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SUMMARY

This analysis calculated the mass moment of inertia of a non-
viscous fluid in a slowly rotating rectangular tank. Given the
dimensions of the tank in the x, vy, and z coordinates, the axis of
rotation, the percentage of the tank occupied by the fluid, and
angle of rotation, an algorithm was written that could calculate
the mass moment of inertia of the fluid. While not included in
this paper, the change in the mass moment of inertia of the fluid

could then be used to calculate the force exerted by the fluid on

the container wall.

ANALYSIS
Depending on the dimensions of the tarnk, the amount of fluid

in the tank, and the angle of rotation, the resulting shape of the
fluid can be broken down into simple geometries. Since the fluid
was assumed to be incompressible, non-viscous, and the rotational
velocity small, the shape of the fluid was represented by
rectangular and triangular prisms. The most simple fluid shapes
were represented by a single rectangular or a single triangular
prism, while the most complex geometry was represented by two
rectangular and one triangular prism (See Fig. 1 and 2). The mass
moment of inertia ("Iz" in this coordinate system) of each prism
was first calculated relative to its centroid. Then the parallel
axis theorem was used to calculate the Iz of the entire volume at
either the fluid’s center of mass or the container’s center of
rotation.

The mass moment of inertia of a rectangular prism with respect

to its centroid and the axis shown was calculated by the following
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where:
Iz= Moment of inertia with respect to the z-axis.
a = Length of rectangular prism in x-axis.
b = Length of rectangular prism Iin y-axis.
m = Mass of prism.

The mass moment of inertia of a triangular prism with respect to

its centroid and the axis shown was calculated by the following
equations:2
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The parallel axis theorem:

where:

x = Distance in x-direction from centroidal to arbitrary axis.
y = Distance in y-direction from centroidal to arbitrary axis.

For comparison, the effective moment of inertia of fluid was

calculated by the following formula:3
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where:
I, = Effective moment of inertia of fuel about z-axis.
I;, = Moment of inertia of solidified fuel about z-axis.
Iz when theta equals zero.
r1 = b/a = tank aspect ratio in xy-plane.
RESULTS

As the partially filled rectangular tank shown in figures 1
or 2 rotates about its origin, the Iz of the fluid will change.
Program MomentOflInertia (See Appendix B) calculated the Iz of the
fluid relative to the centroid of the fluid. In tables one through



three, three different tank dimensions (all with unit depth) are
shown: 1 x 2, 1 x 4, and 1 x 8, respectively. With each tank
dimension, the mass moment of inertia for three different fluid
volumes were tabulated. Only zero through 90 degrees uwere
calculated since the mass moment of inertia for 90 through 180
degrees are mirror image of the shown data. The data then repeats
every 180 degrees. This data is also shown graphically in figures
3 through 6.

As expected, the Iz of tanks with aspect ratio of 1/2 did not
change significantly relative to tank rotation at any fluid level.
This was due to the proximity of the aspect ratio to unity. With
smaller (or greater) aspect ratios, the change 1in Iz increased
significantly. For 50% volume, there was a 112% increase in Iz/rho
for as/b = 1/2; while for a/b = 1/8, the change was 278%.
Decreasing fluid volume also increased the change in Iz as the tank
rotated. For as/b = 1/8, and the fluid volume was 80 percent, the
change in Iz was 54%. For 20 percent fluid volume and the same
aspect ratio, the change in Iz was 1,700%.

Program Momentl (See Appendix B) calculated the Iz of the

fluid relative to the center of rotation, which in this case was

the origin. The calculations were very similar to the previous,
except that the center of rotation was used as the axis instead of
the C.G. of the fluid. Tables 3 through 6 shown the wvalues

calculated for 3 different aspect ratios and 3 different fluid
volumes for each aspect ratio. These values are shown graphically
in figures 7 thru 9.

As compared to the Iz relative to the C.G. of the fluid, the
Iz relative to the center of rotation was greater, given the same
aspect ratio and fluid volume. The greatest increase was the 20
percent fluid wvolume and aspect ratio = 1/2. The smaller
percentage filled containers had greater increases than the higher
percentage filled containers due to the greater change in the
distance between the C.G. of the fluid and the center of vrotation.
For example, while the Iz of zero degrees, aspect ratio = 1/5, and
80 percent fluid volume changed 17% when the axis changed from C.G.

of fluid to center of rvotation, the Iz for the same angle and



aspect ratio, but only 20% fluid volume, changed 1,873%.

The change in the mass moment of inertia also increased with
decreasing aspect ratio and decreasing fluid volume, however, the
percent change was not as dramatic. The change in Iz for aspect
ratio = 1/2 and 20% fluid volume relative to the C.G. was 248%,
while the change in Iz relative to center of rotation was reduced
to 48%.

The Iz of a tank with decreasing fluid level was also
calculated by altering program MomentCG. The fluid level started
at 100% at O degrees and decreased to 0% after 360 degrees. The
results for three different aspect ratios are plotted in Figures 7
thru 9. This data demonstrated that even with an aspect ratio =
1/2, the change in Iz can be significant when the fluid level
decreased. With even smaller aspect ratios, such as wing fuel
tanks, the change in Iz was even greater. The "Jjumps" in the value
of Iz corresponds to the a large change in the geometry of the
fluid.

For comparison, the effective moment of inertia for wvarious
tank aspect ratios were also calculated. The effective moment of
inertia is the moment of inertia of an eguivalent mechanical
system. However, the effective moment applies to small angular
displacements only, which was quite different from the case that

was analyzed here. These values are plotted in Figures 10 thru 12.
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TABLES AND FIGURES
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FIGURE 2: MOST SIMPLE GEOMETRY.
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FIGURE 3: MOST COMPLEX GEOMETRY.



Izz/rho

Theta 20% Full 50% Full 80% Full

0.0 0387 1667 4747
10.0 0386 1677 4766
20.0 0385 1712 4829
30.0 0380 1780 4953
40.0 0361 1903 .5178
50.0 .0361 L2125 5440
60.0 0411 2552 5703
70.0 0553 .3154 5989
80.0 1019 .3454 6183
90.0 1347 .3542 6187
% Change 248 112 30

Table 1: Iz relative to fluid center of gravity for tank
dimensions: a = 1.00, b = 2.00, and ¢ = 1.00.

1zz/vho

Theta 20% Full 50% Full 80% Full
0.0 1093 8333 2.9973
10.0 1101 .8358 3.0014
20.0 1126 .8439 3.0147
30.0 1173 .8599 3.0410
40.0 1256 .8891 3.0894
50.0 .1400 .9450 3.1825
60.0 .1642 1.0651 3.3819
70.0 2213 1.3867 3.6922
80.0 .4158 2.3042 4.1547
90.0 1.0693 2.7083 4.4373
% Change 878 225 48

Table 2: Iz relative to fluid center of gravity for tank
dimensions: a = 1.00, b = 4.00, and ¢ = 1.00.



Aspect Ratio = 1/8

Izz/vho
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5.6667
5.6718
5.6885
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5.7826
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0.522
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Theta 20% Full
0.0 .4747
10.0 .4766
20.0 .4829
30.0 4953
40.0 5180
50.0 .5610
60.0 6519
70.0 8833
80.0 1.6633
90.0 8.5387
% Change 1699

Table 3: Iz relative to fluid center of gravity for tank
dimensions: a = 1.00, b = 8.00, and ¢ = 1.00.

Aspect Ratio = 1/2

Izz/vho

Theta 20% Full 50% Full 80% Full
0.0 .2947 4167 5387
10.0 L2931 4167 5390
20.0 .2880 4167 5453
30.0 .2780 4167 55853
40.0 2596 4167 5737
50.0 .2387 4167 5946
60.0 .2187 4167 6147
70.0 .1986 4167 6347
80.0 .1924 .4167 .6409
90.0 .1987 .4167 6347
% Change 34 0 18

Table 4: Iz relative to center of rotation for tank dimensions:
a=1.00, b =2.00, and ¢

1.00.



Aspect Ratio = 1/85

Iz/rvho

Theta 20% Full 50% Full 80% Full

0.0 2.1573 2.8333 3.5093
10.0 2.1542 2.8333 3.5124
20.0 2.1441 2.8333 3.5226
30.0 2.1240 2.8333 3.5427
40.0 2.0869 2.8333 3.5797
50.0 2.0153 2.8333 3.6514
60.0 1.8067 2.8333 3.8060
70.0 1.6238 2.8333 4.0428
80.0 1.2927 2.8333 4.3740
90.0 1.1973 2.8333 4 .4693
% Change 44 o] 27

Table 5: Iz rvelative to center of rotation for tank dimensions:
a=1.00, b=4.00, and c = 1.00.

Aspect Ratio = 1/8

Iz/vho

Theta 20% Full 50% Full 80% Full
0.0 16.859 21 .667 26 .475
10.0 16 .852 21 .667 26 .481
20.0 16 .832 21 .667 26 .501
30.0 16.792 21 .667 26 .541
40.0 16.718 21 .667 26 .616
50.0 16 .575 21 .667 26 .759
60.0 16 .259 21 .667 27 .075
70.0 15.349 21 .667 27 .984
80.0 12.413 21 .667 30.920
90.0 8.7947 21 .667 34 .539
% Change 48 0 31

Table 6: Iz relative to center of rotation for tank dimensions:
a=1.00, b =8.00, and ¢ = 1.00.
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Figure 1: iz/tho Relative to C.G. of Fluid for 1 x 2 Tank
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Figue 2 Iz/tho Relative to C.G. of Fluid for 1 X 4 Tank.
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Figure 3: Izftho Relative to C.G. of Fiuid for 1 x 8 Tank

‘/0

0 5 101520 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Angle Theta

Page 1

B 20 percent
(J 50 percent
4 80 percent




tzftho

CONST2R.XLC

Figure 4: Iz/tho Relative to Center of Rotation for 1x2 Tank
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Figure 5: Izstho Relative to Center of Rotation for 1 x 4 Tank
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Figure 6: Iz/tho Relative to Center of Rotation for 1 x B Tank
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Figure 7: Iz/tho of 1 x 2 Tank with Decreasing Fuld
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Figure 8: 1z/tho of 1 x 4 Tank with Decreasing Fluid
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Figure 9: 1z/1tho of 1 x B Tank with Decreasing Fluid
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Fig 10: ¥y vs. Tank Aspect Ratia,
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Fig. 13 Ny and Isy vs. Tank Aspect Ratia.f
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PROGRAM LISTINGS



umoer = array

ar
autFile 12
outFileName @z
aptoutltNumber;
cutoutZsNumber:
orinterichar;
ER
o,
S
angie,
area,

tncrement,
afriangle,
Eir:angle.
percent,
m2is,

mement,

beta.
tangentgeta,
tangentTheta,
theta,
zergireal:
rormeinteger;

lockwice anc ¢
modified on Z7T%C.

Al
L Mmertia of the fluig R : o TET

z tenk .= ZImMmErSIORET @z & F
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na sounterc ng tn-s
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rinGllol:

slength o+ fankl

{height of 2ani2

{width o+ tankl

I dearees:

v plane’
INCreases)

shape}

and rectancle

{the angie of rotation
ctotal area or Fluid in
{Inzremert by which angle
Max arez of triangivar

{Max arez of triangle combinea?

Fiuid tevel as a percent of height *b"}
{Mace ot fluigs

{Mass moment of inertia cf entire chape:
{2 - theta:

{tantceta))

{tan(thetai2
{angle o+ rotation COW in

.defines the gecmetryl
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r=  LounterRotatelvar %, Ay

axl, arvl:reail;

1
srocedure  canverts  icoal Cleord. to globz! Lord. given angle theta.:
1= vaxd cosvthetadr - (ayl » sin(thetal);
av 1= {axl sintthetary + (avl * coefthetalrn:
1d;
mmetion  IBarTridvar  miri. taihereallireals
Thie fupction will calculate  the mass moment of inertia of a triangular
irism given its mass, base, and height.
win
TEsrTri i= (mTri/18)  # (sprita) + sgritby):
s
:nction IBarReci(var mRect,ra,rbireallireal;

ct
his
sriem given ite
G

[Barkect
i H

acegure

function will
macs,

1= (mRect/12)

Centraoid{var ¥

the mass moment of inertia of a rectanoular

and height.
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TRz onroiszivs RERESIAY-
<TLC.
2GIn
w&rea = (al # x1) o+ (aZ
varea := (al # yiy + {aZ

yZar = %fAreasarea;

w23 0+ (3
yo) o+ e

type 5

ancentTheta?

- {b/tangentTheta:

a rectangle

G- tne o
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= ih, I
ne

.3

- {a * tangentThetarsi:

3

i1l a rectanglels

Tament

vBap 1= yArea area:
gt
inctien WhatTvpe:rintegsr:
+This function determines wnat chape thez flu
+tyne 2 = triangle zro rectanpie;  and
erectangies,
a4rea, alpha, DArea irealy
agin
iTriangle = 0.3 # zgriar 4 ‘tangentTheta:
asres = ariangie ¢ ota o » ik
alpha = arctanibias;
if tangeniTheta <) 0.0 then
begin
bTriangie 1= abzl(il.S # sgribd)it
bérea 1= bTriangle + absidh #* (a
end:
if (angle = 0.0) then {It's
WhatType = 4
elce if C(amgle = 90.0) thep {It7s =t
WhatType = 5
glse {4 theta <= aipha ‘then
Legin
i¥ (aTriarngle area) thenp
WhatType = |
plse 1t vahrea area "
WhetTrpe 1= &
pize WhatType = 3
eng
gize
beain
1f {bTriangie s area) then
WhatType = |
elee if (kAdrea > area) then
WhatType = &
elce WhatTvpe 1= 7
gnd;
ok
ccedure  Tvpelne:
hiz procedure will calculate  the mase
[ ST
r

az, B2, h, j. ci, cyireal:
(= =grtd(2
J 1= sgrt((2
2= 1P
= (WD
CounterRotatefcy, <Yy
moment := IBarTriimaszs,he it

{a/2);
- (0/7)-

(w8

-madins TypaTwns

% area)/tangentiheta)l
¥ area)/tancentTheta’;

of

then

inertia

% tangentTheta:

IR

PV
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= iriangle;
triercie  ang two
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SoEo Frocegurs w0 ZRPZUiETE ThEé MASE: MOMEr T I inerT s :4 3 ousiume whiIn
tan DB DROMER CGWN TTD O ORE ThiafDuiel  aht Lhe TEIERCL & Droem.
iw‘

areairi,
areakectl,
by {Height of Rect)
massTri, {Mass of triangy prismi
masskect, {Mase of Rect., oprism}
momentTri,  {(Moment of ineriia of friarguler preosm orel. to oorigin
momentRect, {Moment  of inertia or Rect. prism rel. o origind
Jy G%s Y.
KaYy
xlen,
ylen,
:,:f’ f"”-_-'s
Ny Foa
xh, ¥l
¥3, voirealy
Bgin
hoi1= <area - ""iang‘
J 1= a # tangeniTheta;
arealri = at‘¥angfe:
arearkecti = area - alriangie;
massiri = arealri # - ¥ rho
masskect := aresReci! % ¢ ¥ rhod
gx = ad - al
gy = h + §/5 - b/
CounterfotatelnZ y2,gx,0r);
v o= 0
y 1= h/Z - W'l
CounterRotate(x3,y3,x,v);
Centroidkaen.yCen.areaTri.x2,y2,areaRec 1,x3,¥3,2800, 28002600
24 1= xlen - %Iy
v4 1= ylen - vIi
s = xlen - x3:
vS 1= vlen - v
momentTrt = [BarTrii{massiri,a.j) + (massTri  * {sgrix4) + sgrivdirig
momentRect 1= IBarRectimassRect,a,h’ + umassRect % (sgroxiy 4 sor{ydniu:
moment 1= momentTri + momentRect:
C

~ocedure  TypeThree
This Frocsdure wi}}
nist be broken down
i

the mass moment of inertia of a volume whichl
trianoeiar  and tws rectangulaer  prisms, 3

Ry de Ko @y
areatri,
areafect!,
areaRectz,
massiri, ima
massRectl, ima
massRectZ, {ma
momerntTri,
momentRect!,
momentRectZ,
tri, {the triangular area not filled with fluid}
xCen, vCen, {centroidal coord of the fluid:

== of tiriangle’
ss of rectangle below trianglel
s¢ of rectangle next to trianglel

xl. vl

¥2, ¥2,

x3, ¥3,

x4, v4, e

Y5, ¥5, C;.{._ : . :,JE '8
é, vé, oo QUALITY

X7y ¥7,
»f, ¥6,
NP, Y9,
momentl, momentZ:ireal:



i cancentihe

b ¥ Tapgertifetz:
K =8 -
m o= o - hy
arealri = (.5 ¥ & »
areafect! = a * m;
areaRectz = b ¥ i
massiri = arealri % ¢ % rho:
masskect! = areakectl % ¢ * rhc:
massRectZ 1= aroaRectZ % : % rho:
2 =kt /3 -’
¥Z2 1= BF2 - (2 % h/3);
CounterRotate(xl ¥yl 02, v
xe = {
¥§ o= omi2 - B
CounterRotate(xd,vd,x5,y50:
w6 1= B2 - il
¥4 1= B2 - hiZ;
CounterRotateix2,y3.z4,v40;
Centroidixlen,vlen areaTri x! yi areakect! xé,yé,arealects, 2, »30,
x7 = xlen - ¥l
y? 1= wlen - ¥l
8 = xlen - xé;
vg 1= ylen -
X% 1= wler - w31
¥& 1= ylen - v3:
momentTri  := IBarTrii(massTri,h.ii+imassTri € (sgrlxT & sqriyidilg
momentRect!  := IBarRectimassFec®!,a.m)+imassRect! ¥ sarixB) o+ sgrivBilay
momentRectZ := IBarRect(massRectZ,n bi+(massRect? ¥ ozar{u®) ¢ zar(y¥ii.y
moment = momentTri  + momentRect!  + momentReziZ;
ng;
~ocedure  TypeFour
ar
c4ireal:
ggin
I8 1= percent # oy
moment = 1EavRec1wa--.a.c4h:
1d;
~pcedure TypeFiva:
ir
coirealy
2ain
£ 1= percent * a;
moment ;= IBarRectimass,c3,b
1d;
-pcedure  TypeS3ix;
"his Procedure will calzulate the mass moment of inertia of a volume which?
zan be broken down intc one triangular and one rectanguia~  prism.
ir
areaz, {Area of Rect’
arealri,
areaRect!,
hy {Height of Rect)
massTri, {Mass of triangular prism)
massRect, {Macs of Rect. prizm}
momentTri, {Moment o©f inertia of triangular oprism rel. to originl
momentRect, {Moment of inertia of Rect. prism rel, ¢ origin}
Jy O%. oY,
tri, farea of tank nct Tled with +luid}
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a volume

pris

areairi 1= 0.I % zqrino o# “tangentBetay
areaRectl := area - zreairi;
h = farea - areaTri)/b;
J 1= b * tangentBeta;
massiri = arealri % C % rhoy
massFect 1= areaRectl #% ¢ # rhee
Q% = h ot /3 - sy
gr = b3 - b2y
LCJn‘erxofate\xh.yh‘g s Gy
g o= (hS2E - (afdhg
v 1= (L0
CounterRotate(sl vl o,y
Tentrzidixlen,vCen Area..i.h-.;l,r,eanefti 1.l zerc,zero,zercs;
13 oe= ulen - ¥l
vi o= vlen - ¥Z;
e = xlen - xl;
¥é 1= vlep - vl
momentiri  := IBarTriimassTri,.b .J) + (massiri ¥ {3qrix3) +
momentRect 1= iBarkect(massReci,b,h) t (massRect ¥ (sgrixédd
mement = momentTri  + momentRect;
nd:
rocedure TvpeSeven;
This Procedure will calcylate  the mass moment of insrtia of
nust be broken down intoc one {rianguiar and two rectangular
ar
h! \jv H| iy
arealri,
areaRact!,
areakectz,
massirl, fmass or friangle?
massRectl, mass of rectancie below triangled
TagIRectZ, {mass ot rectangle next to ‘riangle}
momentiri,
momentRectd,
nIJTi:'?;RECt‘_.
tri, vthe triangular  area not filled with +luidd
xCen, vyCen,
axl, arl,
axz, avl,
axd, av3,
xle w2 %3¢ 28, x5, ué,
:'1( )’29 :'Ey )’4, ysl ,yctlg
mementl, momentZireal;
igin
tri = (a #% b - area;
Jo= osgrif(2 ¢ trid/tangentBetar:
h 1= J # tangentBeta;
kK i=b - §;
m = 3 - h;
areairi = 0.% *# h % j:
arearectl 1= b * m;
areakectZ = h % K
massirt = arealri * ¢ ¥ rhoy
massRect! := areaRect! * ¢ * rhog
massRect? := areaRectZ ¥ c * rhoy
v2o= ale - (2 % h/3),
y2 = b2 - (2 % JSU;
CounterRotatelx!,yl,x2,v2);
xoo1= w2 - 2
yo = b

1.

which?
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= e "'D"-"‘J':
2.7

e i

Loun

Zent : (o, ¥E,arsafectZ wd vy

axl ;

arl H

ix2 :

E :

and %33

ard ¥t

momentTri := IBarTril(massTri,n,i2+(massTri # (sgriaxiy o+ =griarlilyg
momentRectl = IBarRezt{massRec:!,o.mirimassRectl ¥ legrianZivsgr(
mementRestZ ;= IBarRect(massRectZ.h,h)+imassRect2 # {sgrianditsare

=1

moment = mamentiri ¢+ momertRec*! + momentRect2:

-3
M

FERIEERERFRFREET LT AR ALRERARE R R EFREAREFA LR RFRSL AR AR RRR LSRR CRF L LSRR

pir (ETART # FROGRAM*)
ClearBireen;
zero 1= 0
writeln «7Entar dimensions  ror rectangular  tank:®)y
readin <a,b,o03
iteln  «7Erter water leuel 23 a percentage of "B,
reacln  (percenis;
white {({perzzat = 1 or {percent <{= 01 do

beain
weitelni i, o
readinipsrzent);

end;

writein{'Entzr angle theta increment.

readlnlincremsnts;

writein{’Entar  outpul #ile rame,’):

readinicutFilehamel;

agie = 0.0

Water Level ¢ 1,0, Trv again.”);

d ® .
area = a * I * percent;
mass 1= a & carcent # b % o
rewriteloutF e, outFileName):
writein{outFila, A = “yarkiglg
writeiniautFiie,’B “biBisn
italnd e,'C c:8id);
itel e fuli = ‘,percent:Bid);
it Moment ‘) ;

neqin
mement = 0.0
zeta 1= L(FD - angle)/3800%(2 % pidy
theta := :iangle/3303%(2 ¥ pi);

= g¢inl{hetadscosibetad;
= srn\thet'!/cos(theta);

tangentieta
tangentTreta
torm 1= YhatType
Lorny of

,

rase 4
1iTrpelne;
2:TrpeTwos
3:TypeThree;
&:TypeFour;
SiTypeFive;
&:TypeSing
7:TrpeSeven;

end;
writeln(ousFile,form, ‘ ‘.angiedi?, ‘o moment:8:i4);
angle := angle + increment;
and;
close(cutFilet;
o (XEND MAIN PROGRAMR)



“rogram Moment!:
iThis program calculates the mass moment of inertia of the fluvid in a tank

.relative the to the center of the tank. The tank is dimensioned as “a’ in
the x-dir. ‘b’ in the y-dirCup), and ‘c’ in the z-dir(inte the page). The

center of the tank is also the center of rotation and corresponds to the
lorigin of the coordinates, The tank rotates counterclockwise and this
‘angle is defined as theta. This version was lase modified on 2/4/90.
Jses

PasPrinter;

onst
pi = 3.,141593;
rho = 1.0;
“ype

Number = array [!..90] of real;
lar
outFile stext; {file pointer for output)
outFileName :stringl15];
output! :Number;

output2:Number ;

printer:char;

a, {lenath of tank)

b, {height of tank)

ty {width of tank)

area,

angle, {the angle of rotation in degrees)
increment, {Increment by which angle increases)
aTriangle, {Max area of triangluar shape)

bTriangle, {Max area of triangle and rectangle combined)
percent, (Fluid level as a percent of height "b"}
mass, {Mass of fluid}

moment, {Mass moment of inertia of entire shape)
beta, {2 - thetal

tangentBeta, {tan¢beta))

tangentTheta, {tan(theta)}

theta:real; (Angle of rotation CCW in radians)
form:integer; {defines the geometry)

£ 3 2] ************************************************************************)

rocedure CounterRotate(var  ax, ay, axl, arlireal);
This procedure converts local Cord. to global Cord. given angle theta.)
eqin
ax = <axl ¥ cos(theta)) - (ayl # sin(theta));
ay = {axl ¥ sin(theta)) + (ayl * cos(theta));
nd;

unction IBarTri(var mTri,ta,tbireal):real;
This function will calculate the mass moment of inertia of a triangular
orism given its mass, base, and height.
egin
1BarTri := (mTri/18) # (sgr(ta) + sqr(tb));
ad;

snction 1BarRect{var mRect,ra,rbireal):real;
This function will calculate the mass moment of inertia of a rectangular
srism given its mass, length, and height.
agin
IBarRect := (mRect/12) # (sqr(ra) + sqr(rb));
1d;

inction WhatType:integer; . ]
This function determines what shape the fluid is in. Trpe 1 = triangle;

ttype 2 = triangle and rectangle; and type 3 = one triangle and two
: s

s At o e

*)
*)
*)
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ar
aArea, alpha, bArez :real;
Qin
aTriangle := 0.5 ¥ sqr(a) #* tangentTheta;
aArea := alriangle + (a * (b - (a * tangentTheta)));
alpha := arctan(b/a);
if tangeatTheta (> 0.0 then
begin
bTriangle := abs((0.5 # sqr(b))/tangentTheta);
bArea := bTriangle + abs((b * (a - (b/tangentTheta))));
end;
if (angle = 0.0) then (1t’s a rectangle.)
WhatType = 4
else if (angle = 90.0) then (It’s still a rectangle.}
wWhatiype := 35
else if theta (= alpha then
begin
if (aTriangle ) area) then
WhatType =1
else if (aArea > area) and (bArea > area) then
WhatType := 2
else WhatType = 3;
end
else
begin
if (bTriangle > area) then
WhatType := 1
else if (bArea ) area) then
WhatType = ¢
else WhatType = 7;
end;
nd;

rocedure TypeDne;

This procedure will calculate the mass moment of inertia of a triangular 3
prism. 3
ar

a2, b2, hy j, cx, cyireal;
gqin

h = sqrt((2 * area)/tangentTheta) # tangentTheta;

J 3= sqrt((2 * area)/tangentTheta);

32 = (/3 - /2)

b2 = (W3 - (b/2);

CounterRotate(cx, ¢y, a2, b2);

moment := IBarTri(mass,h,j) + (mass *(sqricx) + sqrcy)));

nd;

rocedure TypeTwo;
This Procedure will calculate the mass moment of inertia of 2 volume which)

can be broken down into one triangular and one rectangular prism. b}
ar

area2, {Area of Rect?

h, {Height of Rect)

massTri, {Mass of triangular prism}

massRect, {Mass of Rect. prism)

momentTri, (Moment of inertia of triangular prism rel. to origin)
momentRect,(Moment  of inertia of Rect. prism rel. to origin}

jy ox, gry xbar, vybar, ORIGINAL
Xy ¥, X3, r3ireal; OF PAGE IS
2gin

h := (area - atriangle)/a;

j 1= a * tangentTheta;

massTri := atriangle #* c ¥ rho;

massRect := (area - atriangle) * c * rho;
ox = /3 - ¥/2;

ny = h + i/3 - b/2:



:nd;

CounterRotate(xbar,ybar,qx,gy);
momentTri := IBarTri(massTri,a,j)

x = 03

y = h/2 - b/2;
CounterRotate(x3,y3,x,r);

momentRect := IBarRect(massRect,a,h)
moment := momentTri + momentRect;

+ (massTri * (sqr(xbar) + sqr{ybar)));

+ (massRect * (sqr(x3) + sqr(y3)));

>rocedure TypeThree;
This Procedure will calculate the mass moment of inertia of a volume whichl

‘must be broken down into one triangular and two rectangular prisms. 3
rar

hy §y ky m,

massTri, {mass of triangle)

massRect!, {mass of rectangle below triangle}

massRect2, {mass of rectangle next to trianglel}

momentTri,

momentRect!,

momen tRect2,

tri, {the triangular area not filled with fluid}

x1, x2, x3, x4, xJ, xé,
v, v2, ¥3, v4, r5, v,
momentl, moment2;:real;

Jegin

'nd;

tri 1= (a ¥ b) - area;

j = sqrt((2 * tri)/tangentTheta);
h := j * tangentTheta;

kK == a - J;

m:=b-h

massTri = 0.5 * h # j * ¢ * rho;
massRect! := a * m * ¢ * rho;
massRect2 := h * K % c * rho;

x2 1= K + j/3 - /2

y2 = b/2 - (2 % h/3);
CounterRotate(x1,y1,x2,72);
momentTri := IBarTrilmassTrih,Jj)
x5 = 0;

¥S 1= m2 - b/2;
CounterRotate(xd,y6,x3,y3);
momentRect! := IBarRect(massRect!,a,m)+(massRect!
x4 1= k/2 - ¥/2;

vd 1= b/2 - W2

CounterRotate(x3,r3,x4,yd);

momentRect2 := IBarRect(massRect2,h,k)+{massRect2
moment := momentTri + momentRectl + momentRect2;

+ (massTri  * (sqrix1) + sqriy1)));

* (sqr(xé) + sqr(yé)));

% (sqr(x3) + sqrl(y3)));

‘rocedure TypeFour;

ap
cd:real;
©gin
c4 := percent ¥ b;
moment := IBarRect(mass,a,cd) + (mass #* sqr{(b/2) * (percent - 1)));
‘nd;

'rocedure  TypeFive;

ar

cSireal;

egin

nd;

¢3 = percent * a;

moment := IBarRect{mass,cS,b) + (mass * (sqr((a/2) #* (percent =~ 1))));
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Procedure TypeSix;
{This Procedure will calculate the mass moment of inertia of a volume which)

{can
var

be broken down into one triangular and one rectangular prism. 3
areaz2, {Area of Rect)

arealriangle,

hy {Height of Rect}

massTri, {Mass of triangular prism}

massRect, {Mass of Rect. prism)

momentTri, {Moment of inertia of triangular oprism rel. to origin)

momentRect, {Moment of inertia of Rect. prism rel. to origin)
Jy g%, gv, xbar, vybar,
Xy ¥, %3, y3:ireal;

begin

end;

areaTriangle = 0.5 * sgr(b) ¥ tangentBeta;

h := (area - areaTriangle)/b;

J = b ¥ tangentBeta;

massTri = areaTriangle % ¢ * rho;

massRect 3= (area =- areaTriangle) #* c ¥ rho;

gx = h + ji/3 - a/2;

gy = b/3 - b/Z;

CounterRotate(xbar,ybar,gx,qr);

momentTri := IBarTri(massTri,b,j) + (massTri # (sqr(xbar) + sqr{ybar)));
x 1= (h/2) - (a/2);

y = 0.0

CounterRotate(x3,y3,x,y);

momentRect := iBarRect(massRect,b,h) + (massRect ¥ (sqr(x3) + sqr(y3)));
moment := momentTri + momentRect;

Procedure TypeSeven;

{This Procedure will calculate the mass moment of inertia of 2 volume which)
{must be broken down into one triangular and two rectangular prisms. )
var

hy i, ¥k, m,

massTri, {mass of trianglel

massRectl, {mass of rectangle below trianglel
massRectz, {mass of rectangle next to triangle)
momentTri,

momentRect!,

momentRect2,
tri, {the triangular area not filled with fluid}

x1, %2, x3, x4, x3, xé,
yl, Y2’ YS, )’4, )'5, )/6,
momentl, moment2:real;

segin
tri = (a ¥ b) - area;
J 1= sgrt((2 #* tri)/tangentBeta);
h = | % tangentBeta;
k = b - j;
m = a - h;
massTri = 0.5 *# h ¥ j * ¢ * rho;
massRect! := b * m ¥ c * rho;
massRect2 := h * kK ¥ ¢ ¥ rho;
X2 = a/2 - (2 % h/3);
y2 1= b/2 - (2 % j/3);
CounterRotate(xi,yt,x2,y2);
momentTri = IBarTri(massTri,h,j?+(massTri ¥ (sqr(x1) ¢+ sqr(r1)));
x5 = m2 - /2
¥S 1= 0;
CounterRotate(x6,r4,x5,r9);
momentRect] := IBarRect(massRect!,b,m)+(massRect! ¥ (sqr(xé) ¢+ sqri(yé)));

x4 = a/2 - h/2;

¥4 1= k/2 - b/2;

CounterRotate(x3,y3,x4,y4);

momentRect2 := IBarRect(massRect2,h,k)+(massRect2 ¥ (sqr(x3) + sqr(y3)));
moment := momentTri + momentRect! + momentRect2;
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end;

(REFEREEEXRERRRBRRERERAREREEEEREARERERRRRERREREFEERRRRERREREERRRRERRRRRRRERR)

Begin (*START MAIN PROGRAM»)

ClearScreen;
writein (’Enter dimensions for rectangular tank:?);

readln (a,b,c);
writeln (’Enter water level as a percentage of "b".’);

readln (percent);
while ((percent )= 1) or (percent <= 0)) do

begin

writeln(70.0 { Water Level < 1.0. Try again.”);
readin(percent);
end;
writeln(‘Enter  angle theta increment.”);
readinCincrement);

writeln(’Enter output file name.’);
readin(outFileName);

angle := 0.0

area := a * b ¥ percent;

mass = a ¥ percent ¥ b ¥ c;
rewrite(outFile,outFileName);

writeln(outFile,’A = 7,a:B:4);
writeln(outFile,”B = ‘,b:B:4);
writelnCoutFile,’C = “,c:8:4);

writelnCoutFile, Percent full = 7,percent:8:4);
writelnCoutFile,’Type Theta Moment/);
while (angle <= 90.0) do

begin

moment := 0.0;
beta := ((?0 - angle)/380)%(2 * pi);
theta := (angle/360)*(2 % pi);
tangentBeta := sin(beta)/cos(beta);
tangentTheta := sin(theta)/cos(theta);
form := WhatType;
case (form) of
1:TypeOne;
2:TypeTwo;
3:TypeThree;
4:TypeFour;
S:TypeFive;
6:TypeSix;
7:TypeSeven;
end;
writelnCoutFile,form, ! ‘,anglesé:2, ‘,moment:8:4);
angle := angle t increment;
end;
tlose(outFile);
nd. (#END MAIN PROGRAM#)
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“rogram Moment!:

{This program calculates the mass moment of inertia of the fluvid in a tank )
relative  the to the center of the tank. The tank is dimensioned as “a’ in J
ithe x-dir, “b’° in the y-dirup), and ‘¢’ in the z-dirCinto the page). The )
(center of the tank is also the center of rotation and corresponds to the }

.origin of the coordinates, The tank rotates counterclockwise and this 3
cangle is defined as theta. This version was lase modified on 2/4/90. }
Jses
PasPrinter;
Lonst
pi = 3.1415%3;
rho = 1.0;
Type
, Number = array [1..90] of real;
Jar
outFile :text; {file pointer for output)
outFileName :stringll5];
outputl :Number;
output2:Number;
printer:char:
a, {length of tank}
b, (height of tank)
s {width of tank)
area,
angle, {the angle of rotation in degrees)
increment, {Increment by which angle increases)
aTriangle, {Max area of triangluar shape)
bTriangle, {Max area of triangle and rectangle combined)
percent, {Fluid level as a percent of height *b*)
mass, {Mass of fluid)
moment , {Mass moment of inertia of entire shapel}
beta, {2 - theta)

tangentBeta, {tan(beta))

tangentTheta, {tan(theta))

theta:real; {Angle of rotation CCW in radians)
form:integer; {defines the geometry)
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‘rocedure CounterRotate(var  ax, ay, axl, ayl:real);

{This procedure converts local Cord. to global Cord. given angle theta.)
eain

ax = (ax] ¥ cos(theta)) - (ay! #* sin(theta));

ay = (axl #* sin(theta)) + (ayl #* cos(theta));

:nd;

‘unction IBarTrivar mTri,ta,tbireal):real;

This function will calculate the mass moment of inertia of a triangular 3
.prism given its mass, base, and height. }
egin

IBarTri := (mTri/18) #* (sqr(ta) + sqr(th));
:nd;

“unction IBarRect(var mRect,ra,rb:real):real;

‘This function will calculate the mass moment of inertia of a rectanguiar )
‘prism given its mass, length, and height. }
egin

IBarRect := (mRect/12) #* (sqr{ra) + sqr(rb));
‘nd;

‘unction UWhatType:integer;
¥This function determines what shape the fluid is in. Type 1 = triangle; #
xtype 2 = trianple and rectangle; and type 3 = one triangle and two ¥)

¥rertannioc *)



ar
aArea, aipha, bArea :real;
eQin

aTriangle := 0.5 ¥ sqr(a) # tangentTheta;

aArea := alriangle + (a * (b - (a * tangentTheta)));

alpha := arctan(b/a);

if tangentTheta <> 0.0 then

begin
bTriangle := abs((0.5 ¥ sgr(b))/tangentTheta);
bArea := bTriangle + abs((b #* (a - (b/tangentTheta))));

end;

if C(angle = 0.0) then {It’s a rectangie.)
WhatType := 4

plse if (angle = 90.6) then (It’s still a rectangle.)
WhatType := 5

else if theta <= alpha then

begin
if (aTriangle ) area) then
WhatType := 1
else if (aArea ) area) and (bArea ) area) then
WhatType := 2
else WhatType := 3;

end

else

begin
if (bTriangle > area) then
WhatType = 1
else if (bArea ) area) then
WhatType = 6
else WhatType := 7;

end;

nd;

‘rocedure TypeOne;
This procedure will calculate the mass moment of inertia of a triangular

prism.

)ar
a2, b2, h, j, cx, crereal;

egin
h := sqrt((2 * area)/tangentTheta) * tangentTheta;
J 1= sqrt((2 * area)/tangentTheta);

a2 = (j/3) - (/2

b2 = (h/3) - (/2);

CounterRotate(cx, cy, a2, b2);

moment := IBarTri(mass,h,j) + (mass #*(sgr{cx) + sqricy)));
:nd;

‘rocedure TypeTwo;
‘This Procedure will calculate the mass moment of inertia of a volume which)

‘can be broken down into one triangular and one rectangular prism. }
ar

areaz, {Area of Rect)

h, {Height of Rect}

massTri, {Mass of triangular prism)

massRect, {Mass of Rect. prism)
momentTri, {Moment of inertia of triangular prism rel. to origin)
momentRect, {Moment of inertia of Rect. priesm rel. to origin)
Jy ox, gr, xbar, vybar,
X, ¥, %3, v3ireal;
wegin
h = (area - atriangle)/a;
J 1= a % tangentTheta;
massTri := atriangle % c ¥ rho;
massRect := (area - atriangle) * ¢ ¥ rho;
gx = /3 - a/2;
ar = h t+ j/3 - b/2y



CounterRotate(xbar,ybar,gx,qy);
momentTri  := IBarTri(massTri,a,j) + (massTri * (sgr(xbar) ¢+ sqr(ybar)));
x = 03
y 1= h/2 - b/2;
CounterRotate(x3,y3,x,y);
momentRect := IBarRect(massRect,a,h) + (massRect #* (sgr(x3) + sqr(y3)));
moment := momentTri + momentRect;
2nd;

Procedure TypeThree;
{This Procedure will calculate the mass moment of inertia of a volume which)

{must be broken down into one triangular and two rectangular prisms. 3
var

hy Jy Ky m,

massTri, {mass of trianglel

massRect!, {mass of rectangle below triangle)
massRecte, {mass of rectangle next to trianglel
momentTri,
momentRect!,
momentRect2,
tri, {the triangular area not filled with fluid)
x1, x2, x3, x4, x5, x6,
vly v2, v3, r4, v3, vé,
momentl, moment2:real;
Segin
tri = (a % b) - area;

J = sqrt((2 # tri)/tangentTheta);
h = j % tangentTheta;

ko= a - j;

m:=b - h;

massTri = 0.5 # h ¥ j ¥ ¢ * rhoj
massRect! := a ¥ m % c * rho;
massRectz := h ¥ k # ¢ ¥ rho

x2 1= K + j/3 - a/Z;
y2 1= b/2 - (2 * h/3);
CounterRotate(xi,yi,x2,r2);
momentTri := IBarTri(massTri,h,J) + (massTri  *® (sqrix1) + sqri{y1)));
x3 = 0;
Y3 = w2 - b2
CounterRotate(xé,y4,x3,y5);
momentRect! := IBarRect(massRect!,z,m)+(massRect! ¥ (sqr(xé) + sqr(yé)));
x4 = kK/2 - /2
yd = b/2 - h/2;
CounterRotate(x3,y3,x4,y4);
momentRect2 := IBarRect(massRect2,h,k)+(massRect2 ¥ (sqr(x3) ¢+ sqri{y3)));
moment := momentTri + momentRect! + momentRect2;
end;

Procedure TypeFour;
var
td:real;
begin
cd4 := percent #* bj
moment := IBarRect(mass,a,c4) + (mass * sqr((b/2) # (percent - [)));
end;

Procedure TypeFive;
var
coireal;
begin
S = percent ¥ a;
moment := IBarRect(mass,c5,b) + (mass ¥ (sqr((a/2) # (percent - 1))));
end;



Procedure TypeSix;
{This Procedure will calculate the mass moment of inertia of a volume whichl

{can be broken down into one triamgular and one rectangular prism. )
var

area2, {Area of Rect)

arealriangle,

h, {Height of Rect)

massTri, {Mass of triangular prism)

massRect, {Mass of Rect. prism)

momentTri, (Moment of inertia of triangular prism rel. to origin}

momentRect, {Moment of inertia of Rect. prism rel. to origin)
J, ox, av, xbar, ybar,
X, ¥, X3, y3ireal;
begin
areaTriangle := 0.5 ¥ sqr(b) #* tangentBeta;
h := (area - areaTriangle)/b;
J 1= b # tangentBeta;
massTri := areaTriangle ¥ c * rho;
massRect := (area - areaTriangle) % ¢ ¥ rho;
gx := h + j/3 - a/2;
gy = b/3 - b/Z;
CounterRotate(xbar,ybar,gx,gy);
momentTri = IBarTri(massTri,b,J) + (massTri % (sqr(xbar) + sqr(ybar)));
x = (h/2) - (a/2);
y = 0.0;
CounterRotate(x3,y3,x,y);
momentRect := iBarRect(masskect,b,h) + (macsRect ¥ (sgr(x3) + sqr(y3)));
moment := momentTri + momentRect;
end;

Procedure TypeSeven;
{Thic Procedure will calculate the mass moment of inertia of a volume which)

{must be broken down into one triangular and two rectangular prisms. }
var

hy i, k, m,

massTri, {mass of triangle)

massRectl, {mass of rectangle below trianglel
massRectz, {mass of rectangle next to trianglel
momentTri,
momentRect!,
momentRect2,
tri, (the triangular area not filled with fluid)
x1, x2, x3, x4, x5, xé,
vty v2, ¥3, v4, ¥3, vé,
momentl, moment2:real;
begin
tri = f(a ¥ b) - area;

J = sqrt{{2 * tri)/tangentBeta);

h 1= j % tangentBeta;

k ==b -~ j;

m:=a - h;

massTri = 0.5 ®# h *# j % ¢ ¥ rho;

massRect! := b ¥ m * c * rho;

massRect2 := h *# kK * ¢ % rho;

X2 = a/2 - (2 % h/3D);

y2 = b/2 - (2 % j/3);

CounterRotate(x!,y1,x2,y2);

momentTri := IBarTri{massTri,h,j)+(massTri % (sqrix1) + sqrir1)));
X9 = m2 - /2

yS 1= 0;

CounterRotate(x4,ré,x3,y3);

momentRectt := [BarRect(massRect!,b,m)+(massRect! ¥ (sqrixé) + sqr(yé)));

x4 = a/2 - h/2;

yd = k/2 - b/Z;

CounterRotate(x3,y3,x4,y4);

momentRect?2 := IBarRect(massRect2,h,k)+(massRect2 % (sqr(x3) + sgr{y3N);
moment := momentTri + momentRectl + momentRect2;



end;
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Begin (#START MAIN PROGRAMX)

ClearScreen;

writeln (‘Enter dimensions for rectangular tank:’);
readin (a,b,c);

writeln (‘Enter water level as a percentage of "b*.”);
readln (percent);

while ((percent )= 1) or (percent <= 0)) do

begin
writein(’0.0 ¢ Water Level { 1.0. Try again.”);
readln(percent);

end;

writeln(’Enter angle theta increment.”);
readinCincrement);

writeln(’Enter output file name.’);
readinCoutFileName);

angle := 0.0;

area := a * b ¥ percent;

mass := a ¥ percent * b ¥
rewrite(outFile,outFileName);

writeln(outFile,’& = 7,a:8:4);
writeln(outFile,’B = “,b:B:d);
writeln(outFile,’C = “,c:B:d);
writeln(outFile,”Fercent full = ‘,percent:B:4);
writein{outFile, Type Theta Moment’);
while {(angle <= 90.0) do

begin
moment := 0.0;
beta := ((90 - angle)/360)%¢(2 % pi);
theta := (angle/340)%(2 * pi);
tangentBeta := sin(beta)/cos(beta);
tangentTheta := sin(theta)/cos(theta);
form = WhatType;
case (form) of
{:TypeOne;
2:TypeTwo;
3:TypeThree;
4:TypeFour;
S:TypeFive;
é:TypeSix;
7:TypeSeven;
end;
writeln(outFile,form, ! ‘,angle:6:2, ' /,moment:B:4);
angle := angle + increment;
end;
close(outFile);
End. (%END MAIN PROGRAMX)



