¢2=—,3005 e-/cosh"_x_ f( X—=/3r cosh u) cosh u du

Br

WHERE!
X,r,0= CYLINDRICAL COORDINATES '
Yok \/Mz—l, WHERE M I's THE MACH NUMBER OF THE FLOW
W= PARAMETER OF INTEGRATION
THE INVESTIGATION 1S L!MITED HERE TO THE MERIDIAN PLANE PERPENDICULAR TO THE

PLANE OF SYMMETRY OF THE FLOW, AND WHICH CCRRESPONDS TO ©§=(Q. THE DOWNWASH VELO-

CITY IS NORMAL TO THE FLANE 8 =0 AND HAS THE VALUE: @«"
-]
w=$3-=--$— . fx=Ar cosh ulcosh udu 9DC
coshB& a0
r Y
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APPL ICATICN TO CONICAL AND CYL INDRICAL FUSELAGES:
IN THE CASE OF A CONE OF REVCLUTION, IT HAS BEEN SHOWN BY H. S. TSIEN THAT THE

POTENTIAL @5 CAN BE WRITTEN IN THE FORM:

b2 = 3 KBr cos eW(B—-)

-

THE CONSTANT K BEING DEFINED B8Y THE CONDITION

e
WHERE;
R = VALUE OF I CORRESPONDING TO THE CONE SURFACE.
VU = cROsS FLOW VELOCITY (V=T

o{ = ANGLE OF ATTACK
U= AXIAL FLOW VELOCITY

AND WHERE THE FUNCTiONSW(n) AND W ({n)ARE: )
Y(n) =nVn?-1 —arg cosh n
win) =nVn®=1 +arg cosh n

ON THE SURFAGE OF THE CONE, R=JX, WHERE J IS THE HALF CONE ANGLE.
]

WITH THE NOTATIONS: n=xX/0r
N =X/8R
IT IS FOUND!
v, Yin)
Vv WH(N)

THE RATIO W/V 1S £QUAL Tode/do{,EBEING THE DOWNWASH ANGLE WHICH CORRESPONDS TO o ,

THUS: de . _ ¥(n)

de W(N)

THE DOWNWASH ANGLE 1S NEGATIVE, AMD ACTUALLY 1S AN UPWASH ANGLE, WHICH SHOWS THAT
A BODY OF REVOLUTION MAY PRODUCE AN ADDITIONAL LIFT ON WINGS ATTACHED TO I(T.
ON THE SURFACE OF THE CONE:

de __ WIN) __ W(/39)
del  WIN)  WNO/BI)
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ON THE SURFACE OF THE MACH CONE ORIGINATING AT THE APEX OF THE CONE, N=1| AND

de/dd:= 0.
T2 UPWASH OF A CONE INCREASES WHEN § , THE HALF ANGLE OF THE CONE, |S DECREASED.
FOR EXTREMELY SMALL VALUES OF S3) AND oF /3r/X, THE TWO FUNCT!ONS LI(N)AND W(n) Teno

2
TowarD NZ Anp R RESPECTIVELY, SO THAT!:

de n2 ] R 2
dod N2 p

THIS 1S THE CONVENTIONAL RESULT FOR INCOMPRESSIBLE FLOW PAST A CYLINDER; THE VELO-

CITY DISTRIBUTION IN A PLANE PERPENDICULAR TO THE FLOW IS DEFINED BY THE LAW]

’ \w\ : ‘ w+v=(|+—'}:—)v

\ 1 v THIS SHOWS THE CONSIDERABLE INCREASE

tv

IN EFFECTIVENESS OF A WING ATTACHED
TO A CYLINDRICAL FUSELAGE, IN A REGION
F1GURE 1
OF THE FUSELAGE SUFFICIENTLY DIiSTANT
FROM THE END CONE:
THE EFFECTIVE ANGLE OF ATTACK 1S DOUBLED !N THE VICINITY OF THE FUSELAGE, AND 1S

INCREASED BY 50% AT A DISTANGCE FROM THE FUSELAGE EQUAL TO 41% OF 1Ts DI1AMETER. (F16.1)

GENERAL CASE:

IN THE GENERAL CASE, IT IS KNOWN THAT THE POTENTIAL @, CAN BE WRITTEN IN FORM!

¢, * ‘z"ﬂzc?s or ?3‘ K;[W(%‘L)—W('%STL)]

WHERE Ki ARE THE OERIVATIVES OF THE DOUBLET DISTRIBUTIONS, THESE DERiIVATIVES ARE

ASSUMED TO BE CONSTANT IN THE CORRESPONDING INTERVALS { 5icy §1)

WHERE

Si= Xi-BRi
X{,R{ BEING YHE COORDINATES OF A POINT P{ ON THE MER!DIAN OF THE SURFACE, AND

{ =N BEING SUCH THAT X=§.>0 : :
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THE POTENTIAL CAN BE PUT IN THE FOLLOWING FORM, WHICH |S MORE CONVENIENT FOR NUMER-

.
M

AL COMPUTATlONS, IF A GREAT NUMBER OF POINTS A'RE TO BE INVESTIGATED: Ve
1=n- £- . x..g
VRS U 0 S - “)
02+ Brcos 0 r [k ¥ (25) +E(K Km'r(—,g—iﬁ )=k ¥ ( 5y ]

THE CONSTANTS K ARE DEFINED BY THE FOLLOWING RELATIONS ON THE SURFACE OF THE BQDY:

Vs ('3%‘)50- 24 :Z‘\'Kl[w( Ko fie) - o ( Xk

AND THE DOWNWASH GOEFFICIENT de/def 15:
X = 511 }
¢g/f - ZK {\P ,6! )

—d¢’2/dr- < {w ﬁRn “’(""g‘“x,aan )}

|T 1S ASSUMED THAT THE LODY HAS A CONICAL NOSE, THEN FOR THE NOSE REGION

de .
d

| 2 .
V="é',@ K.u('-g-), WHERE E= X/R I'S THE SLOPE OF THE CONE SURFACE (TANGENT OF HALF ANGLE)

A\

o VE)E RSN R v(5e)
“ o(3)

WHERE K'L ARE UNIT VALUES oF Kj » BASED ON K,=| AND DEFINED BY:

()-8 7 [oo Bl ) oo (325

THEN:

NUMERICAL RESULTS AMD_PRACTICAL CONCLUSIONS:

(A) CoNE _OF REVOLUTION ' C

TABLE | GIVES THE VALUES OF THE FUNCTION de/do(:

3

~de ., ¥n)
def W)

THESE VALUES ARE PLOTTED IN CHART I. |T 1S APPARENT THAT FOR SMALL CONE ANGLES

(SMALL N VALUES), THE DOWNWASH DISTRIBUTION IS APPROXIMATELY GIVEN BY THE EXPRES-

2
S10N Nz/n .
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(8) GENERAL CASE
TasLE TL 1S AN AUXILIARY TABLE OF THE TWO FUNCTIONS W(X) AND W (X):
W(X) =XVX?=1 + arg cosh X
Y(X) = XV X*~-1 —arg cosh X
T CAN BE APPLIED TO THE DETERMINATION OF THE DOUBLET DISTRIBUTION CORRESPONDING
TO A BODY OF REVOLUTION AT A SMALL ANGLE OF ATTACK. THIS APPLICAT!ION HAS BEEN DONE
FOR AN OGIVAL SHAPED BODY, WITH A CYLINDRICAL REAR PORTION.
TasLE TIT INDICATES THE SHAPE OF THE BODY AND SUMMARIZES THE RESULTS OF TSIENS
METHOD (DOUBLET DISTRIBUTION).
F1GURE II SHOWS THE SHAPE OF THE BODY OF REVOLUTION, AND THE CORRESPOND ING

DOUBLET DISTRIBUTION.

M:VZ 1,414
| |

.03 —
/ -DOUBLET COEFFICIENTS
02 —
/
/
|
D

004 e r

0l wm

N\ e

oo —

STATIONS _

—=.02 FDCUBLET COEFFIENTS DERIVATIVES

Firaure JT - ExampLe OF UPwAsSH ANALYSIS
CHAKT L SHOWS THE UPWASH DISTRIBUTION AT SEVERAL STATIONS. THE REPRESENTA-
TION OF THE UPWASH GIVCN IN THIS CFART DOES NOT ALLOW A SIMPLE COMPARISON WITH THE
|/r? DISTKIBUTION AND WITH THE RESULTS ESTABLISHED FOR CONES. FOR THIS REASON,
TWO OTHER CHARTS HAVE BEEN PLOTTED.
IN CHART JII THE ABSCISSCS ARE THE RATIOS /R, INSTEAD OF THE VALUES I USED

IN CHART II  THE CURVE FOR THE UPWASH AROUND A CYLINDER 1S ALSO SHOWN, AND IT 1S
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APPARENT THAT THIS CURVE IS GIVING A GOOD REPRESENTATION OF THE UPWASH DISTRIBUTION,
EXCEPT IN THE FORWARD PORTION OF THE BODY, WHERE THE MACH CONE 1S NOT OISTANT FROM
THE SURFACE OF THE BODY,

IN CHART II THE ABSCISSES ARE THE RATIOS I'/BX, INSTEAD OF THE VALUES I. THE
DOTTED LINES ARE CURVES TAKEN FROM CHART |, AMO INDICATE VERY CLEARLY THAT THESE
CURVES CAN BE USED FOR ALL PRACTIGAL APPLICATIONS INSTEAD OF THE VALUES CALCULATED
FOR THE OGIVE UNDER CONSIDERATION. |T IS THUS APPARENT THAT THE UPWASH DISTRIBU-

TION AT A STATION 1S MAINLY A FUNCTION OF THE RATIO R/BX, 1.E., OF THE RATIO OF

THE RADIUS OF THE BODY TO THE RADIUS AT THE SAME STATION, OF THE MACH CONE OR!GI-

NATING AT THE APEX OF THE BCDY OF REVOLUTION. THIS STATEMENT SHOULD NOT BE CON-

SIDERED AS ABSOLUTELY GENERAL, BUT 1S PROBABLY A GOOD INDICATION FOR DESiGN PURPOSES.

IF THIS PRACTICAL CONCLUSION 1S APPLIED, IT BECOMES UNNECESSARY, IN ORDER TO DE- e
TERMINE THE UPWASH DISTRIBUTION, TO KNOW THE DOUBLET DISTRIBUTION WHICH REPRESENTS | '
THE BODY OF REVOLUTION. IT 1S SUFFIGIENT TO CALGULATE THZ VALUES of N=R/BX a: THE

REQUIRED STATIONS, AND TO USE THE CORRESPONDING CURVES IN CHART I, WHILE THE VALUES

OF N ARE DEFINED AS n=n43x . THIS DEFINES VERY RAPIOLY THE COMPLETE UPWASH DIiS-
TRIBUTION AROUND THE BODY,

GENERAL CONCLUSIONS:

THE UPWASH AROUND A SUPERSONIC BODY OF REVOLUTION |S AN IMPORTANT FACTOR IN
THE DETERMINATION OF THE LIFT OF WING OR TAIL SURFACES ATTACHED TO THE BODY, ESPE-
CIALLY IF SMALL SPANS ARE USED, IN THE VICINITY OF THE FUSELAGE, THE UPWASH MAY
INCREASE THE SLOPE OF THE LEFT GURVE BY AS MUCH AS 100%, AND FOR SMALL SPANS, THE
AVERAGE |NCREASE OF THE SLOPE OF THE LEFT CURVE MAY BE OF THE ORDER OF 25% OR 50%.

VALUES OF THE UPWASH DISTRIBUTION AROUND CONES OF REVOLUTION ARE GIVEN IN
TasLe I AND IN CHART I, AND NUMERICAL APPLICATION OF THE GENERAL METHOD OF ANALYSIS
TO A BOOY OF REVOLUTION SHOWS THAT THE VALUES FOR CONES CAN BE USED AS FIRST
APPROXIMATION TO DETERMINE THE UPWASH AROUND OTHER SHAPES OF BODIES OF REVOLUTIONS,

WITH THE PROBABLE EXCEPTION OF BODIES WITH HIGH NOSE AND CONE ANGLES.
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FUNCTIONS W (x) AND w{x)

! X W(x) W(x) X (x) Yix)
1.0 0.00000 0.00000 1.80 388690 1.50108
1.02 0.L.0L69 0.0053 1.82 97377 1.5613
1.04 0.57900 0.0151 1.8l E.o 117 1.62273
1,06 0,71756 0,02796 1.8 10913 1.68499
1.08 0.85795 0.04317 1.88 ly.23765 1.74819
1,10 0.94766 0.06052 1.90 IL4326 1.812
1,12 1.ghgou 0.07958 1.82 ﬁ.2167h 1.877 H
1.1k 1.1471 0.10083 1.9 1 50667 194307
1,05 1.2403 0.1253ﬁ 1.9 u.59gs5 2,010U3
1,18 1.33053 0.14783 1.98 1y .68899 2,07833
1,20 1.4183h 0.17362 2,00 «78106 2,171k
1.22 1.%0%?& 0.25388 2,02 ﬁ.g 375 2.2&289
1.2k 1.5888l, 0.22952 2.0% 11..96705 2.28755
1.26 1.67219 0.25951 2,0 5 06099 2.35913
1.23 1.75L61 0.29083 2,08 5.15555 2.1,3163
1,30 1.83629 0.3234L3 2.10 5,22026 2.5050
1.32 1.91&&2 0.35728 2.12 530660 2.5725
ted 199011 | 0.59835 | 214 5114309 2.65L517
o3 2,07851 0.1:2863 2, 5.54025 2.75071
1.38 2.15868 0.46608 2.18 5463805 2.80775
1.0 2.2587 0.50470 2.20 5.53652 2.88568
1.42 2.5187§ 0,516 2.22 5+8355 2.96051
1.l 2.298 0.585%6 242 5 ¢9351: 3 0Ll 2l
1oly 2.1,78 g 0.627 2.2 6.03591 5.12%8g
1.48 2.5590 0.67033 2.28 6.13706 3,206%
1,50 263907 0.71163 2430 6.2388 3.2887
1.52 2,72009 0475989 2432 3413 343720
1.5 2.80095 0.80621 243 . é 315626
1.5 2.88209 0.85357 2¢3 6.5&82& 3.50132
1:58 | 2496356 0.9019 2,38 665300 3.62726
1,60 Ol 0.951L 2,10 6.75826 %,71410
1.62 ?.1%323 1.%3193 2,ﬁ2 6.g2u20 3.50%80
1.6 3.21011 1.053%9 2,4l 6,97086 3.89000
1.6 5429309 1.10589 2.u§ 7.07822 «97988
1,68 3+370L9 1.15939 2.48 7.18626 07020
1,70 3.0,603) 1.21588 2.50 742950 L 161L3
1.72 5511167 1426937 2.52 %.uoB%g lio2 328
1.7 5.623&1 1.32583 245 751166 u.zhé
1.7 e 1032350 2.5 7.6255 1111029
1.78 3 «80058 1.41170 2.58 1737 ly 53500
1.80 3.88690 1.501.08 2.60 7 8Ll L 632056
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X W(x) Wix) X W(X) Yix)
2.50 7.8L9L1, li.63056 3.0 12,9325 9.15413
2.62 2962015 h.gaé99 312 15.08590 9.23&52
2.6l 07621 i .82h2 5.&% 15.2293) 9.41576
2.66 8419066 lL.922 3 13.37355 9.5%7 5
2.68 8 .30585 5.02149 2.18 13,51851 9.68077
2470 8.4217L 5.12136 5450 135.66120 9.81450
2472 8.53839 522213 34,52 17.81068 9.94910
2.7% 8.65575 532373 5.5% 13,95791 10,0852
2.7 8.77382 5..42620 %45 1l .10591 10.22057
2.78 8 .89266 5.5295) 3,58 1h..25066 10.3578L
2.80 .01219 63371 3,60 1.0l 10.149575
2,82 3.152u6 g.g"séé %°62 1%.55&&5 10.,63451
2.8 9425307 5e ﬁh 5 5»6% lh-gosh9 10-77909
2.86 9437521 595141 3.6 285731 10,9151
2.88 99767 6.05901 2.68 15,00990 11.05576
2.90 962089 6.1671.7 3.70 15.16321 11.19781
2.92 9.g 18 6.27679 3,72 15.31732 11.30072
2.9 9 ﬁs 6.38696 2.7 15.1.7218 11.48LL6 .
2. 9.9949 6.19796 3.7§ 15.62781 11.6290%
2,98 10,2211l 6.6098l; 247 15.78L25 11.77L45
3 10,2480k 6 .7225L 15.9410 11.,92066
3402 10.37567 683609 16.09935 12.06725
3 10.50L07 6.95051 16.25806 12.21562
2.06 | 10.53322 7.065g6 1641751 12,3603
3 10,76309 7.18185 16.57776 12,51386
3410 10.89373 7.29881 16.7387 12,66L25
3.12 11.02510 7.11660 16,9005 12.815L2
3 11.15723 753525 17.0630 12.967hL

o 11.29011 7.650.73 17.22642 13.120%2

11.4237h 777506 17.390L9 13.27397

11.55811 g.89625 17.355 6 13,2848

11 .69321 01823 17.8870 1 .73398
3 11.82909 8.1%10 18.22252 1l1.050.76
3 11.96570 8.26L.7 18.56076 1l1.57288
3 12.10310 8438930 18,90205 1l .69427
3450 12,2h12 8.511169 19 .2L6L.7 15,01897
2432 12,3801 8.6%090 19,5939 15.3L695
5.3% 12.5197 ) s.g 797 199445 16.67822
%43 12,6601 8.8958L 20.,29825 16.01229
5438 12.80132 9.02[,56 20.65505 16.35065
%0 12.9/;525 9.15413 21 .01495 16.69179
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X W(x) Wix) X
Lo | 21.01h95 16.69179 6.00 3.
ol | 21,3796 17.0%622 6.0l 3]
R TR 0
L3¢ | 23.654¢ 1g:g&322 6.16 59.9568 L.
lL.60 | 22.86112 13.h&628 L 6420 1.0,
.6% 2% 423969 18.80761 6.2 o)
o6 2?.62159 19.17173 6.2 L.
Le72 | 24.00620 19.5%912 6432 .
Lot | 2le39h13 | 19.90979 6.6 L2
Lo30 | 2lL.78518 20,28372 610 .
i 2§.Z7836 20.6587u 6.%% ?E
.88 | 25.57667 21,021 6o i O
.92 25.9770 21,1251 6.52 hly,
1t.96 | 26.5006 21.8121 6456 L5
5.00 | 26,7873 22.202 6.60 0.h826
5.0l 27.I9$§ﬁ 22.596%3 | é.éa 2 : A .4 6 ]
5.08 2&.61009 22.,99283 | 6.68 6 111 .53%295
5.12 | 28,0261 23.,%9291 | 6.72 6
5.16 | 280153 25.79626 6.76
5.20 | 28.86772 211,20286 | 6.80
5.2% 29 .29320 2&.61232 6.8% 118 .893L);
225 | 2080 | s2:Ee ) e ’
%:36 %0258522 25:*%188 6.96 LS.
5.0 | 31.02650 26.281.78 7.00 L5.
5.&% 31,1675 26.7;09 7.0% yé.
2 | Bionte | At | 1 K
2156 | 32.83008 25260893 7416 ug
5.60 | 33426379 28.44811 720 118
5.6l | 33.72069° 28 .,89053 72 L9
5 .68 3ﬁ.18072 29 +33%620 T2 L9
5.72 | 3L.64391 2973513 Te32 50
5.76 | 35,11023 504235731 736 50
568C | 35.57971 30.69273 Telt0 51
5.8% 36,05235 31.151l1 Tolgls 52
200 | Iogee | ewas | T %
5.96 | 37.18913 | 32.54693 | 7.56 55.
6400 | 37.97437 3%.01859 7460 59 9TL75 5Ly,
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WIx) Yix) X LX) Yix)
0 | 59.97475 5l 54087 .20 | 87.0L78 &1,
b 60-53921 Bolsel | 9i5h | orrdlsd | B1ioeass
o | 61.20777 9919277 9.2 85.53502 82.56938l;
2 | 61.82902 56,3635 9.32 | 89.28337 83 .58
6 | 62.:55L5 56497755 9.36 | 90,03L90 82.181
0 | 63.08107 57 59479 L0 0.78960 I
L 62.7118& §g.21226 8,* 81,§h9h8 35,23258
5 2L579 58.83895 9y 92.30&5 86 .129016
2 | 6lL.98292 59 J16586 9.92 | 93,0727 87.1852)
6 | 65.62322 60.,09600 9.56 9% 84021, 87.9LL23
0 | 66.2666 60.7293 .60 61082 88 .706
b 66.9125% 61.36522 8.6h 8%.58&61 88.&71 7
8 | 67.5651 62,0057 9.68" | 956.16158 90.2052
2 | 6£.21619 62 .61,5€3 9.72 | 96.9L175 91.01259
6 | 68.8723%3 +6% 429509 9.76 9772507 9178747
0 | 69.55167 | 65.94459 .80 | 98,51161 2.56
% 70.19419 6ﬁ~5972 8.8% 89.20131 3 .%u%ZS
70.35988 6542532l 9.88 | 100.09L419 ol 13201
2 | TL.52876 65.91240 9.92 |100.89027 91 .91597
6 | T2.2C: 66 457179 9496 |101.68952 95,7111l
10 | 72.8760L 67,2500 10,00 |102.49196 6.50552
i 73-55&&& 67.90922 10,10 1ou.5§186 88.202?2
8 | Tu.25601 66.58129 10,20 |106.55189 | 100,52556
2 | 492077 692565 10,30 |108.61172 | 102.56580
6 | 75.60870 6949350 10,40 | 110.6920) | 10l.52620
0 | 76.29980 70.61678 10.50 |112,79118 | 106.70670
L | 76.99L09 71430173 10.20 11&.53102 108,506go
8 | 77.69156 7196990 1 10,70 |117.0505, | 110.952807
2 | 75039221 7268129 10,80 |[119.20962 | 113,068l
6 | 7909603 13437589 10,90 |[121,38873 | 115.22913
0 9 .80302 Th..07572 11,00 |123.58792 117.4.0998
% 30,51521 7u.77&77 11,10 |12 .80720 115.?1%80
| £1,22656 75 J1790L 11,20 |128,0l601 121.83190
5 | 81.9L311 | 75.1865 11.30 |1%0,30493 | 1201.07299
6 | 82,66282 76,8972 11,40 132.58379 | 126.33415
0 | 83.38572 77.61118 | 11.50 |13L.88255 | 128.61
Iy 8l 111179 T8.3283% | 11.60 137020113 130.912%3
| el.8L106 79.0L870 | 11.70 133.55971 133 .23853
2 | 85.573L8 59.77228 11.80 |1[1,8933¢ 1%5457975
6 | 86.30910 0.19910 11,90 |1l .27638 137.94122
87.04789 81 .2291% 12,00 |1L46.67542 1L0.32282
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APL /JHU-CM-251

CVAC-CEVF Memo BB-6 —12-
Oate 5/27/46 FUNCTIONS Lo (x) ano ¥ (x)
| X LHx) Yix) X QW(x) Yix)
12,00 | 1i6.575h2 1Lo 32282 16,00 | 258.96L22 | 252.03472
12,10 | 119.0937 142 72 3 16,10 | 262,180 255 .23%8L5
12,20 | 151.5320 1h5.1L 16.20 268 %1 éZ 25 46222
12,30 | 153, 29027 1U7.5 06 16.30 261.70607
12,40 156.46837 150.0L995 16.50 271.9&897 264..96997
12.50 | 158, 6 152, 53187 16,50 | 275.2L50 268.25%92
14.69 5 .%8u39 125 0%%90 16 20 7 6;1 ¢71 5§788
g 16 0222 157, r5606 go «39715 .8
12. 0 | 166.580%2 160, 098 1 .80 gga 5316 g 22 90
190 169.15815 162 ,660L1 16,90 62917 281, 59001
13,00 | 171.7558! 165211261, 17.00 | 292.02510 2 h°97%1u
13,10 17&.373L§ 1678490 17.10 | 295.hh3101 3782
13,20 | 177.01111 170.& 727 17.20 298 682 291 80
13630 159 66875 17%.1097 17.30 | 302.%2%2 295, 7
13,10 .3&635 175.7723 17.L0 | 305.80 29 .71091
13,50 185 0%37& 1 8.L5L9l 17.50 | 309, 0115 302.19516
15,60 187.7 181.15752 17 €0 312 81987 305.699L5
go 190, u9eug 18%,38016 g 160,5552 309422372
3 195.2557 186.62285 7«80 9,91110 312.76800
15.90 196.0%505 | 189. 38559 17,90 32; L8858 | 376.33236
11,00 | 198.83025 192.168%9 18.00 | 327.0823L 219.91676
1L.1o ?01.627 6 19)1..97126 18.10 | 3%0.£979% 323%,52125
0 Sk | BOE | a8 | Zrae | iR
. 2 z 5 o/‘ (Y] L]
ﬁ«+o 210.218i7 203, 50015 18 Eo 321.66 5 23115497
1%. 0 | 21%.115L1 205,.%83%2 18.50 | 3L5.35986 338413957
°20 212.05230 203.282?2 18 20 §u3.0352~ 2. &LL0
g _18.96915 212.209 Z go 35248105 2115 .5 _6§
14. 0 ’21,92590 21 15269 1 .80 | 356,565 309 .,21%2
190 | 2211.90273 .11599 18.90 | 360,2,101 355 ,07801
15,00 ' 227.89948 221.0 19,00 | 36L..13661 256 .86285
1%«10 »93.932%7 zau.1%3$§ 16,10 567.93191 360,66765
1sozo 935.95281 227612611 19 420 571.Z 71h 36%.u9zuo
?o 7 0092 | 230.16956 19430 | 375.6L251 | 368.23717
15. 0.08595 23%.23305 1°-ﬁ0 3794517 572.20192
15,50 | 243,182 236,31658 19.50 | 383.41252 | 376.0867L
12020 3#6 298%% 2§; 2835 19-30 387432763 3 9-99159
15 0 249 Jy3526 242 5 570 19« 0 391.26273 503 -9113
15.80 252.59161 2l % 732 19.80 | 395.21785 | 387.861L7
15490 | 2557679l 85100 19490 | 399.19293 391,826l
16,00 | 258496422 | 252,03472 20,00 h95.18805 595-81155




APL /JHU-CM-251
-13~ CVAC-DEVF Memo BB-6
DATE 5/27/46

TABLE TIT
(Sce Fioure IT)
EXAMPLE OF UPWASH ANALYS!S

M=1.414
(1) (2) (3) (4) 5) (6)
i ]
1 149 0.851 0212 .0180 VA
2 282 1.718 0149 .0310 124
3 .392 2.603 0077 ,0378 .105
4 469 3.531 -.0035 .0346 072
5 500 4,500 -.0162 .0189 .025
6 513 5.487 -,0121 .0069 ,003
7 524 6.476 ~.0034 10036 003
g 534 | 7.466 0006 | .0042 008
9 .540 8.460 .0011 .0053 004 -
10 540 9.460 .0026 .0079 -.001
NOTES:
(1) X = STATION
(2) R = RADIUS AT STATION
(3) ‘§= STATION FOR DOUBLET DISTRIBUTION
(4) K= DOUBLET STRENGTH COEFFICIENT DERIVATIVE
(5) = DOUBLET STRENGTH COEFFICIENT

(6) dcp/ﬂa= PRESSURE COEFFICIENT DERIVATIVE (FOR MAXIMUM LOCAL PRESSURE

AT A STATION)

e e e e —— -




APL /ohU-CM-251

CVAC-CEVF Memo BB-6 =14~
. € 5/21/46
CHART |
UPWASH AROUND A CONE AT SMA..L ANGLES
OF ATTACK

UPWASH RATIO AT A:

DETERMINE (1) N VALUE FOR THE CONE M = MACH NUMBER
(2) n VALUE FOR POINT A \ N=fB:TANW
, (3) ENTER CURVE n n=/B3°TAN 6
05 (4) READ ORDINATE -d €/d W= Y CONE ANGLE
10— CORRESPONDING TO n € = UPWASH ANGLE
ALA o = ANGLE OF ATTACK
RBE
N2
_de g 4
d |\ ples 4
NG
7 =€
\\ LI N2 ] e

o

[
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'/

N\ .
N 2
| \\ \\\ \\ \:\j\\EN\\\l\\\\‘\ \\ln"g
e N N A N
< \\: \\‘\Qﬁé § :§§ MACH CONE
0 ! 2 3 4 .5 6 -?.:7 .8 9 1.0
n
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APL /JHU-CM~251
-15- CVAC-DEVF Memo BB8-6
DATE 5/27/46

CHART IT
UPWASH DISTRIBUTION FOR THE
BODY OF REVOLUTION SHOWN IN FIGURE IT




APL /JriU-CM-251 —16-
CVAC-CEVF Memo BB-6
DATE 5/27/46

CHART IIT
UPWASH DISTRIBUTION FOR THE BODY
OF REVOLUTION SHOWN IN FIGURE IT
COMPARISON WiTH THE UPWASH OF A CYLINDER

? NN
8 ubﬂ‘/i;lo
UPWASH luﬂ{«ﬁs | |
_dE . ﬂ‘
d L] e [ N
RN | !
.6 i i\,‘\\\l | | ; |
Wi . |
P
1
Tl W |
W PP
3 IR\ EEEEEER
! 1\\\\1 _Y UPWASH FOR CYLINDER (R/M?
T T TR ] l |
IERFNA\N x I
T 2 m
HERE ITm: .-
0 | 2 7 8

r/R
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APL /JnU~-CM-251
—17- CVAC-DEVF Memo BB-6
DaTE 5/27/46

CHART IL
UPWASH DISTRIBUTION FOR THE BODY OF REVOLUTION SHOWN IN FIGURE II
COMPARISON WITH UPWASHES OF CONES HAVING THE SAME APEX

AS THE BODY OF REVOLUTION, AND THE SAMS RADIUS AT A GIVEN SECTION

UPWASH FGR THE S0DY
OF REVOLUT'ON

AR —— — UPWASE F37% ONES
1.0 i : (FROM wis 711
/ NX:6 P
- 4t Ay
der .Q L
Ir lI/ _‘J'.IS
8 1
T .
S
ix L_ x =1
I
i
z‘r !
TR
.5 \
\‘\ WAL 1 Ixes
W4 )
L
R ELTAY |
2 \ \ X
\\ V\\ ‘
I X:\IO \\\ \\ ‘QL\\
RN X N
\\\~:.§§~’!:§:7‘- T [MACH CONE .
] N::‘:f—i;:{:&k S e e )
0 J .2 3 4 .5 6 .7 8 .9 1.0 ¢

°f |
P SRR e gt e S aaaeter R o ox i i N ~ >
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