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TOREWORD

This is a technical note pertaining to missile tank geometry.

It provides a list of formulas that may be referred to in reports
and other technical pepers vhere their development is incidental.
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SIMUARY

\l

Mathematical relati-ns are presented pertaining to various

nissile tank and bulkhead oconfiguretions, Although scme of these
relations are available in handbooks, they are inoluded in this
technical note together with a number of nevly derived formulas.
In this manner a comprehensive summary of equations is obtained,
permitting mpld ocomputotion of volumes, surfaces and other
geometric characteristios of a great variety of shapes,

The purpose of this teshnical note {s to eliminate the need

for repeating the derivations of frequently used equations in
prelininary design and layout of missiles,

L

\

PORN 1018 =4




. I O OV A

ANALYSIS CONVAIR PacE iy

PREPARED BY saNDitGo | REPORT NO. ZP=7-022 TN

CHECKED BY MoDEL 7

REVISED BY DATE 2-l4=56
ZNIRQRACTION

Reports concerning missile tank gotnctry have been compiled and
it 1s expected that studies of this sert will continue, The studies
indicate the necessity for e list of reference formulas applying to
tank geometry that may be drawn from and referred te, eliminating the
need of developing them within a :eport or the repetition of their
develoment in relsted reports, Althougk 1t is felt proper to make
caloulations within a report, geome‘ric formula develepment is
inoldental at the time of writing and should be available elsevhere,

This techniscal note is presented for the purpose of fulf{lling
this requirement and effort has been made to inolude a broad renge
of mathematioal expressions to meet the needs of missile tank
designers,

These formulas presented sonsist of mathamatioal expressions for
tank and bulkhead volumes, their surface arees and other pertinent
geometric information that is not readily available in standard
handbooks, Formuilas for partially filled tank shapes are inoluded
along with those of partially filled bulkheads, .

In general, this report is aompiled for use with studies pertaine
ing to the 3M-65 vehicle, however, it inoludes geometries for other
shape tanks and bulkheads that may be used in future development
studies,

No attempt is made by this report to qualify the ehoise of any
particular tank or bulkhead,
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&MIBODUCTION (oontfa,)

The first part following this introduction  contains a
somprehensive list of formulas togetier with reference mmbers vhieh
may be referred to in teechnical studies. Mech of these formulas
refer to 1ts origination whether "olassic® or vhether derived withim
this report, If it 1s derived within this report, its loeatien is
referred to by page mmber,

The necond part 1s devoted to the derivation of the uncomuon
formilas referrsd to in the first section, They are presented in o
form that gives the designer an understanding o: the findamental
9 derivation and sllows hin to change the formulds original paremeters
wvithout time gonswmning effort,

The formulas contained in this report have besn checked,
However, errors may exist and their appearanoce should be brought to

the authors attention for eorrection,
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Vi IS TOTAL VOLUME
St IS TOTAL SUREACE A (EA
CONE FRUDZTUM TANK REF., PARES & 47
I | S 3_ o3
- 3TAN°(<R R')
- ML (R, + R) *
Con o<

[

M(R+RDVLT + (R-R,)®

3) Vier h,f’ﬂh.(Rz- Rh Tan ol + & hi Tan?x)

CYLINDRICAL TANK (cu;';’:;\':. FORIMULAS)

| RO LY
t’* (5) Ve = TR2h
(G) S.= 2T RL ¥*

0GiVE TANK (CIRCULAR) REF. PAGE &

(7) Nerdy= T [Kd- K{ VT
+2 s} + 0 -5 d’]

__}; ®) Seedy= 2TALd-K Sm"(%-)]

XNATE = Tahe ML ARG HOT LU PUED IN SURF., AREAS
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SPHERICAL BULKHEAD REF., PAALY 9,104
M-, . |

|
1T (;o) = TfH(H +5R‘)

) N= B—
(12) s5,= Z’HA.H

vse eqv 1 Twics ‘lj"—)u'd'{‘é*'_ﬂij—m‘}

(‘3)»0\ Eeofl.

A= H OR h =Va2-R?

z
ELLIPTICAL BULKHEAD REF. PAGES 12,3414
(IN CyLINDRICAL TANK)
) = 2.:’;; 2 QL
'_:J'__:*"\”i v () i mmR
- )h~1— (’5) V(OFh) Wh(R)(a- 3h)
R R ¥ '
(6) 5, ’H{QVZOHR**F‘ [Loq(ar. HEETRY - oG ]}
c, = Kf K,z WHERE K, * R/a
Loa 1S oF RaASE “€”
(17) RAz10s ofF CURVATURE (P) DIST. X Asove
BASE PLANE 3
e ¢ IR dxte -]

KE R

* NOoTE |- BOLKD BAZE 12 T INTLUDED IN DURF. AREA
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IN CONE FRUSTUM TANK) Ioa., 1Gb 17
(R Rav03) + _]_ Q= R TA!.,! o , Kzfaé.
BE = X TAN X
:‘_[ VEE F o TANZK.
R|= -g- az -

SINTERSECTION LINE OF BULKHEAD
WITH TANMNK

ol * ANGZLE. OF CONE. FRUSTUM TANK

(18) Vi (TOTAL VoL, OF BULK'D FROM BASE [TaNKS
C INTERSEITION] To APExX)

= W(?E‘ z[a’(q-C) +1(ca)]

(]9) vV (VOLUME FROM BATZI. T0O h")
il TT(%)T@(,,-Q +J3-(¢_3~h3>}

(20) S (SURFACE ARZA OF BULK'D FROM BASE
ETANK'S INTERSELTION] To APEX)

2.
S= ] aVGaTE +1”—<:": s (aVS, +YC,054 b )
- Yo, +p - 7%: Lo (CVC, +V¢,C%4 b‘)]

AL+ BOLKD MINOK SEMI AXIS (HEIGHT)

b= " MAJOR  n "

c PIST RPETWEEN MAJOR AXlS AND BULK'D
nNTERsamou NITH TAIK = Ry TAN e

c,= - K5 WHERE. K, = /a
LoGg u BAS& e

n
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K (Lees 0F "N "center) -~ K 4

Ay {oonEn BASE RARIIS)
= Vr (Swavesp cone)

(2,) VT" \/l + VII
V, = TTSh(/&Jr K+ KAV + 2% :m"(%)]-gj}
Vo= AT RiCoT &

C (G s5=1:z3;+5; /J

S ZTI/L[K Sm"(%-) +h] Coreos)

< - Lﬂg -
~rr SIN (Leng)

PARABROLIC., BULKREAD REF. PAGES 20 84l

(w-'_ft - O em.

u

a (23) Vr:y UR'a
<2.4) V(or-' h) = —'-?_Tngh[Z -g-]
- R (25) S, = éTrRa[(ME:)%’(%f]
(27) RADIVNG OF CURVATURE (?)
f___. ] | ( 2 3/2
ZRa \4ax +R )

X = VERTICAL DIST FROM VERTEX To
WHERE § 1S DEZIRED (0N THE SURFACE)
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: (z8) Vr= 2% b a® = 12729 b o2
i 7
k2'3> PARTIALLY FILLEL ToRUZ TO h, (Note -
i hu MAY B + or -) VoL . OF LiQuiD=
C Vi= 27 b [ KATTRE + sk + F ]

he
| K= Vo
(20) S:=41*ab
(31) OUTER SKIN SURFACE AREA. OF 2 hq

TOTAL WIDTH AND SYMMETRICAL ARouT
THE HORIZONTAL CENTERLINE,

o™ 4Tma [b SN"(QL‘) + h,]
(32) INNER SN (2 he wibE)
047« [b SIN-‘<%S> - hS]_
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CONE. FRUSTUM TANK

L,‘ »Q.L = —Ql
- - R
T TAN ol
_ - R . R
Y= X TAN & T R A e
YoruMme (ENCLOZED FrOM R, To R)
R
V, = ’nf 4 Ay = 1 " X2 Tan2x dx
( - Pz
3
= M TAN*x lé— ]AM
TAN
= ’TT TANX (TAN"‘& - TAN’O<>
= _.__’H

3TAN (R“ _ ) oR-lg"(R+RR +R)

SURFEACE. AKE.A
\ L,
ES‘ < ) 1Ttuux

= 0 l~-| (R\"} K
oy oj‘) or = MR+R)2+(R-RY
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CoNe. FRUsTUM TANK. (ConT'D)

PARTIALLY  FILLED TANK N TERMS OF RASE

Rabius (R) |, Cone ANGLE (X) AND HEIGHT OF
LIGUID (h) ABOVE. TANKS BASE .

Y = R = X TAN o

:7 ¢ TANK |
L—— h, —»

U VoLume o To h,

v wf

/( XTAMK) J/( |
w[ (R*- ZR X TaNx + Xt TAN‘»()JX
T R*% -Rx*Tan < + £ X TAn’x]

rh, [R- Rh Tanx 4§ 2 o]
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(RADIUS Nose)

é ﬁT X+(Y+ ). A2
‘Ft 4‘—7_3'- W ==k + {FX
i i 2—'4%['- MR
L/

| 5 VOLUME " (E.M..,I_O';;:.D o 'd”)

Ve [yt di e[ T Y
/ ’T/J(h-;?.j\.m + N X)o{x
1l Aix- 2he § {xNTEE 4228 sw(—,’{-)}
+ X - Lx’]d
P mlad s ALITREE -t sG]

4,3 - +d5T

sumeace Amea (re d) " d*.;“_i{_i_
_ /5 f i

S = 27 (L*WX)I'*LZ,(’-} JX

i 21 i), fie) A

VAECKE
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SPHERICAL BULKHEAD
(THE FOLLOWING APPLIES To A BULK'D

()

T FOR A CYLINDRICAL OR TAPERED TANK)
o - 1 = * MISSILE TANK RADIVS
N e | /u® BULKD RADIUS
)\ o H o= Buuk D HEVGHT
e ‘ H £ R KNown
S RS X+ MhailE A= ?
)(" + \xl - /\u’ ‘jz = /\J: - )(z
. N & ) z, I, . g
(./\_. -H) t RY= X or NF 2 A+ HAY R a4
H , K’

VoLuMmE
IN TERMS ©F, _BULKD HEIGHT (H) 4 RADwS (A)

V = TT/ H(J ,yJ" T(//(.,*/\.)JJ)L

= M <Af‘)f.- X")],NH |
-7 [ B Cgnwy - i)
= T L HAS = a0 L“——H-l] ﬂzﬂ (51\-H)

IN_TERMS oF Buudp HEIGHT (H) # Taux_Ra> R)
- 27N THE ABOVE FORMULA

<
H
S >
=2
‘I
‘_-_‘
[ ¢
I Y
+
w
ps)
(0
—d
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SPHERICAL _BuLKHEAD (Contd)

SURFACE. AREA

ne | —
seanfl gl a (T &
X tuyr= A2 '
2)(\2[)‘ +4lcl«1=o

dy . - X
EoR
5-271[ \/l+( " 4y
. / Wol%
= zwaV/L ey
27 [ A da
- A
= ZTT/LXJ,L-,..
= Zﬂ/‘u[/b‘@u‘H)]

= 2TAH

()

FOR HEMISPRCERE H-+ A

. 2
SeE ZTM A (HEMI3pHERE)
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SPHERICAL  BULKHEAD (ConTd)

VOLUME oF LIQUID N PARTIALLY FILED BuikD
IN TERMT OF LIQUID DEPTH (d), BULKD '
RADIVS (A) AND DisT. () WHICH IS THE |
DISTANCE BETWEEN THE BULK'D BASE f
AND THE CENTER POINT OF THE BULK'D
RADILS .

NOTE!IT IS DESIRABLE TO SHIFT THE X
AXIS TOo THE BULKDS RASE FOR REASONS OF
SIMPLIFICATION WHEN (L) IS INTRODUCED
INTO_ THE MATHEMATICAL EXPRESSION.

Ve oo [0 grdx Crz-xt- 2 Ax - A2) dx
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ELLIPTICAL BULKHEAD

MQLUME (ENCLOSED BY THE BULKHEAD
IN A CYLINDRICAL TANK)

. -i QAEM, ELuP EPUAT\ON

? PSZ + %

H"I

rs 2 2

| ' Z e <" - <K|7<)

1 ] / R

;..._"___If | (N /Cl

- '1_ R = TANK RADIUS

AL* BULK'D HEIGHT

VOLUME ENGozED To .

X o,

\-/ = TT/D 1‘“ i)ﬁ’a = /njo LR“"(\KQ() ] 3L)(‘

= Tl R‘t;v-:';\&’?.ﬁ:] K - R/

R\* [ 2 /A

VOLUME ENCAOTED To o CEMTIRE Bowb)
Vo= T LR{ RS N] (Frowm ABovE)
WHEN *3.  AND K, = %
® Ve w [RTa -4 Broa]

= %% 11 R*
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‘éQRFACF_ AREA _ (E;uucb IN  CYLINDRICAL., TMSK)V.
' wds R* = (K,x)* »
K, - Ra ]

,l»_._dL_ X Zﬁobn = - ZK:ZX dx
~ = gé _ kX

ds “V | +<%‘;‘-()z dx

P =27T:3V|+5:i—ff ol x |
c2n [ T CR dx B
=27 f\/R~-K*x’-+ KEx* dx
< 27 VR +(KI-K) X% o) x
LT ¢,7 K- K
“2m [ VST R dx
21 2VGTTR A+ 5 Loa (xTE +1aT @)
S= ﬂ{am +7§- [Loa(af“JrT“a.‘Tﬁ‘L) -LoG P\]l
.= BULKD HEIGHT R = TANK RADIUS

b Ci= KH-KY wneme K, = R/,
Loa. 18 TO RASE “@” .




Date c o N V A. ' R Page | o ] Pl.: ]
Prepared By -

Checked B SAN DIEGO, CALIFO o

® Revised Dote Model_ Report No. ZP-7-022 TN
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FADRILVE  oF cuURVATURE. (f)
g
, 2 2 2
L3 = R~ ( K, x)

[E I

j-‘-
D J

>

EEEE g

2
- -
e

[+ @T*
d

xl

1
(R® - KIxX*)2
- KEx (R-KAX?)®
_I
(R2-KEVECRE) = (- KEx) 3 (R=KExD) 2 2K2x)

R* =K, x*
CRE-Kx2) 2 [(R K)(“XK‘) Ckix)4 (-2ktix)
%
- K (R K2 x*) - KAx*: _ K R"

R <R= KX
[|+{ KJX(R‘ KEX) }]

(R - KEXT)R

“KP R

_ Rk (K- )Y®
K'z Rt.

¢t DB
LT
Vieg
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ELLPTICAL - BuLkHEAD  (ConTD)

VoLuMe (ENALOSED BY THE BULKHEAD
AT THE END OF A CONICAL

;\E FRUSTUM TANK )
e

T
* ~—¥ GEN ,,E‘L"\"\PT\LCA\" EQUATION
DS
b R, o b
| - !x 45 = b - (K x)?
R I e
£ e | I K, = %L
e f WHERE, .
e 3 ] b= MAJOR SEMi- AXIS
A= MINOR. TEMIL AXIS
A+ PROPELLANT LEVEL
c;&]@&& (INTERSECTION OF TANK WITH BuLk'p)
VOLUME ENCLOZED From ‘¢’ T1o A’
Iz L
V= ’IT)C :jﬂi,c = ‘rf [V - (K, x)‘] A
=T“[b’" - KL - Bl + %K, c]
[ Bh-) +hKIC fe)] g
X K, = /a
r, = @B [t hme) + 5 (=)
VOLUME  ENCLOSED From "¢ To ‘o
Ve mlE(a-e) 4t RS )] .
; K, = 2K
o (8 ada c-) rie-a)]



Pael__ | & |
CONVAIR = e
'm."‘ A SIVINIEN 07 ATNEESL UTHAMIT) LOSFONAT.ON
Checked :y, SAN DIEGO, CALIFORNIA ZP-7-0227T N
{“, Revised Dete Model__ _ Report No.

£

ELLIPTICAL E:uLKH EAD (‘C.omjp)

!

(BulkD AT END OF COMICAL FROSTUM TANK ConT'D)
o , .
GENERALLY SPEAKING. THE VALLE K, (RaATio!
OF MAJOR TO MINOR AXIS)IS PRE-DETERMINED
BY STRUCTURAL CONSIDERATIONS, ALSO THE
VALLUE. oF R, (RADIUS OF TANK. END) AND
oL (QONICAL FRUSTUM HALF ANGLE ) ARE
KNOWN FROM THE TANK, GEOMETRY. FROM
THESE (Kp, R, 3% ) THE BULKHEAD .

GEOMETRY MAY DBE SET AS FOLLOWS.

BULKHEADI MAJOR AxIS b7

4*s B =K, x) @Basic. equATION)
b=y wr+ (K, XY
WHEN u= R, X=C.=B"Ir?ft\'u"< ‘
b +YRY + (<, RIARLY r
- RVRIF Tan oy
ax Pk, ;

IF THE BULK'DS HEIGHT "H” BEYOND THE |
TANK  END 13 KNOWN IN ADBDITION TO K, R, ¢«
THEN , ; o
H= a-C (FROM FIGURE. OF PREYIQUY

a = H+_R.'F</>N9(
2
b Keao R - B
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ELuiPTical  BULKHEAD (CoNT D)

(BLLK'D AT END OF CONIGAL FRUSTUM Tank camy)

-

VALVE oF " C 7 aNd 'R

E 3 -
T],;:r"" _{ C= DISIAN(‘,E BETWE;E_M MAJOR
AXIS AND BULKHEAD
3 R INTERTECOTION WITH TANK.
: R,* TANKL AND BULKREAD
l INTERZEALTION RADIUS
ST 1 x (QAD)U" AT TOP OF TANK)
o * ke ' A= BULK.D MINOR. SEMI AXIS
Lm vl b = % MAIOR, " "
< 4% b (K X) Bulkd GENERAL FORMULA
K, = b/a

A
1 C SLOPE AT ANY POINT ON ELL PLE

2 .
2y = 0- 2K, X 3[)6 (DIFF. ©F ABTVE FORMUA)

dy . 2 U X 2 X
?rié— - "'-'Z"'i"“ ==K, 'T
ALLO Olﬁ = _TAN o<

TREN - TAN < = - K 'Xi
V\}HEN X = lig R‘

2 C

TA = ]

1 N X K, =3
O o= &{(AJ e

1]
!
i
i
1
i |
i
)
|

Canvan VYTY
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ELLIPTICAL BULKREAD (Contd)

CBULK'D AT END OF CoONICAL FRUITUM TAMK-Ccm'o)
Vatue of “C7 aAND TR (Cont's)

2 X
TAN L = K, & (FROM PREVIOUS PAGE)
WHEN X2 Q g b - (K, 2)?

X?_

TAM 2o = K T

Tani (b*KICH= K} et
(K& + KETan®)c= b Tantx

- b _TAN o< _ b TAN o
C = : 2 =
KoV KE 4 TAmix

-g— V —g% + Tan*K

- ai_-.r.ﬁ_'\!:':?.é_--_.
V B* 4+ 0f TAan*®

WHEN X = &y =R,

THEN FROI 2 *- :

~)
A AL
— T
i #
o
P
U; |
! ~
.‘; D)
e
pt'

[— ¥ T
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ELLPTICAL BULKHEAD (Com-'\:)

SURFACE AREA  (BULK'D AT SMALL END.

OF CONICAL FRUBTUM TANK)

TR

SURFAQE AREA OF THE E‘_L.UPTIC.AL BULK D

) FROM LINE OF TANK INTERSECTION 1S
(- @
S-= fc «j,ols |
FROM wWHICH (SEE DEVEL. ON PREVIOUS pAGE.)’

S - Zﬂ/VCzXZ'f' b dx | | -
WHERE C,= Kf- Kl

znfrm -l—zr’ Loa(x1S; +m)}

S= TT[Q‘Y—_aH + TgLOG(O.T—; +TE‘;E=‘T”£')

- e & HE - % Loc.(ch.F +‘{c,c.‘} b‘)}

WHERE! O = BULKD MINOR . SEM Ams (Ht'usur)' g'
3 . ba. H MAJOR " . '

C = DIST., RETWEEN MAJOR . Axm AND Buuu
, JNTE.R;EC.T WITHR TAaNY "»&Iﬁﬂn-‘ﬁ
¢ 2 Ki -K:  wWHERE Ky * ”/qg Y
LOG IS TO. RBASE "€’ ‘
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TORICONICAL BULKHEA
VOLUME.

CENCLOSED BY BULKHEAD AT
1

END OF CYLINDRICAL TANK)
T_jj? r.
.___1 J émssu.c
L; -L»K-—l

A A SING
VHoLUME I

- AR L
i*c:\// zx_,hmtérfl—xzm ;
wf VL,A 'rrJ /Amrd_”x“rf& ‘)og.f
X3
{Az+2iz)fﬁ<¥7f?x’+/h <7'>]+/L7("§}°

H(l (N +05) + 4 ELW‘-IZ‘ +/L5W(£’)J L’j

Voromve IL

V= Vz, An. 3

( GENERAL Cong FoRMULA )
Y T RE A CorO

’___’(3 T ‘{?::3 Cor O

R R-A+ L coro
Akt AcoTr O

OR * A+ NConB

Boae 1999 »
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TorICONICAL BULK'D (Cont'D)

DURFACE AREA
SURFACE ENC_L.OSIM_ _YOLUME 1

Syt ZﬂLljols ds=mgy‘dx

Y- A +W?
B o ()

5‘=?ﬂ/(k+*l—1x)[l+ ]o(,z
| 2w [Ch+ TR ) dx
s -27{[@%‘%&*1%“‘ mz)ol/

czua [ TR 1] dy
27 A Lﬂ. Sm'(x)-‘-)(]f
2 T A PA 5:~"(ij2+&]

0

SURFACE EMCLOSING  VOLUME IT

_AREA _of Basg nt
St * SN 8 . %];’,\Té (Cnssic )

ToTAL SURF. AREA oF TORICONICAL BulkD 1S,
' ST L S] + Sn

Becem VATY &~ o . o ———— ———
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FArRAROLIC BULKHEAD
_I‘ Bulkls BAsE
.J-F-
; R GEN. PARAEBOLIC ERUATION
: Wl = A)(.
—-— = -0 i\ ' Rz
A~ a
SHADTD
\/owma ENCLOSED FROM _h. To o (A?EA
= 2 -
v nffé dx Ar/ A X dx
9 (4L
R
= M3 QAL '-.LX OR)(
zac 0.- 4,
2
s arr 2 - A -i‘ﬂal,k(z*-’éf_)
WHEN A = oL THeEN,
Vi= £ MRS
SURFACE  AREA OF ENTIRE BULKD
S = 27 f o ds ATvERY Uy
1 271[&3\!- +(&) dy - ﬂ{\l4—AX+A dx
$ * lﬁ‘n(ﬁl/\x + F\‘)y = [(4AQ+A’)'{ A]

ISTe )8 - e ;[_<~z; 2 (3]
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PARABOLIC RULK'D CoNTD
RADIVS _oF curRvATURE  (f)
P . RZ
T AX A Vo
6 2 _.L' + 2( y)]
L1‘=A.E)(l“ %t L AT XL
E&t T - .LA*)(-%
) - i'+(ﬁé—Ax)J“
A )( 3
N iA X' ]%
"34 *
4_ Al X+ AV /
. = ax¥ (A =N 4?{%&5 + AY%
" EXE A
2 2
AR L L (ax+ + RI%
2 ( ),,
| 2
= zra (4 o X + RZ%
9 ¥ Note. THE MINUT SIGN APPEARING

HAS NO SIGNIFIGANCE AND IS
THEFORE DROPPLL FROM THE
EQUATION .
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TV A P SN O SOV
‘/// Lj b = tqa_z )(z o
! 3= btyYaf-x? ‘
£ d 4
g5+ 7 x(a-xt)?

Y= b+¥al _f‘ IS THE EQUATION FOR THE. UPPER sm;c\ma
Gy b:- a.’- Xy o e " LOWRR .

5URFAQF_ AREA
s 'ZTrfiols dji+2% zobé

AREA G.ENF_RA'rF_o BY REVOLVING THE UPPER. SEMI-CIRCLE.

zn[ (b+vam=x)| | +—-’5—1€1/‘Ax

AREA GEMERATE.D BY REVOLVING THE me& SEMI- CIRCLE. |

S0= 2 [ (b VEFE) |+ K] dx

TOoTAL SURFACE AREA Sy = Su'!'SL
St -rzvf go s + mf 4. ds znngqu)ols
| "=mj“[b+m<b TE=x)) ds
=27 2bds .
¢ . : 4’rrb/ |+-;,:.———-z] “dx -4Trb[ (‘T‘"t)iou
sarmak[ Cax)%dx |

et el e

. Pam VUTLC s - -
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Torus (Cont'n)
Syt 411ab(5m"é-)+c:)_: | :
P e 4‘1‘1a.b[slu"(1) - 5m"(~|)] . o
.‘.4,’Hatb[2':g] :

. 4ﬂza.b

VOLUME, (ENC.LO5ED BY TORUS)
Vp = Tff(‘}u" L) ol

® = 7T[ [(bw"“x) (b-\/?F_ﬂo\;c
Trf [,b’/+2b*r—+a.{/<‘ bz’+2b\l"‘-a./x‘jdx
4’ﬂbf (o %2 dx
41 b /2_[)<\/’““)<'I + ol Sm"(—))
27b [ adswi) - ain”'(- |)]
znb[ L - a(-1)]
czub[zat«1]

1}

L

s
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_Torus (ConTD)

THE DESISN OF A TORUY TANK 1S USUALLY

SUCH THAT HIGH STRESSES ARF_ DEVRELOPED
IN THE SKIN OF THE “Do-NUT” HOLE WHILE

THE . TANK 15 UNDRER PREZIURE.., THIS OFTEN
DICTATES HEAVIER GAGE. SKINS IN THIS AREA.

ALSO LIGHTER, SKINS ON THE OUTSIDE OF THE
TORLS. THE FCLLOWING FORMULAS ARE
' DEVELOPED FOR THEI® LOCAL AREAS.

OUTER. SKIN
\ x"+(1-b)z= ot
=

INNER SN {xj., = b+Va®-x* (urrer)
4i

“Vaz- x* (Lower)

SURFAC E

/\REP\ OF OUTER SKIN (2 A.wibg)
Se* 2~2.1*f ds~Vr+(@Y dx
& 4’”/ (b +¥aZ- -“>_<7) [l +~O{f—f7:-)zob<
4?[ (b NI x*)[ V;Q;LJ dx
- a7 | i Y{EK"*}M

4'n(1l_b51 Wi(5) +x ]F

472 (b @+ h) ¥

same -

it
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TJorus (CoNT'Dd

SURFACE AP,E._I_\ C1>F INNER  SKIN (2 J.»; mnél)-
S;‘Z?ZI‘IT(’&%;JS | .
cam[ o -vm ) 1+ g [ d
Ao b
'471a(° (f=x — 1) dx
amalb swi(Z)- ]t

(-4

]

(s e
= 41 a(bgg_'(z)*%i
s CHECK, FOR _ABOVE S, 4 S, EQUATIONS |
S;: S0+ S WIS SL Y.

A
’

4ma (b sm"(‘é") + L)"‘ 47Ta.(b5m"é%‘/p~.>;

4T a (b sINT() Tal + b swT0) -\&)
41 a (2p%)

L

i

2 ‘ ‘ L
= 47w b (THIS CHECKS  WITH FORHMULA
FOR TOTAL AREA OF TORUY)

* Note SIN(EY IS DEFINED AS THE ANGLE WHOSE
SINRE s o, . To EVALUATE THIS FUNCTION: .
FIND AYa. VALUE IN A TRIG. SINE TABLE TO OBTAIN.
IT'S CORRESPONDING ANGLE. IN DEGREES. . MULTIRLY
THE. DEGREES BY .01745 ToO OBTAIN RADIANS
WHICH 1S PLUGGED DIRECTLY ,INTO THE
FORMULA IN PLACE ofF ° Sm“@_‘) g
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Torus_ (Cont'n) . o
\/OL.UN\E_ OF PART\AL\.Y FILLED .TO s TANK
4,
BoOTTOM X +(\1 b) a_l i

z

\

- +4
\‘-.

| A
LJ::?G’%‘X - 3

VOLUME. OF FULUL TANW .
= 2M%b a? (SEE PG, 2%).

-xrf (4 Lj..)clx | (see PG.23)
4-15‘5 rt [XV— Xt + ol Sm"(g)]

“27b [AYT- L+t Snu’(aj at sm"(—:ﬂ

=2'nb(£j‘“" +a‘[5m(a)+ 11-]2}_
.4@ MAY BE (+)OR( ) h
IF' 1.,«_. IS REGARDED AS A ﬁizc;adaﬂou

oF ‘o THEN A Ka .  SUBSHTLTING
THI$ IN THE FORMULA ABQVE_ ?Hm,

V\.j"‘"v‘?;ﬂ Ckﬂbg KV!-’ ¢} sk +:E-} wms.;._w

i
H ) 1
A e g . IR
oo e o .
"
5
b e
e Tt el
¢ ’
b1 g
\ '
-
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