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1. Introduction

Airships are controllable systems and can perform
various maneuvers in longitudinal and lateral directions.
For this reason, it is used in various works such as
monitoring, telecommunication, environmental, as well
as advertising and entertainment applications.

Due to the movement of the airship, the guidance and
control of this system in different directions is very
important and in simulating the flight mechanics, all
forces on the airship should be considered. When the
motion of a system in a fluid is accelerated, it will support
additional forces besides the drag force. These forces are
considered equivalent to the mass and moment of inertia
added to the body.

One of the most suitable methods for determining the
added mass of an airship is the boundary element method.
In the boundary element method, the simulation is
performed by solving the ideal flow and arranging the
elements at the boundary. In classical CFD such as finite
element or finite volume methods, the number of
computational meshes is greatly increased because the
entire solution area is meshed, but in the boundary
element method only the surface of the object is meshed
and the number of computational meshes decreases
dramatically.

In this study, the boundary element code is prepared
in Fortran language and the geometry of the body is
divided into triangular panels at the surface by using
Gambit software. The computational network file will be
added to the code as input. At first, to validate the
computational code, the added mass matrix for the sphere
and two ellipses with different aspect ratios are simulated.
The calculation code is then used to calculate the added
mass matrix of the two airships.

2. Added mass
The added mass of an object will be important in cases
where the density of the object is in the order of the
density of the fluid around the object. For example, in the
movement of airships and marine engineering, these
forces must be calculated. Therefore, the amount of added
mass in aircrafts, missiles, drones, and other similar
systems is not calculated. On the other hand, in systems
such as airships, submarines and torpedoes, the added
mass must be calculated and taken into account in
dynamic simulations.

In general, when a force is applied to an object in a
certain direction, the direction of motion and also the
acceleration of the object is not limited to the direction of

the force. Therefore, the acceleration of the body will be
in three directions, and in addition, it will be also
subjected to three angular accelerations. As a result, the
added mass matrix will be an Mg x s matrix that shows the
effect of each motion on forces and moments.

3. Results

In general, an airship has various components such as
hull, tail, and gondola. By examining different airships, it
can be seen that the two profiles NPL and GNVR are
common profiles that have been used in the design of the
airship hull. In this study, both geometries have been used
to simulate an airship. The geometry of NPL consists of
two ovals with the same small diameter and different
large diameters, and the ratio of large diameter to the
small diameter of the body is 3.85. Instead, the GNVR
geometry profile consists of three different curves. An
oval is used at the tip of the body, a circular profile is used
in the middle part and the end part is parabolic where the
ratio of large diameter to small diameter is equal to 3.05.

Simulation of boundary element airship

In this step, the simulation of the boundary element for
the airship with the tail assembly and gondola is
performed and the added mass matrix coefficients are
extracted. Figure 1 shows the computational network
created to simulate an airship with two profiles. Here, the
hull volume of the two airships is the same. As shown in
this figure, finer elements are used for the wings and the
gondola.
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Figure 1. Triangular meshes created on an airship (a) NPL
geometry (b) GNVR geometry

Table 1 shows the results for the values of the added
matrix elements with NPL and GNVR profiles. In
general, when the hull is without a wing, the airship does
not resist rolling and the value of the A4 element is zero.
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Here the value of the As4 element will not be zero and the
value of the two non-diagonal elements Ass and Az will
be significant. Other non-diagonal elements will be
almost zero.

Table 1. Dimensionless coefficients of added mass matrix
for airship with NPL and GNVR hull profiles

Added Mass | Airship with | Airship with
Element GNVR NPL
geometry geometry
Aul 0.01003 0.00426
Az 0.07885 0.05563
Ass 0.07975 0.05699
Ass 0.000065 0.000053
Ass 0.003043 0.00257
Aess 0.00303 0.00249
Az -0.00042 0.00130
Ass 0.00047 -0.0015

Figure 2 presents a comparison between some added
matrix elements for airship with two profiles, NPL and
GNVR. As it can be seen, the values of the elements for
the GNVR profile are larger than the corresponding
values in the NPL profile. Moreover, for a more accurate
comparison of the differences between the two
geometries, the percentage difference of the added matrix
elements between the two profiles is presented in Table
2. The differences are greater for the Ai; element and the
non-diameter elements Az and Ass than for other
elements, and the Ags and Ass elements are the least
different.
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Figure 2. Comparison of results A1, A4, Ass between two
airships with NPL and GNVR hulls for different
computing networks

Table 2. Percentage difference of results for added mass
values for two different NPL and GNVR hulls

Added Mass |4ijnpL — Aijenvrl
Element |Aij,NPL|
x 100

A1l 135.1
Az )

As3 39.9
A 22.4
Ass 18.1
Ass 21.4
Azs 132.4
Ass 130.8

4. Conclusion

In this study, the boundary element method was used to
determine the added mass of the airship. For this purpose,
computational code was developed with the above
method using Fortran language. The required
computational network is created in a triangular shape on
the surface of the object using Gambit software and is
given as input to the code. First, to validate the
computational code, the added mass matrix is simulated
for usual geometries such as spheres and ellipses. The
values obtained for spheres and ellipses are compared
with the results of the analytical solution for the potential
flow and the results are in good agreement with the
analytical solution. The difference is less than 3%
compared to the analytical solution.

The calculation code is then used for two airships with
two profiles, NPL and GNVR. The above two profiles are
modeled alone and with the tail assembly and gondola
and the results of the added mass matrix elements are
presented in the dimensionless form for each case. In the
case of the hull alone, the coefficient A4 is zero, and by
adding the wings, this element has a value that indicates
the resistance of the wings to the movement of the
airship's roll. Moreover, unlike elliptical geometry, where
the non-diagonal coefficients are zero, in this case, due to
the asymmetry to the yz plane, they will not be zero, and
these values are also calculated for the airship. According
to the results, all added mass elements of the airship with
the GNVR hull are more than the NPL hull.

Since the boundary element method uses only the
computational network at the body surface, the number of
computational elements drastically reduced and as a
result, the computational speed is much higher than the
classical CFD methods. In addition, in the present
method, by solving the potential flow, all coefficients of
the added mass matrix are calculated at high speed, and
the possibility of geometric optimization in the shape and
dimensions of the control surfaces of the airship is
provided.




’Z";});\;M;fj%jw‘JLw \V

https://mechanic-ferdowsi.um.ac.ir/

(1o-1A) &'Ké).aujpl;ujg.aﬁ)lfffb A i
DOI: 10.22067/jacsm.2022.71335.1040

¥ Gip Ol 595 3 ooliiul b 2198 (AT 039390 P o g Flo s

) sl .

O olblb ssle Loyt

D0l i Je

e A (G w5l S Yolre (G jletiennS Calold o (e O gy il 03lized U lps 23S 03555 o g ilo Sl dlée > OO

o.,Lﬁwf'&J'jAJw/ﬂJ)L;JJJJQj}.ﬂ@ja.ij)%/%J/Oﬁ/fj‘j/ﬂ)ﬁ&w/ém&L;‘;Jj:zujlf,wbu&J.W/AM’A@'/MCA‘A&JJ

J‘éjwL‘ijv(\zu‘;a;./(u[»JJ/ML;LAWML;/J;AJJIQ/ffm/JZA‘&J/Jw/ﬂfb“ﬂwjjkwo/.,L.'J/W/ayuwijL{cuf}ﬂdei}
il s Al u.';(b”délm“ub-)'/hu/—w;@j;[ia LS&KL;J'/W gw/‘;juwj/bpl;-@w,w/a,u pleil /A0 5 PSS ki S p

LJ;Ag,flp)),;«.«/a.l.j4.'....«bww/“ﬁ/jbtgu‘f:.iféugjgaﬁjjﬁf“;ﬂJKﬁJ/JGNVRJNPL‘_/L:.éjj:j.a@wwﬂé;yd/ﬁujjj/fﬁ

dbjij)éﬂw%&&a}jﬂ/fﬂmf'aj W/n.au‘;.«l.um b Mﬁfﬁjij/ﬂJ@‘/é"lf“j,’J 4‘.9}4?;,04//,4.4 @(ﬁ/},ﬁﬁyg

2 gad dnzrl o

wblu pld xS soola sl 2S5 CS > v ax s L
St 53 5 ool Lol Sl Sl il Gla s 3
A e glea 2IS ol slas s sled L Sl SO
Seodle s 3 e S 2SS b 5,8 L3
S35 e puir Sy opl 53 AL bl &S >~
Sopon by opl S el g SO Glas 5 Jeoe
5 8 B 55 e 4 el 0533l ol Oles 5 02 Uolas
2y st

S Doy alsr sla fiS b SOl a5 L
Sy olwad Sl eslaal (ol VL Sy slaay 3o gl
sl sk ladls 55 5 e ~Lb & Sl
Ll o8 Sl b Gl bl 058 a5 Dl
SOlg e a8 s s gy (oo (olwans il sla )
S el gles (208 55 0L 2 siledde sl a2, ol
U5 n VW o sla i, 5l esliad 5 (3luosla  slaneny

Sl oA ol 35S e 1 dladl bz oy 55

Email: a.jafarian@isrc.ac.ir

Clodal G

w3358l o 5 e Sl iy alsa 208 (Sl (SWde 3Ty

YORY-Y

VAT das )5 oS Ltes oy sladlela g5 Slga (gla 228
0T G ds) Sladsel 53 Lad w50 s 4 30k
GV Skl s 4 et o el O35 SIS A
Sl eslizal (a3 i8S glaaas s s c}‘}.w 9 059 Jleil
BB hasan s L5 e 5l bode @l blble ol
Sleslasal cle a ol das 55 53 LS T sl slaiis
ol 3 GRS SRl 5 O3k sl a4 s
Bodme oS 055 5 W ool b lemsl sl iy
)ljéhéé}\).af)l&g'}\wb‘\}_j5))»@.!.3),.2:[{6&43\.@\#

[1] cslas S
Pl b6 5 ol s Bl S s 1S
e a .Sl s 1y e g Jib gy Calse la, 5l
(ol s, 8 O e il 6u¢w,{u RS
A 5 S bl 55 s hesecan s (Sl bk
JolSS Ly 55s addlles jshien 5,8 oo 13 eslizad 5
[12] sl e 0 015 r s sodle b alsn (slo aiS

Al VEV/E/0 OF 550 sl 5 V802 /6/10 lie 3L b *
Ol b o3 (SIS g (5,53 o gt sy 55 (V)
Ol bz ooy (SO i il Lwlis )8 (V)

Ol plab ooy 5 (SO wdige Lzl ()


https://mechanic-ferdowsi.um.ac.ir/
https://mechanic-ferdowsi.um.ac.ir/article_42547.html

L;jjﬂdw/ujjlvj/a)[é;w/@Lﬂ'{}ﬂ%a)_}j}'/fﬁwj;&‘)ﬁ"

oo 3 ezl slasis (Seeles gassladis Sl ok
ol Sl SO leand sl sl 058 an
Vet dle s OLKes 5 508 Jlis Ol @ jgmle,\:ﬂ
M 3l eslizal b 5 Wles S =1 b YEZ-2 5b i pa 23S
Llezssl sty dobae OS5l &S lasPl o x
3 o [10,1] Wi ol 1) S slacsslonns
glAsel s 5l s Sl Sl olwans 5o 0L
A3 gl S el e Sl O sl sl oS
3 oeslizal b o 0LKan 5 Jse [12] Lles S eslizul 355
S O o2 3338 £ e 12 [13] ol S 235
2zl gl p 58 63358 i e il drsloes (8l Cles S
[14] Lles 5

Slp o3Pl o mle FG3s bad HsBua U
Sl eslizal U il glaggslonnd ol 23S slaalila
ol pladl Sleslbs CVLw Salos 5 s slass
Shestazad LYY Jle s 0L Kes 5 a5l (Jle Ol w
sl (FES sl e o e Sl Jedlly dlw 0L - s5led e
O 5 (5506 [15] L ga areiloea |y b laze b S5 L
Lo i Oy 2l (205 S5 So 380 p 2 YT JL o
53 S5 [16] s e aslos 1) s gl an b e IS
el O gods Jo= leslinal LYV E Jlu 5 6 K05 518
S JKE L lsa 228 il glaslel 0553l o s o
TL7] 55 g aclows |, Cilisies

Lile Sllms Vlw Salys SIS gla s, o
JS a0l e spdme e b s 3sdee OLI Sla 5,
Doy Slslms ladsho sliad 55 0 sl Jo 40
e L e DL as s Ll Al e
S a Slebes sladshe sliss 5 058 0 eSS
Sl s, Sl S Ve 5 sy e bl o a8 (oS i
4h-e Wlos S eslizal 035350 0 o o Flo s (51 SIS
(S gla sy Glewles VU &y Sl a4 45 550 0
O 03938 e e Sle larlys Sl (g3 5dae slad Y pane
gl (oolad ke 5350 Sl 235 31 il L Ul 5 e

22 e glelet (28l el s eslinl il
IR e (S i 5 Ll s gal dal = L (gl
0PRSS gl Ol S dal gl e
Ol gy S o oslizal (3l (52 IT o] O = 3 505
J= heslial b (giluand (55,0 Oladl sy 5o sl (55,0
Olgen 5 555 00 plomil 550 55 O Gddiodr 5 ol OL
I3 BB el ol 3 5 035530 o s 3 oS lla
Sy dekin Vsane b g5 55 Kos b Sl el
ol 11 S o i Ciliies (gl pml ol 5 5 lilee
0353 p S e Gl Gl Sz Sla )
20bs 5 gz s alss o 2S5 essls Glas s s
Loy Sl oz gl by, 5l eslital 5 5y dal
a5 o DLl iy S Al ol es I L1, b
3ol 53 5 Sl g s cnl e 53 5,8 5 s
53 dls Olgs a4 [3] cslas § 13 eslital 5550 b > b
bl i 8l e Ol sy 5l L s 5T VAAY Jl
Yooo Jlo s [4] dstls b1 mlan fouily OL 2 55 e
S ol Glag s amsls sl s ol 51 OLKes 5 o5
oslinal 355 o sloul Cilie glaanda b w5l
Gos oS SOk 2 J oL 5 55 Y0 L jo s[0] s S
S5 Alie glaghiie gl L gl 835530 02 535 5
23l YOO Jl 5o 8U 5 o oo [6] Lols 513 s
Som Ol gy sheslanal b1y (obys 5 eos58l p r ps ile
o YN Jle s 5 ol s e 7] L ged sl
S oles Lly s5458 e oAb sl gl (65,0 Ol
5o 0L 5 ol e wor e 8] s sed oslizad 55 n
235580 o deles Sl 52 OLL By SEYIV L s
S 5 sk s 5 s S elind Bale ol
9] 3 508 a1 035380 p s SLe
5 slwosler pshnen el 5l F 5 s b
S Sopon glh SIS B deda ol pd e eSS
Jo S 0l 5 si e 8 8 I s doles e b 05 o
e Ol om e20l3 355 08 o Sl il Ol (ks
2235l Dol OS o L1y ol gla 25 658

!&Mﬁa‘,&.«%p%;:wdlw

Sl s Flalns 5 (62,05 pale 4



\4

;f&uw—w[«}[é&f&[@jw—u[g}a};&

Sler SIS a4 sl olant] skl (V) K6 s e

(e) Velocity=0, Decel>0, Added Mass=Yes

Sl eagzil e e OF 53 & (5l i sl ) K

[\A] Sl C»—:—o-ﬁ\

6 4
3
Sl Dl ¥ S

('SL’ SYalee
o) ez 5l Jle 0L o oleand 55 ol s 5
NY saslas ol an 4 JTolsl O 5 ol ol i o
sl ol a3 S 5 s Jlw O 2 15 Ol 2 sdman

5 il pll o558l 0 e Sl Wlia s

w50 Ol uS Hebate plCnlodd aile glga 22S
Dl 5l ealaial b dvdin 5 Colodd a8 055 0L
5 el e e 3 e b Bl 4 S
A dal gt wlol AS @ (35,5 Olse 4 Slalee &S LG
IR VY e YT P oSS Iy dlie ol s

oS dwdn Sy p Silwand (e amo jsked e
D151 5 Cmlokd plomil e (5 e o b 08 oy
Sl Jde Jsliie s b 0 95 L plen 2ES LU A L
5 de Julo S plsa 228 S L culg s o o
ol Sl o358 o o Sle 5 el ilead b SIL

Csloda] s I s

03931 p
e S& ol s &S Llas 3 (e S sl o
Lol 5 Coaal Sl el i GBI b JE L 4 a0
sl Gl fiS OS by e Pl 53 Jle Olpe 4 3
e ds 5ol 5l s avaloes AL Lag 8l L ys pwdin
alie sbaalile Lo s basle (acSi e dalaglpn s 03559
A glable s s b 5l ssd e Al
L OT 31 558 s |y 035580 o2 Al Lays3l da obs 25

2 5e0 Bl (Sl sbaggslaand )
305 5l SO Glagsluand 53 03558 0 2 s Sle
il gt ol S lagleand S 5 5 050
oSl 2 S5 ks s [11] e 03 o £l Sl ollas
SSoals (S3laind 53 sdmys Voo (sllat o a3p 3 o
oo slhie O 3 o Sl e lacdl- (V) IS8 555 0

[18] ans e 0L | ol s 03533
P e K e S0 S Sl S s
e BSCE S 55 S S s s 50
e S DS il 3 g gl ddme s g 4 b
S R 1=V YY) ol Sl oS Cgr 4w s
S 5 ((Z800) lasly ol aw OF posdle 555 dalys
Aol Moo e ile S 035580 pm s Sl e 3 iled o0
Ol Ly bdbes 5 b s ) S = 51 S 0 JlaS oy

Sl o Glwlms 5 (52,55 psle 4 0

’f"‘j.ﬁijw‘ln)[ﬁ-_}wJ[w



L;jjﬂdw/ujjlvj/a)[é;w/@Lﬂ'{}ﬂ%a)_}j}'/fﬁwj;&‘)ﬁ"

Dl Up 5 Ng el G0 31 2a b 5 e skas QLT &S

it ys ol ds BB Q) el P 5 G akal 2 T Jle S 4SS
Sl gl w2 pl S e RS &b G (pg) 5 =g
Gk (p,q)=LAnr 3l sl oobe OGY dslae > 5 (gdasan
355 Ol S s ooty JISE 3lie b dn oS s

A S B SIS = DI AS; e sl S o ls el
Cmlos mazr e 5 ol ba Bl sl N Coslo LS
oAl b e e e S L il sl L
2 NS L Jl S g5 aaS Jlis 035
S Vslee &S o5 (Sl SVsle gladI S5l Js

el dal gt s
S {(M+21) e} ASj(p) )y = BiLi{Le} AS(p)y; )

:.Lﬂda Sty 3 Oy goots OYslas L (.Sl;-

(M +%I)d_)~L\_/ @

$,v 5, [Ll = [Lelas, () [M]j; = [Me]as, (i) «=
BE] "\_":'L’Lfd QLQ..H JSJA RS Cb; k}:.;b J.lbu.ﬁ LS\A)‘JJ..:
gl aal () i)y a5 L pad

n

1) = ) 80 Lclar, ()] ()

j=1
53 s edd w356 IS alie 0 Sl L
9] 555 oo Jlas! losloms 2S

S ) (Frmdes
gl Csleds mwass (65,0 Oldl S Cad ol s
Jm s S 058 el 5 S le Jslie sladutin 5l skt
et Slodd eslinal l 3z ge WOT sl s
Slp il S S a4 Sopks el g b OS5 e
A @L..: 5 Golwans wlsl jy aS cnleds eslanul (g3lwand
ot ) iles ol 51

Gl 4 oS Il 5 Sl eslial b e ) plad Lo S

)J.J)‘JJ‘J:%QMW“J.?AQS))J{e;;ﬁ.(ﬁf}wloﬁ

’¢  9*d P ()
e ot =0

23 Sgen 5 dlp Grie 5 el 0L > il b S

Py

0p 0 b 09 -

%—&nx+a—yny+gnz

w@chﬂﬁéwdlﬁj;Jbﬂ[nx,ny,nz]‘)
U:Lx,al.{ rSl;- Jslan L;‘ij'<it> L: .)\__,\I:L;L;a BES )‘ Cjb-
s a1 S A S ol 1S

oG 1 o
J 5o .00, + 300 = | 6.0 5,

)
SMJQL:..:G CUéﬁLM@W‘w;eUGé
).':.\p:da_z.:))‘jéj\bb‘)}jqM}J‘\S@\M%Cu&

Sy ey O

Jl;ﬂ Yl gaus J=
oS 2 L IS S ¥sles (oS SVoles 30 -
S Valee oS pl by 53 LS e Vsl
Vd el i sy (M4 b =Ly o0
sasolis 1y M L5 ol 0d(p)/ Ong sb(p) SSbe
CVslee s 5 shteas bl 3 el (g308 o (Sla s 5o
6 Conlod oslinal (glabi 5y 51 (6o ¥l o I S
Sl ilisis GOl Ao s 4 e las g5 00l 3
sodd an S ks Oladl S e s CoeS a ke 5 050 e
Lilsy Ol psbeas s el Sl Ol IS 5o ke
Col ol IS A s a8 clod eslinad (5, 551,10l

191 3
{10 = [Gupica) s, @
r
dGk(p,
MG = [ 5PV gpas, ©
r q
d
M) = 5 [ Gup LS, S
p
d [ JdGk(p,
{NiSr(p) = ﬁﬁ%((q)d% V)
p q

!&Mﬁa‘,&.«%p%;:wdlw

Sl s Flalns 5 (62,05 pale 4



Al

;;&LJW—Q{L}L#J}(PZJJ-M—QQJA}J&

alse LS\AA_{.J BE AJS 6‘).; My ¢Myv¢Mry u.llf.p J]u\.&ﬁ \ J}.).;—

Yo RN K Ol slass

Y/+¥Y A\ \VAS\4 BEM
Y/+4 Y/ 4 Y/ 4 BUES My,

/Y Yo/ YA/A Uas 7.

AVAA V/VYVY V/40 BEM
Y/eqe Y/e4q- Y/e4q- AW My
A Yo/) YA/A o 7.

Y/ \/VVY V/\40 BEM
Y/+Q- Y/+Q- Y/+Q- WSS Mir

A Yo/ \A/A Lo 7.

05 s 039 p

O Glp o3s38l o G ile & plaawtn 5 s (S
3 brgnl 03 el 058 i AT e st o & o
525 el S e el Jeily 0L 20
U on s e gl cod s L OS a
S S kb 4 Sop kb s Jl Gl s clan 8
sliid e .l ADZYIAO L ol pss Sl 5 035 alb=Y
e T 03 OLSS YUA0 (¢ b i L 08 2
33 op) gbbawdia ol NPL S0 L olpe 235 L of
5 Coslodd (GuaSs S 15l S 5l eslinad b 058 ol
0253 o sk e sl s m
old Gl (8) JSE 3 08 ol lp A Db O son
s

Mie 5 g kb b culs (B e 6 08 L 5o
S das e Ol Jdes @Lﬁ e Ll 20 Mg Ol
(Sl A g s sheay ol Mss=Mes 5 M22=Mas sl 5
5 355 o olital 4mab®/3 jliis 51 Mi,Ma2,Mas ol 5
Lal g A 4mab?(a? + b?) /15 laie L Mss,Mes ol
Sl r.ge\;;— Aoy A

4
M11 = A11 X ?abz

4T
My, = M3z = Ay, X ?abz
4T
M55 = M66 = A55 X Eabz(az + bZ)

v

oaliial s 5 Jaw gie (L 3 Sl aw Sl Qo (gileand
SLIYT0 5118 v 5w Lokl sl 5 ot
oS v S35 p e GOl ms 5 (7) ISl i
e e 0L

iS5 s S e S d e 0L s > s
A3 el Ol St OL 5 el S o Jl
A3 o ot o S IS s Sy e 43S
(o lamio a3 05 L dn OB s 4 5ol a5
Sl Sl2e Il 035330 0 o Sl bl s Jl oladl an
S ol el b3l e i e e a0l L
[19] cﬁ'zb(..:al};bsdfwgogﬁdg,;

2
Miii=13) = 5“33 A

C.‘,‘M‘AJSCL&JLJJ\J;&4S

SN
o %A‘%‘Eﬁ'ss%\
T O NANAN vy

v

N
i

]
YAV vuya WA VAT oK
s
N VAV vavavavaYss/
SN a2/ 4
S

A

e Lol Lo S s ¥ ISs

53 3938 o Sl gl glalledl 4 by e S

AL O) dodr 5o il S0 s ghs » Goleand
Loldl 3l [l 53l b ol aseiio 45 sbolen . Calol
el polie 4y 5 Clal Jlals Cud a4 (giluand gl
3 8 s Ut anty S cpl s et s SalS
03 e lade 5 cl Y ssu 5 Cnl Min Ol 4 by e
Cohl 5uasOLis oS ol /A 51 350 Mg s Mo (slaoll

! aJS SJJJ',Q\ (aj>- ;...wbu)b ol oalaiul u.i:))

Sl o Glwlms 5 (52,55 psle 4 0

’f"‘jiijw;ln)[gfjwdﬂ»



ijj‘Ju/uj_})j/a;[l:&w/[gd{}ﬁﬂaﬁjj}/fﬁwj;[a peee )

YY

X NVAVAA D aA V)
KRGS Lo 008
N Ao
g SeeniET T -

=SS
SRR

SN \
SRR

N
R
N

ik
R R R R
‘ i/

)

1%

f N/ Ny
KOO0

2RSSR
AN AV,
o Q>
/ X
RS RN R
NP
NSRS RN ON 7 7#
RN
A0

=DYAUNG e b O S s s iliss Sl laasis 1 IS

l;_ Q}fﬂ LQ.)’ Ay cAvveArreAsocAns A u‘g.)u g_,..i\),.p )\.,Uu Y J}J\;-
il GaaSis 3 =b/¥a o

AR YYA YAYA Ol sl

ARY AVAS /\VY BEM

+/\41 AR AR s Ay
Yy VA 4/0 U .

+/AAY AN VAt BEM

V4 V4 Ve ENES; Av=Arr
Y/Y o/A AA o 7.

/YT +/YYO UARK BEM

JYTY JYYY TYY sl A=A
oY Y/A 0/+ Uo7

c]a.d S 2 oL Jl;q’l Lf'“l"""'l""‘ &,_L ('\) ng
ol s das e LA L alb=Y/A0 (¢ e s L 0SS 2

058 i So5 5 S S pla3a b 55 Jpe b
"\*fuf o (%) J.i.\; BE A11,A2,Ass gﬁ\f;i 9 Llea
k_a?:j: wk)@\o@;éb\;ﬂ;méh#&:ﬁwé‘f
55t 3 g0 ol Sl esli ol b 055 e 1y s Y
[13]

T
K il
’ ~
\. ~
\ ~
. ~

0.8

0.6

All’ AZZ’ A55

0.4

0.2

T T T T T

)S)J;JJG.;CMM.:L:Q}fﬁd\f@b}ﬁ‘rf;ﬁ‘ﬂjlsw f,JK.J
il S S

o Al i ) 0> AT Y o b O 58 ety 02959 o
A=Y S S @ Sop plad Cond b 0S8 a3l 0 >
Wy glaaid gy L cilie gl sl arnloes
sl e g 0 IS8 L cle s (aL?L;\ o 9 byl
e GOl slans e o OLES 1) 058 oo o 3 oS
YUA DAYA (L 5w calises glaaslis s ol 4 S LS
s CL“’ L obwans 5l ol CL" el 30e TYAT
sobolen . olodd anslis (V) Jsdr 55 (V) a5l fool>
o Jlade daOll slaws bl L ol asiie o
235 Swladly LAl Sl Al o el ileand
YLl et ot ldie g, 03 Sl eslial S

RS

55 S el 0> AIDEIAG Lo b O 8 e 0355 o
oS S gt ced L 0S s J5 Sl il
5SSl SOT & x5 b clodd (g 3lwans alb=Y/AO
el YIAO (5 e ol ol el iy 53 a3 5m s

o dd DIl e e 5 058 o (§ B e

’f"ﬂ;):‘/’u"ﬁ)%jwdlw

Sl s Flalns 5 (62,05 pale 4



Yy

2l drs = LELE (s 3le (5 o = O pder o

ks Cowlodd oslinal slga 23S giluand gl ands
Ssline S5 kb 5 Oy S8 s b e 55 51 NPL
b S s s jol IS s 5 [18] cleas |SCs
ek Jdsn 2se s Sl YAC L Gl L S S
S A S5 s Celedd LSS Cilise s 4 5 GNVR
Jeo s 3l bl Cawnd 5 50 pls 5 Sl Sl 3 (ol
S 4 Sy b s 5 [18] e salizud (5 gages
SNPL i 5 amglio (V) IS5 . Y100 Lyl s S S
Gl 4 x5 b ol 534 p3Y e e 0L | GNVR
5 ) Kals 5 alsr Sl S 55 (sl S Sl
Ot Sk Al 5o 3 slal (ol (KIS DL ek
33338 0SS gowin 53 0lss 3l ol m oS Colo
NPL sy Jsb aems (V) S5 53 ok o3l 0L L

Cnlo .budv

03

I GNVR
02 — === NPL

> I —— o —
01 == 7" Sisi-el L
z ~ o

2 ~

0 I I i I I I I I [

GNVRJNPL :MJ.;.AJ:LS‘;!«.}J.{ J::é)}i wu.p VJKJ

Dl s A les! s el (Giluand alpa LS o

JaS Gl paS cadlods a3 S L5 55 (+) Codle &y yoas ¢
Ao S e 250 0 435 580 ols 205 solL
i sl S8 Gl s IS B 5 0
Al S 55 s a5 sm Gl seeelS dlags 5L e
CL ki 53 8 5y p Bl be Slile pl 51 S
el Clide s 55 o gl S5lwdle 5ol
LS Sl sy alss 238 JS gl () Koo

..\AJ@

sl is dna IS s A IS

o5t g (s Glle iS00 an 655 p ol
s oo psl T 5 YA I Lol slutes
G5 al s Gl e Ol s e s dlas ()
ool 3 a5 p5b0ken das o LI 1) 5380 o o g Lo
Golwand sl jlde Lagladl slaas 5153 b sl jaselin
Ol 5 Cwladdls Al s e s 5 Ol

RO FLVARRINE 3 O COR ST (M RPNt

C.M.M.; L: Q}fﬁ 6';» AvycAvveArreAsocAxs g_,q”\ﬁ )\.,\Iu s J).,\>
il slaaslis s =b/Ya/A0

AR Y. Vi oLl sl

ARV | VY | v BEM

+/eVEn s Ay

\/Y Y/0A AYAR2 Ua .

o/eveEn f/eVER

CJAEA +/AYQ vJANY BEM

AW | AN | AN | s | An=Ar
Al ¥/AS 14T o 7.

VOAY | eseny | jeto BEM

SN[ AN | AN | e | AvmAs

Y/4 ANV /8¢ Ua .

6&:@3&»&59@()“4,:4:\)\@@@4}.,5@

C,TL;L; ol odl3 ‘\M}S ‘;L.w\}u LY 3 S dLQJ‘ J:‘.’}J
)‘M}Yb)wdbbg}gﬁlﬂ(»w‘;Jjﬁ‘rfaﬁwbm
@yl ool calis 08 aw a ol sl 2iS Auda SOl
lor 258 858 e e Sl dlo Sl S )
n\;;'-b).;(jcu.@J@);ﬁ@ﬁ.ul)})\ﬁum.,al;)y

Cwlodl

@L“J
Sy e Ol silaand ( Slalse US vsas 1
SLls alsn 23S (S Hiba b il glpa 228
o b el Lo 5 e 4 sazme iy dibe ilises (gl
SNPL by 55 45 555 0 odalive Cilises ln gla _ziS
oS s b s S dxes Jolde gla L35, GNVR
33 o 3l sl 55, 5 Llas S 18 eslatal 5y5e sl

Sl o Glwlms 5 (52,55 psle 4 0

’Z""jiijuzla)[()r_}wdﬂﬂ



Lf)’j")L"']/uj'}))‘/’;[‘a“/[.’L;'(}”L{:"‘K’)_}j}/fﬁw/';["‘jx";

Y¢

& #3Y s o OLE GNVR 5 NPL Jibs 0 55 sl 15 0353
Olan Jsb b Gillas s s 51 oS a5l Lier 45 ol S5
et 4 S 55 Jds
Agg 5lads (Cul Gas ie 55 dgde 534S sbols
S b s ol 5 ool sy Jio LBy 53 2 8
sy pe e 15 53 el JSSL LIS Al (S
35 52 05 s Jg) &S and OL 2 Calie el
058 pirm alie ol pl T e Cdts o OWI ol Slids
Ll 55 As Ol e 55 08 ol 5 5e 00 5 o
R S 1 W T O P A e
o2 LA 5 Az slaoldl slis XY 5 X2 Slmio 5 s
D 56 Ass s Ass slaoladl 3,50 53l sl o ul il

]

GNVR )NPL :\JJ; 6.]! aJJ}é‘ S j.léu.ﬁ id‘}-)\"

GNVR & NPL 4., e sle 4l
/e)eed /regon A
VY /roe Ar
AYYAT roey Arr
Jevenns Jevenns Acs
CeeYey VOAY Ass
N IA] Ve VAA A
ALY N T A
VAN d1x VAN 1 Are

e e 4l 23S B 55 08 Ly S
S e Ty Slie (g las b s Ol YZ dmis i O,
> dBon > 2 sl el e il 3 e ol
Az slaoldl glsa 225 Loy il &1 (8) Jsd
Ao i 8 GO e 5 dins Sio b Ads
Al

s> ol b aler (225 65 Ol g5luans
e

elﬁgd{lﬁ‘f:ﬁélﬂ S Ol gsland (:Lf):
03538 p o e Sle al s s bl A 5 05 de pazee lilats
LS‘J" ol bl};i‘ ‘_;?qubu &MZ (\')J;»&Wlo.l& C‘fr.i.wl

slsp (SIS 4 65 Ol (Sluand
A g p3 4o gares Oldlate Oy s a5 ol s
e Glaoldl sleslen il b iy g3 culodds (g 3lwan s
el sl s 5 (A) S 53 5 ol et

wlo s ol QL&.:

SRR
S S ANAYATLY,

X2

o

AV N
AAAN Ly,
SVAVAVAVAVAVAYAS

R
A\VAVAVAY
QRS
PR

S
T
R

5
A ATAVATAN 4 re SpVAVAVAY VAVAY)
R R N S RN
S ISR N AR AR
P AV A A AT AY AT AT avaTs

()

o
CRE
CRRRES

RN

()

() plsa 225 €Uy ) podd sl e guuasSs 4 IS
GNVR iwda () NPL anka

Al SR 5 g Ol 4 by slis

Cmlod s &1 (8) Jadr 5> glsa 28 B0 85458 e
Oldi g0 e sNPL Loy sl 0Ll 7Y (5l annd opl)
oAb Lol cleds a3 L3 ;s GNVR L ol
Sfu')cﬂ\auclﬁﬂl@ojﬁa)wguijﬁ

M.
Aj=—"—@j=123)

1 ()
?p]-‘3ref
My
Aj=7——(i=j=456) (\¢)
7p]-‘5ref
Zo))_}j\ (’J"' Lf“'lJSLA Lgudl.aj‘ J.;L.u LS‘_)" K]
M;;
sz4ref

WJJJ? ;MJQL\L_: Lref}JL:.w JK}: Ji”l-:fp 45
ks ales 23S b bl Yseme & Sl glpa 22S

,f',‘_;éa;vw‘fajlg?j;fw;ﬂw

Sl s Flalns 5 (62,05 pale 4



Yo

Wuw—d%wéj&[djw—u[gﬂ};&

L5 033330 o e ¢ Slsbone (sla0lodl slites (2131 L 55
el C,.;L}' u».ij;LA LgLAQLoj\ JL&J Ls\f

0.06
- A22
AZB
» | |
3 L x— D4
=0.055 |- _— .
3 /
B o A
o
2 | «
"
172
4 |
=
o -
k7
g 0.05}
£
3 |
0.04 . P 1 P - -
: ;OOO 4000 5000 6000 7000
Grid_Number

JL.'ZSM‘;}_@\ S w;uJ)A\‘V}AYY L;ughdl C).j:::.'f AR Jg.:

NPL & s b olsm

0.015
: A11
- ——— A44
A55
o 0.01f e A
g - - '66
= AZS
3 i A35
() -
o
o
2 L
@ 0.005 /\ I
8 - T ]
=
o -
2 i A
[
£ i e
[a] ol
- oo o o e
_0.0057\\\\l\\\\l\\\\l\\\\l\\\\
2000 3000 4000 5000 6000 7000
Grid_Number

AV CATECACOATTAYTCATS lasldl ol sy VY IS

NPL M&J:&jﬁb@\}ﬁ&&sabj)ﬁ‘rf WJJLA

0.105
: AZZ
33

2 |
& L
g 0.09
ot |
(7]
o I
o
< -
1% N
g - —r— 1 —
c
2 0.075
1%2]
c -
Q
E I
a

0.06 -

I ERTUI RN RN R
2000 3000 4000 5000 6000 7000

Grid_Number
BE) OLJI slass J:_.:zj LgArr‘ Arr AA)J',}. (’I‘" g_,\i‘).p Q‘_)?:*‘: 'Y L}i‘;
GNVR 6 Jbsn b plsa 238

Lol 53 s o QLGS 1) b o3 b plgs 23S (g5leans

Cnlo s oalaial J:J'.’.)

KK
SRR

TN RN

AAVAvAVAVAY AV VAVAAD

RN DK

ﬂ#}iuuuvnﬂﬂﬂggg 5 NAYAVAVALS, vy, 7,

N
S SSEE0004 X

A\
AAE%V
v <K X s
/\ DALY
 RAVAVAVAVAVANANS s AViiq ith
'ﬁ%ﬂﬂmvggﬁgeﬁar‘%%?y
N AVAVAVAVAVAYY Yy 5o s T ray 27 27
VAV AVAYS s
LS8

)

fadn (C) plpn 23S (5 ol sboul e suneSd Vo S
GNVR i.ta (o) NPL

S5l o Ol e Ml sk
GOl S L Kbz Sss il (sl
03 edd a3 S S0 cbaoldl sl cleds pll il
EYLE FOLA FVAL 3 cwlele NPL s U (gl
e ol SO Dl xs s by e il Av0r 5 00
03 NPL b5 53 Slabee &3 sl a5 L eyl
S Sboles awdedd asls 0l (OY) 5 (V) la IS
o alie sl SOl sl 21350 L el s
S 1 e Ioad sasolis & Canlodd b Ly L5 6353
555 Ass 5 Az SOl uslie b il s el Slsloes
A 35ms J18S l o a Ll il S5 a4 Ags 5 Ass
Y S Sl e 7 S n IS IS e s e IS
ol dal g sy Az 1 5855 Az Oladl e (e
fedin b lpn 23S (g3lennd 53 INPL s L oLt
Sloaloes a3 VA 5 08V £6)1 Y FIYE 5 GNVR
S Lo 58l ¢ ol o Sl il Jls gl 5 Ceslodd eslina]
Lr ol 53 lodd €, (V8) 5 OF) sla IS5 5 oldl sl

Sl o Glwlms 5 (52,55 psle 4 0

’f"‘jiijw;ln)[gfjwdﬂ»



Lf/"j"dw/uj’}))‘/’)u;‘”/[.’L;'(}”(_{:“i{’)_}j}'/fﬁu“:'j;b")::”—

1

rﬁm;uéuowwv}'ﬁwwuﬁ (10) Jss
SLIGNVR s NPL s s 53 b alsn o iS (sl ens 33l
Sl Ol Sslas ol o in oS [ sboles .Culed i
(el NPL s 55 blae pslis 51 55,5 GNVR L
Mt A 5 caw ks 5> Sl 5 ads denlie gl o O
(U dsdr 53 sy 53 om 03538l 0 e sl 0L
b Laaslys 5 A 0Ll gl Ot Ol e ot &1
sl s cwl i Lol sle wcad Ags 5 Ags (g ks
53 L 6 Lege S5l [y OVl o 1S Ass s Ass
S plS o oS ol cal 358 13 e sl sy
JMEe 5 Aledd day Ok 355 s Ipb a5 L ol 2
33 2 3 Csled i eslin ol (gl 05k gl S Sk
s QLSS b5 2
O_l\);euw)ﬁhmjsﬁéwl;'schﬁw\
sl b i8S cxle s Jlae glaania 51 gl
b jatls SleS e8! e o sl e 5 L
C.?QAA_.JGJ.;‘))EAQ s O35 Ankin 93 OLSl (
Serlas glagsloand 53 855 mlo b G5 slaandn
Shre Ulge 4 b 2S5 Gl sle e 5 Lsd 2505

.;;J}Jﬁéjﬁjaw\&ﬁgbd\élﬁ

0.02
i —=— A, -GNWR
[ — 40— A,-NPL
—— A,-GNVR
0.015 - T e
? I ——a— A,-GNWR
g N — 4 — A,-NPL
s [
- 001 - = s ———=
@ I
° -
° [
- | pul
© 0.005 - = S —D -
Q<
5 [ Y o — — 0 - — —o— —— — <
9 [
2 oF N N S Y, W P S
5 I
£ r
&) [
-0.005 -
_0.01’”H|HH|HH|HH|HH
2000 3000 4000 5000 6000 7000

Grid_Number

B 93 Sl plsd 23S 53 u Ane Acee Ass b amlis N0 I
Cilises ilbs 5Lkt gl GNVR 5 NPL

0.015

0.01

0.005

Dimensionless Added Mass

. . | |
3000

4000 5000
Grid_Number

L.»An‘ Ace¢ Aot Axie Avae Are a)}).‘é\ £ ;,,1.}.,,9 Q‘j:.:;u Ve Jg...l

GNVR &y b b plsa 228 55 Oledl sl o5

T
6000 7000

o

S
=)
o
o

ol jlaie GNVR Lés 5 5 ¢ )3 o> L alis
S sl 5 el Kosp - 4 5l Ass,Ass 5 5 A2z, Asg
NGV A EEIL I WO S BT PR W Y
o oAl GLOW pislis 0 by o i (0) Jsir
Lroml o3 das e 0L 1, GNVR 5 NPL Lés 5 55 Loes 58l
S el ao Agg Ol Jluie olsa iS Lo OV
Ob o Coslie 5 s 4 LASIL Oud wlol cls 4 ol ol
I ol s iCalodd sl olsa 0S5y &S s
5 A Ll Caaal Sl A 5 Ags (g kb e Oladl g 50

A sl i b 88 ol L

Lslsn (23S Gl eas 3l o il ey Oy il o 0 s
GNVR 3 NPL & s

Gu b pis RV R oAbl
GNVR NPL
Gy NEAL An
+/YAAO /ro0TY Ay
RV /0744 Are
Jrenao Jrvraoy A
JeeYegy /eaYov A
Joarey ey An
—/vengY oY Ar
Jrenty SYERRY: Ars

’f"‘_;éo;vw‘fa/'[g.?jwd[w

Sl s Flalns 5 (62,05 pale 4



YV

;;&Lﬁw—w&[é‘gj(ﬁ[@jw—u[gﬂx};&

oWl oy, SOT @ ax 5 L .ol NPL &y 51 22 GNVR
;\st@muu\wé@);@@w@j\@@f
i 3y Sl EalS Cud 4 lales gbaOL
CFD SIS sla oy 5l SV Dl Slislows ol s
ol el b J b Sl ) 03 b 3
3 3h e aelme Y o b o3y 8l o Sl il
2 SRS ke ol 5 ISG s eds Gileang O

i el ala S oL

63338 p o s Sl das O Ol Ay
OF o Sy plad a
R b
oS b G
aasie b Lref
03558 p o lAds Madded
03558 p 2 Sl OLJI M
o by e n
I W S
Joily 25 s v
Ol ey U @
ol = ds a5 ¢
asliolg
Added Mass 03938l p
Boundary Element Method S ol B,
Green Function RS &b
Airship 2l 228
Aerostat Sl I
Body Profile Sl b

Added Mass Matrix 03538 p = e Sbe

e B 93 (gl e 58l rﬁ-ﬁ;ua 6\;{@\:’ Sl sy N sl

GNVR 5 NPL
|Aij,NPL - Aij,GNVR| % 100 Sl
|Aij,NPL|

Yo/ An
£\ Axy
v4/4 Arr
YY/$ Ass
VA Aeo
YV/g G
WY/t An
YA Are

& S domesi
e Omt oskea S5 0Ll Ry Sl ol a5
Slaloe IS glate pd Canlolls eslizal sl sa 23S 6353l
Sl e Codlodld o3l ana 5 B35 S5, 505 2065 L
Sheslaial b 5 e e 55 e Djsoa 5L 0,5
22> IS @ (93505 Dpen 5 edd bl CunS ikl S
o ol Slls AS i shien Ll Cled
Silwand 08 dn 50,5 Lile Jsldie slaacdin (gl 0338l
o B L 0SS a5 0S5 slpedel Gty olis . colos
Gl s 5 Cledd alie Luily Ol sl hdos
el e s o i 5550 s b o sl
33 8lp Slabes U e skl s YY1 zaS
53 Caslodd o3lizel GNVR s NPL L5 53 L olsa i
Lo 5 p3 Ao gams ol pen 4 505 WS Sosen B0 Jdsn
23558 o sl GLOL mlE 5 Celedd (g5ladue
Al S s cdedd Al Il s (gl das O O sots
LacSIL 03 5 lsl b sy Coslodel st o Aus o o gs
LaeSIL Cnglie sasOLEs oS Conlols Slie slls OLdl oyl
N T S NI Ry | PESER-A SY PRSI G P
Il 53 el Jis (g B b ol s 4SO S aw ddis
Ol 5 o Al ho YT amio 4l D8 e e
L@l:.jp&j@.@loﬁ@bu&\ﬁdzisélﬂ}gﬂ:&a
Sl plse fiS 8558 e Glallell sled a5 Al odalis

Sl o Glwlms 5 (52,55 psle 4 0

’f"‘j—’;jwﬁfjlifjwdu



e Ol sl eslizal byl 225 02558 oo oy Sile e YA

&l

1. Liao, L., and Pasternak, I., "A Review of Airship Structural Research and Development", Progress in Aerospace
Sciences, Vol. 45, No. 4-5, Pp. 83-96, (2009).

2. Li, Y.,Nahon, M., and Sharf, 1., "Airship Dynamics Modeling: A Literature Review", Progress in aerospace sciences,
Vol. 47, No. 3, Pp. 217-39, (2011).

3. Banerjee, P. K. and Butterfield, R., "Boundary Element Methods in Engineering Science", McGraw-Hill London,
Vol. 17: (1981).

4. Au, M., and Brebbia, C., "Numerical Prediction of Wave Forces Using the Boundary Element Method", Applied
Mathematical Modelling, Vol. 6, No. 4, Pp. 218-28, (1982).

5. Choi, Y. R., Hong, S. Y., and Choi, H. S., "An Analysis of Second-Order Wave Forces on Floating Bodies by Using
a Higher-Order Boundary Element Method", Ocean Engineering, Vol. 28, No. 1, Pp. 117-38, (2001).

6. Zhou, Z., Lo, E. Y., and Tan, S., "Effect of Shallow and Narrow Water on Added Mass of Cylinders with Various
Cross-Sectional Shapes", Ocean engineering, Vol. 32, No. 10, Pp. 1199-215, (2005).

7. Lin, Z.,, and Liao, S., "Calculation of Added Mass Coefficients of 3d Complicated Underwater Bodies by Fmbem",
Communications in Nonlinear Science and Numerical Simulation, Vol. 16, No. 1, Pp. 187-94, (2011).

8. Ghassemi, H., and Yari, E., "The Added Mass Coefficient Computation of Sphere, Ellipsoid and Marine Propellers
Using Boundary Element Method", Polish Maritime Research, Vol. 18, No. 1, Pp. 17-26, (2011).

9. Mirzaei, D., Jafarian, A., Badri, M. A., and Zamani, M. R., "Evaluation of Added Mass for an Underwater Vehicle
Using Boundary Element Method", Tabriz Journal of Mechanical Engineering, Vol. 47, No. 3, Pp. 243-50, (2017).

10. Gomes, S. B. V., "An investigation into the flight dynamics of airships with application to the YEZ-2A", PhD diss.,
Cranfield University, (1990).

11. Gomes, S. B. V., and Ramos, J. G., "Airship Dynamic Modeling for Autonomous Operation", Paper presented at the
Proceedings, 1998 IEEE International Conference on Robotics and Automation (Cat. No. 98CH36146), (1998).

12. Li, Y., Nahon, M., and Sharf, 1., "Dynamics Modeling and Simulation of Flexible Airships", AIAA journal, Vol. 47,
No. 3, Pp. 592-605, (2009).

13. H. Lamb, "Hydrodynamics", Reprint of the 1932 sixth edition, Cambridge University Press, Cambridge, (1993)

14. Mueller, J., Paluszek, M., and Zhao, Y., "Development of an Aerodynamic Model and Control Law Design for a
High Altitude Airship"”, AIAA 3@ Unmanned Unlimited Technical Conference, Workshop and Exhibit, (2004).

15. Azouz, N., Chaabani, S., Lerbet, J., and Abichou, A., "Computation of the Added Masses of an Unconventional
Airship", Journal of Applied Mathematics, Vol. 2012, Article ID 714627, Pp.19 , (2012).

16. Tuveri, M., Ceruti, A., Persiani, F., and Marzocca, P., "A Mesh Based Approach for Unconventional Unmanned
Airship Added Masses Computation", SAE Technical Paper, (2013).

17. Tuveri, M., Ceruti, A., and Marzocca, P., "Added Masses Computation for Unconventional Airships and Aerostats
through Geometric Shape Evaluation and Meshing", International Journal of Aeronautical and Space Sciences,Vol.
15, No. 3, Pp. 241-57, (2014).

18. Kanikdale, T., Marathe, A., and Pant, R., "Multi-Disciplinary Optimization of Airship Envelope Shape", 10"
AIAA/ISSMO Multidisciplinary Analysis and Optimization Conference, (2004).

19. Currie 1G., "Fundamental mechanics of fluids", CRC press, (2016).

VEo) oo las ol 5 oo Sl Sl s Flalos 5 (53,05 pale 4



u@&j}f”@[}:ﬂj&}/}g/ﬁj&iﬂ ’f"‘j);JL«J‘/AJ[&g-JW‘JLA



e Ol sl eslizal byl 225 02558 oo oy Sile e )

’f:"_}Jo‘Jw‘faj%_}wJ@ ;{g&))d~ul>w_}d)jjgff&4;j«b



	EA(34-2)-2-jafarian-Revised-2
	2--jafarian-2.pdf

