
<bamZevguc ZgZeba ^\b`_gby `b^dhklb \ kbkl_f_ FlowVision

:1:1 :dk_gh\/ :1:1 >y^vdbg
Bgklblml Z\lhfZlbaZpbb ijh_dlbjh\Zgby J:G/

Fhkd\Z/ Jhkkby
:1X1 K_ev\Zq_\

Fhkdh\kdbc nbabdh0l_ogbq_kdbc bgklblml/
Fhkd\Z/ Jhkkby
<1B1 Ihobedh/

Bgklblml FZl_fZlbq_kdh]h fh^_ebjh\Zgby J:G
Fhkd\Z/ Jhkkby
K1<1 Debf_gdh/

Bgklblml \ukhdbo wg_j]bc J:G
Ijhl\bgh/ Jhkkby

:gghlZpby
Ijb\h^blky hibkZgb_ kbkl_fu FlowVision v2.0

^ey j_r_gby aZ^Zq ^bgZfbdb g_k`bfZ_fhc \yadhc
`b^dhklb/ hjb_glbjh\Zgghc gZ bkihevah\Zgb_
kh\f_klgh k kbkl_fZfb Z\lhfZlbabjh\Zggh]h
ijh_dlbjh\Zgby +K:IJ,1 Kbkl_fu K:IJ
bkihevamxlky ^ey ]_g_jZpbb ]_hf_ljbq_kdZy
bgnhjfZpbb h nhjf_ jZkq_lghc h[eZklb/ dhlhjZy
bfihjlbjm_lky FlowVision \ nhjfZl_ 950/1
Kbkl_fZ ij_^klZ\ey_l kh[hc bgl_]jbjh\Zggmx
kj_^m/ \ dhlhjhc ij_ijhp_kkhj b [ehd j_r_gby
khijy`_gu k kbkl_fhc \bamZevgh]h ZgZebaZ l_q_gbc
`b^dhklb1
< dZq_kl\_ ijbf_jZ bkihevah\Zgby FlowVision

^ey j_r_gby ijZdlbq_kdbo aZ^Zq ijb\h^ylky
j_amevlZlu \bamZevgh]h ZgZebaZ Zd\ZieZgbjh\Zgby
Z\lhfh[bevgh]h dhe_kZ1

Dexq_\u_ keh\Z= Fh^_ebjh\Zgb_ >\b`_gb_
`b^dhklb, \bamZebaZpby/ fh^_ebjh\Zgb_1

1. <<?>?GB?
Kha^Zgb_ ex[h]h h[t_dlZ ijhoh^bl ^he]bc imlv

hl b^_b/ l_ogbq_kdh]h aZ^Zgby/ ijh_dlZ q_j_a klZ^bb
wdki_jbf_glZevghc ^h\h^db/ ^h h[t_dlZ/
nmgdpbhgbjmxs_]h kh]eZkgh i_j\hgZqZevghc b^__1
Dhg_qgZy p_ev K:IJ 0 khdjZlblv wlhl imlv ^h
fbgbfmfZ/ \ b^_Ze_ bf_lv p_ihqdm B^_y 0 K:IJ 0
Ba]hlh\e_gb_ 0 H[t_dl1 >ey ^hklb`_gby wlhc p_eb
K:IJ ^he`gZ ij_^kdZau\Zlv nmgdpbhgZevgu_
k\hckl\Z ijh_dlbjm_fh]h h[t_dlZ1 Wlh
h[_ki_qb\Z_lky ih^kbkl_fZfb Z\lhfZlbabjh\Zggh]h
bg`_g_jgh]h ijh_dlbjh\Zgby +K:BI,/
\dexqZxsbfb/ gZijbf_j/ jZkq_l ijhqghklguo
k\hckl\ h[t_dlZ/ _]h \aZbfh^_ckl\b_ k hdjm`Zxs_c
kj_^hc b k jZ[hqbf l_ehf1 JZa\blb_ K:BI/
ij_^gZagZq_gguo ^ey fh^_ebjh\Zgby
\aZbfh^_ckl\by h[t_dlZ k `b^dhklvx/ l_kgh k\yaZgh
k jZa\blb_f bg^mkljbZevghc \uqbkebl_evghc
]b^jh^bgZfbdb +B<=>,1

Djm] aZ^Zq B<=> rbjhd 0 hl h[l_dZgby
kZfhe_lZ ^h l_q_gby iblZl_evghc kj_^u \

[bhj_Zdlhj_ ^ey \ujZsb\Zgby `b\uo de_lhd1
Khhl\_lkl\_ggh h[rbjgh b qbkeh fh^_e_c wlbo
l_q_gbc1
GZ ih^oh^u b f_lh^u fh^_ebjh\Zgby ^\b`_gby

`b^dhklb gZdeZ^u\Z_lky mkeh\b_ bo
bgl_]jbjm_fhklb k K:IJ1 >ey j_ZebaZpbb wlh]h
mkeh\by g_h[oh^bfh ij_h^he_lv [Zjv_j f_`^m
f_lh^Zfb \uqbkebl_evghc ]b^jh^bgZfbdb b K:IJ/
dhlhjuc aZdexqZ_lky \ lhf/ qlh ]_hf_ljby h[t_dlh\
\ K:IJ aZ^Z_lky \ \b^_ ih\_joghkl_c/ Z ^ey f_lh^h\
\uqbkebl_evghc ]b^jh^bgZfbdb g_h[oh^bfZ
]_g_jZpby h[t_fghc k_ldb f_`^m ih\_joghklyfb
wlbo h[t_dlh\1
Kms_kl\m_l g_kdhevdh lbih\ k_lhd/ dhlhju_

hlebqZxlky ^jm] hl ^jm]Z nhjfhc h[jZamxsbo __
yq__d >4@1 GZb[he__ bkihevam_fufb y\eyxlky k_ldb
ba l_ljZw^jh\ b ba r_klb]jZggbdh\1
F_lh^u ]_g_jZpbb g_kljmdlmjbjh\Zgghc k_ldb ba

l_ljZw^jh\ \ gZklhys__ \j_fy ohjhrh hljZ[hlZgu b
rbjhdh bkihevamxlky ^ey j_r_gby ijhqghklguo
aZ^Zq f_lh^Zfb dhg_qguo we_f_glh\1 H^gZdh
lhqghklv b kdhjhklv j_r_gby mjZ\g_gbc
]b^jh^bgZfbdb gZ lZdhc k_ld_ y\ey_lky g_\ukhdhc
ih kjZ\g_gbx kh kdhjhklvx jZkq_lZ gZ
kljmdlmjbjh\Zgghc k_ld_ ba r_klb]jZggbdh\1 GZ
k_]h^gyrgbc ^_gv ihkljh_gb_ k_ldb ba
r_klb]jZggbdh\ [_a ³iehobo´ yq__d +l1 _1 yq__d k
[hevrbf hlghr_gb_f iehsZ^_c klhjhg,
ij_^klZ\ey_l kh[hc k_jv_agmx ijh[e_fm1
< aZ^ZqZo B<=> h[uqgh ijbkmlkl\m_l [hevrZy

jZagbpZ ijhkljZgkl\_gguo fZkrlZ[h\/ keh`gZy
]_hf_ljby h[t_dlh\ \ jZkq_lghc h[eZklb b rbjhdbc
gZ[hj nbabdh0obfbq_kdbo ijhp_kkh\ b y\e_gbc/
ih^e_`Zsbo mq_lm ijb fh^_ebjh\Zgbb ih\_^_gby
h[t_dlZ1 <k_ wlb ijhp_kku g_h[oh^bfh jZaj_rZlv k
\ukhdhc lhqghklvx b fZdkbfZevgh [ukljh1 Wlh
^hklb]Z_lky bkihevah\Zgb_f jZkq_lguo k_lhd/
Z^Zilbjmxsboky d j_r_gbx b ]_hf_ljbq_kdbf
hkh[_gghklyf jZkq_lghc h[eZklb1 Ijbq_f
bkihevah\Zgb_ Z^Zilb\ghc k_ldb p_e_khh[jZagh
lhevdh ijb gZebqbb [ukljhc kbkl_fu __ ]_g_jZpbb b
Z^ZilZpbb1
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< gZklhys_c jZ[hl_ jZkkfZljb\Z_lky kbkl_fZ
FlowVision >5/6@/ bkihevamxsZy f_lh^ jZkq_lZ
mjZ\g_gbc ]b^jh^bgZfbdb/ hjb_glbjh\Zgguc gZ
bgl_]jZpbx \ K:IJ1 < kbkl_f_ bkihevam_lky
ijyfhm]hevgZy k_ldZ \ h[eZklb jZkq_lZ/ ]_g_jZpby
dhlhjhc g_ aZ\bkbl hl ]_hf_ljbb h[t_dlh\1
Ih\_joghklv h[t_dlh\ ij_^klZ\ey_lky \ \b^_
iehkdbo nZk_lhd/ kha^Zgguo \ K:IJ1 >ey mq_lZ
]jZgbqguo mkeh\bc gZ ih\_joghklyo h[t_dlh\
ijbf_gy_lky f_lh^ ih^k_lhqgh]h jZaj_r_gby
]_hf_ljbb1 F_lh^ j_r_gby mjZ\g_gbc hkgh\Zg gZ
dhg_qgh0h[t_fghf ih^oh^_1
Ih^kbkl_fZ bg`_g_jgh]h ijh_dlbjh\Zgby/ djhf_

khijy`_gby ih nhjfZlZf ^Zgguf k kbkl_fZfb
K:IJ/ ^he`gZ bf_lv khhl\_lkl\mxsbc
ihevah\Zl_evkdbc bgl_jn_ck1 Bgl_jn_ck ^he`_g
ih^qbgylvky ijbgpbim :<6,:<* b [ulv
fZdkbfZevgh ijb[eb`_g d klZg^ZjlZf/ ijbgyluf \
bgl_jn_ckZo K:IJ1 Qlh[u m^h\e_l\hjblv wlbf
ijbgpbiZf/ kbkl_fZ FlowVision hkgZs_gZ
\kljh_gguf [ehdhf \bamZevgh]h ZgZebaZ
]b^jh^bgZfbq_kdbo l_q_gbc1 ;ehd \bamZevgh]h
ZgZebaZ jZ[hlZ_l iZjZee_evgh gZ \k_o klZ^byo
jZkq_lZ ± dZd ij_ijhp_kkhj \h \j_fy aZ^Zgby
bkoh^guo ^Zgguo/ dZd kj_^kl\h [ukljh]h ZgZebaZ
koh^bfhklb j_r_gby ijb jZ[hl_ [ehdZ jZkq_lZ/ dZd
ihklijhp_kkhj ^ey ZgZebaZ ihemq_gguo j_amevlZlh\1
< dZq_kl\_ [Zah\h]h ijbgpbiZ ihkljh_gby
ihevah\Zl_evkdh]h bgl_jn_ckZ \aylZ b^_heh]by/
ijbgylZy \ kbkl_fZo K:IJ 8QLJUDSKLFV b 6ROLG:RUNV1
Bgl_jn_ck bf__l ^\Z \aZbfhaZ\bkbfuo hdgZ ±
]jZnbq_kdh_ hdgh b hdgh jZ[hq_]h kh
kljmdlmjbjh\Zgguf hibkZgb_f aZ^Zqb1
>ey beexkljZpbb \hafh`ghkl_c fh^_ebjh\Zgby

b \bamZebaZpbb FlowVision, \ gZklhys_c jZ[hl_
ijb\h^ylky j_amevlZlu j_r_gby aZ^Zqb h[l_dZgby
Z\lhfh[bevgh]h dhe_kZ/ ^\b`ms_]hky ih kehx \h^u
g_[hevrhc lhesbgu gZ ^hjh]_ +Zd\ZieZgbjh\Zgb_
Z\lhfh[bevgh]h dhe_kZ,1 <bamZebaZpby ih\_joghklb
\h^u iha\hebeZ ihgylv \ebygb_ jbkmgdZ ijhl_dlhjZ
rbgu gZ kljmdlmjm l_q_gby \h^u1

2. IJ?>KL:<E?GB? >:GGUO

2.1 :^Zilb\gZy k_ldZ k ehdZevguf
baf_evq_gb_f
>ey jZaj_r_gby fZeuo ^_lZe_c ]_hf_ljbb

jZkq_lghc h[eZklb b \ukhdbo ]jZ^b_glh\
jZkkqblu\Z_fuo \_ebqbg \ gZklhys_c jZ[hl_
bkihevam_lky ijyfhm]hevgZy Z^Zilb\gZy ehdZevgh
baf_evq_ggZy k_ldZ +:EBK,1
Kmsghklv :EBK aZdexqZ_lky \ ke_^mxs_f1 <h

\k_c jZkq_lghc h[eZklb \\h^blky ijyfhm]hevgZy
k_ldZ1 <u^_eyxlky ih^h[eZklb k hkh[_gghklyfb
]_hf_ljbb beb l_q_gby/ \ dhlhjuo g_h[oh^bfh
ijh\_klb jZkq_l gZ [he__ f_edhc/ q_f bkoh^gZy/
k_ld_1 Ijb wlhf jZkq_lgZy yq_cdZ/ \ dhlhjmx ihiZeZ
\u^_ey_fZy hkh[_gghklv/ ^_eblky gZ ; jZ\guo yq__d1
>Ze__/ _keb g_h[oh^bfh/ yq_cdb ^_eylky _s_ jZa b

lZd ^h ^hklb`_gby g_h[oh^bfhc lhqghklb1 Yq_cdb
gZqZevghc k_ldb gZau\Zxlky yq_cdZfb mjh\gy 3/
yq_cdb/ ihemqZ_fu_ baf_evq_gb_f mjh\gy 3/
gZau\Zxlky yq_cdZfb mjh\gy 4 b l1^1 Ijb ]_g_jZpbb
:EBK gZdeZ^u\Z_lky mkeh\b_/ qlh ]jZgyfb b
j_[jZfb fh]ml ]jZgbqblv ^jm] k ^jm]hf lhevdh
yq_cdb k ghf_jZfb mjh\g_c/ hlebqZxsbfbky g_
[he__/ q_f gZ _^bgbpm1
LjZ^bpbhggh \ ih^kbkl_fZo K:BI ^ey

fh^_ebjh\Zgby ^\b`_gby `b^dhklb bkihevamxlky
g_kljmdlmjbjh\Zggu_ k_ldb +^ey kbkl_f gZ [Za_
dhg_qgh0we_f_glguo f_lh^h\,/ eb[h
kljmdlmjbjh\Zggu_ fmevlb[ehdh\u_ k_ldb +^ey
dhg_qgh0h[t_fguo b dhg_qgh0jZaghklguo f_lh^h\,1
Yq_cdb lZdbo k_lhd \^Zeb hl ]jZgbp jZkq_lghc
h[eZklb bf_xl ihklhyggh_ dhebq_kl\h khk_^gbo
yq__d/ khijbdZkZxsboky ]jZgyfb1 < hlebqb_ hl wlbo
k_lhd yq_cdb :EBK bf_xl i_j_f_ggh_ dhebq_kl\h
khk_^_c 0 \ lj_of_jghf kemqZ_ ih ]jZgb k yq_cdhc
fh]ml khk_^kl\h\Zlv eb[h h^gZ/ eb[h q_luj_ khk_^Z1
Wlh h[klhyl_evkl\h aZljm^gy_l j_ZebaZpbx
qbke_gguo f_lh^h\ k bkihevah\Zgb_f :EBK1
H^gZdh :EBK bf__l agZqbl_evgu_

ij_bfms_kl\Z ih kjZ\g_gbx k jZkijhkljZg_ggufb
k_ldZfb1 <h0i_j\uo/ [hevrZy kdhjhklv ]_g_jZpbb
k_ldb1 <h0\lhjuo/ :EBK g_ ij_^ty\ey_l \ukhdbo
lj_[h\Zgbc d hi_jZlb\ghc iZfylb dhfivxl_jZ ih
kjZ\g_gbx k g_kljmdlmjbjh\Zggufb k_ldZfb1 Wlh
h[mkeh\e_gh ^j_\h\b^ghc kljmdlmjhc :EBK/ ijb
dhlhjhc dZ`^Zy yq_cdZ k\yaZgZ k k_ldhc gme_\h]h
mjh\gy/ bf_xs_c ihegmx ]_hf_ljbq_kdmx
bgnhjfZpbx1 <0lj_lvbo/ ijb ]_g_jZpbb :EBK g_
ihy\eyxlky µiehob_ yq_cdb¶/ dhlhju_ bf_xl
kebrdhf [hevrb_ hlghr_gby iehsZ^_c ]jZg_c1
H[uqgh ijb bkihevah\Zgbb :EBK ]_hf_ljby

h[t_dlh\ \ jZkq_lghc h[eZklb Ziijhdkbfbjm_lky
µklmi_gvdZfb¶ +i_j\uf ihjy^dhf lhqghklb,1
Ih\ur_gb_ ihjy^dZ jZa[b_gby k_ldb hdheh
ih\_joghkl_c iha\hey_l mf_gvrblv \ghkbfmx lZdhc
ZiijhdkbfZpb_c ih]j_rghklv/ gh fh`_l ihlj_[h\Zlv
kebrdhf [hevrbo j_kmjkh\ dhfivxl_jZ/ qlh g_
iha\hebl_evgh ^ey K:IJ1 < kbkl_f_ FlowVision
bkihevam_lky gh\uc ih^oh^ hibkZgby ijhba\hevghc
djb\hebg_cghc ]_hf_ljbb gZ ijyfhm]hevghc k_ld_ k
bkihevah\Zgb_f f_lh^Z ih^k_lhqgh]h jZaj_r_gby
]_hf_ljbb1

2.2 F_lh^ ih^k_lhqgh]h jZaj_r_gby
]_hf_ljbb
F_lh^ ih^k_lhqgh]h jZaj_r_gby ]_hf_ljbb

iha\hey_l ij_h^he_lv [Zjv_jZ f_`^m K:IJ b
kbkl_fZfb fh^_ebjh\Zgby ^\b`_gby `b^dhklb1 Ba
K:IJ bfihjlbjm_lky bgnhjfZpby h ih\_joghklb
h[t_dlZ \ \b^_ gZ[hjZ iehkdbo/ \uimdeuo/
g_i_j_k_dZxsboky nZk_lhd +q_j_a nhjfZlu VRML
beb STL,1 GZ h[_bo ih\_joghklyo nZk_lhd klZ\ylky
]jZgbqgu_ mkeh\by b mdZau\Z_lky gZ[hj mjZ\g_gbc
]b^jh^bgZfbdb/ dhlhju_ g_h[oh^bfh j_rZlv ih lm
beb bgmx klhjhgm nZk_ldb1
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Jbk1 41 Ih^k_lhqgh_ jZaj_r_gb_ ]_hf_ljbb1 Z,
\u^_e_gb_ nZk_lhd/ i_j_k_dZxsbo yq_cdb k_ldb> [,
jZat_^bg_gb_ yq__d k_ldb gZ dhg_qgu_ h[t_fu

Imklv \ jZkq_lghc h[eZklb aZ^ZgZ :EBK1 GZ
i_j\hf wlZi_ Ze]hjblfZ hij_^_eyxlky dZdb_
nZk_ldb/ nhjfbjmxsb_ ]_hf_ljbx jZkq_lghc
h[eZklb/ ihiZeb \ yq_cdb k_ldb +jbk1 4Z,1 QZklb
nZk_lhd/ ihiZ\rb_ \gmljv yq__d/ gZah\_f hkdhedZfb
nZk_lhd> qZklb ]jZg_c yq__d/ hlk_dZ_fu_ nZk_ldZfb/
gZah\_f hkdhedZfb ]jZg_c1 AZl_f yq_cdZ k_ldb
^_eblky gZ dhg_qgu_ h[t_fu Vi/ h]jZgbq_ggu_
]jZgyfb yq__d si +beb hkdhedZfb yq__d, b nZk_ldZfb
gi +beb hkdhedZfb nZk_lhd, +jbk1 4[,1 ?keb \ yq_cd_
g_l nZk_lhd/ lh dhg_qguc h[t_f kh\iZ^Z_l k g_c1
JZkq_lgZy k_ldZ/ ihemq_ggZy lZdbf h[jZahf/

khklhbl ba ijyfhm]hevguo yq__d b yq__d
ijhba\hevghc nhjfu1 MjZ\g_gby ]b^jh^bgZfbdb
Ziijhdkbfbjmxlky gZ lZdh]h jh^Z k_ld_ dhg_qgh0
h[t_fguf f_lh^hf/ hibkZgguf \ jZ[hl_ >5@1

3. KBKL?F: <BAM:EVGH=H
:G:EBA:
Bgl_jn_ck ihevah\Zl_ey \ kbkl_f_ FlowVision

j_Zebah\Zg k ihfhsvx ^\mo \aZbfhk\yaZgguo hdhg
+jbk1 5,1 H^gh ba hdhg ij_^gZagZq_gh ^ey
hlh[jZ`_gby ]jZnbq_kdbo h[t_dlh\ ± ]_hf_ljbb b
j_amevlZlh\ \bamZebaZpbb l_q_gby `b^dhklb1 <
^jm]hf hdg_ hlh[jZ`Z_lky l_dklh\Zy bgnhjfZpby/
dhlhjZy hj]Zgbah\ZgZ \ \b^_ ^_j_\Z h[t_dlh\1
Ihke_^g__ hdgh h[uqgh gZau\Z_lky %JZ[hq__
ijhkljZgkl\h%1 Ih^h[guc bgl_jn_ck y\ey_lky \
gZklhys__ \j_fy klZg^Zjlguf ^ey [hevrh]h
dhebq_kl\Z ijh]jZff ih^Windows 95/NT.

Hdgh jZ[hq_]h ijhkljZgkl\Z bf__l ljb
jZa^_eZ ± ihklijhp_kkhj/ ij_ijhp_kkhj b
kijZ\hqgbd1 JZa^_e ij_ijhp_kkhjZ khklhbl ba iZihd
]jZgbqguo mkeh\bc +%B-Conditions%,/ ]_hf_ljbb
jZkq_lghc h[eZklb +%Geometry%,/ iZjZf_ljh\
("Parameters%, b k_ldb +%Grid%,1 < iZid_ ]jZgbqguo
mkeh\bc kh^_j`Zlky \k_ lbiu ]jZgbqguo mkeh\bc/
aZ^Zggu_ ^ey dhgdj_lghc aZ^Zqb fh^_ebjh\Zgby
^\b`_gby `b^dhklb1 < iZid_ ]_hf_ljbb \ \b^_
^_j_\Z ojZgblky bgnhjfZpby h nZk_ldZo/
h[jZamxsbo ih\_joghklv jZkq_lghc h[eZklb1 <
iZid_ iZjZf_ljh\ aZ^Zxlky dhgklZglu
fZl_fZlbq_kdhc fh^_eb ^\b`_gby `b^dhklb
+\yadhklv/ iehlghklv b l1^1, b iZjZf_lju f_lh^h\
jZkq_lZ hkgh\guo mjZ\g_gbc +dhebq_kl\Z bl_jZpbc/
qbkeZ j_eZdkZpbb b l1i1,1 < iZid_ k_ldb aZ^Z_lky
k_ldZ i_j\h]h mjh\gy b mkeh\by Z^ZilZpbb k_ldb1

=jZnbq_kdh_ hdgh j_Z]bjm_l gZ \u^_e_gb_
imgdlh\ ba hdgZ jZ[hq_]h ijhkljZgkl\Z1 GZijbf_j/
\u^_e_gb_ nZk_ldb ba iZidb ]_hf_ljbb \uah\_l
baf_g_gb_ kihkh[Z hlh[jZ`_gby wlhc nZk_ldb \
]jZnbq_kdhf hdg_1 <u^_e_gb_ ]jZgbqgh]h mkeh\by
\uah\_l hlh[jZ`_gb_ \k_o ih\_joghkl_c nZk_lhd/
dhlhjuf wlh ]jZgbqgh_ mkeh\b_ ijbgZ^e_`bl +jbk1
3).
JZa^_e ihklijhp_kkhjZ +jbk1 7, bf__l ljb iZidb 0

i_j_f_ggu_ +%Variables%, kehb +%Layers%, b h[t_dlu
("Objects%,1 P_evx \bamZebaZlhjZ ^Zgguo y\ey_lky
khklZ\e_gb_ blh]h\h]h bah[jZ`_gby ba jZaebqguo
qZkl_c ± keh_\1 Ih^ keh_f ihgbfZ_lky ex[h_
bah[jZ`_gb_/ ihy\eyxs__ky \ ]jZnbq_kdhf hdg_1
GZijbf_j/ kehyfb y\eyxlky bah[jZ`_gby ]_hf_ljbb
jZkq_lghc h[eZklb/ hjl kbkl_fu dhhj^bgZl beb ihey
kdhjhklb \ iehkdhklb/ ijhoh^ys_c q_j_a jZkq_lgmx
h[eZklv1
GZ[hj ba lj_o iZihd \ jZa^_e_ ihklijhp_kkhjZ

hij_^_ey_l ljb kihkh[Z aZ^Zgby ihevah\Zl_e_f
ihke_^h\Zl_evghklb k\hbo ^_ckl\bc ^ey khklZ\e_gby
bah[jZ`_gby1 Fh`gh kha^Zlv kehc/ hldju\ iZidm
%i_j_f_ggu_% b/ \u[jZ\ i_j_f_ggmx +gZijbf_j/
dhfihg_glm kdhjhklb,/ \bamZebabjh\Zlv __ gZ
jZaebqguo ]_hf_ljbq_kdbo h[t_dlZo +h[t_f/
ih\_joghklv b l1^1, k ihfhsvx khhl\_lkl\mxs_]h
f_lh^Z/ dhlhjuc kh\f_klbf k ^Zgguf
]_hf_ljbq_kdbf h[t_dlhf1 GZijbf_j/ \bamZebaZpby
bahebgbyfb \hafh`gZ ijb hljbkh\d_ gZ
ih\_joghklb/ h[t_fgZy \bamZebaZpby ± \ h[t_f_1
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Jbk1 51 H[sbc \b^ kbkl_fu \bamZevgh]h ZgZebaZ

Jbk1 61 Hlh[jZ`_gb_ we_f_glh\ hdgZ jZ[hq_]h ijhkljZgkl\Z
\ ]jZnbq_kdhf hdg_
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Jbk1 71 JZa^_e ihklijhp_kkhjZ1
<bamZebaZpby ^\b`_gby `b^dhklb \_dlhjZfb kdhjhklb1

Jbk1 81 H[t_fgh0ZgbfZpbhggZy \bamZebaZpby ^\b`_gby `b^dhklb fZjd_jZfb1
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Fh`gh kha^Zlv kehc/ \u[bjZy ]_hf_ljbq_kdbc
h[t_dl ba iZidb h[t_dlh\ b aZ^Z\Zy _]h f_lh^
\bamZebaZpbb1 Lj_lbc kihkh[ ± kha^Zlv kehc
g_ihkj_^kl\_ggh ba iZidb keh_\/ h^gh\j_f_ggh
\u[bjZy i_j_f_ggmx/ ]_hf_ljbq_kdbc h[t_dl b
kihkh[ \bamZebaZpbb1 < dZ`^hc iZid_ hij_^_e_gu
hi_jZpbb ihdZaZ2khdjulby2m^Ze_gby keh_\ b
]_hf_ljbq_kdbo h[t_dlh\1 LZdbf h[jZahf/ \
jZkkfZljb\Z_fhc kbkl_f_ \bamZevgh]h ZgZebaZ
ij_^mkfhlj_gh g_kdhevdh iml_c kha^Zgby blh]h\h]h
bah[jZ`_gby1 P_ev lZdh]h ihkljh_gby bgl_jn_ckZ
aZdexqZ_lky \ h[_ki_q_gbb ]b[dh]h/ [ukljh]h b
ihgylgh]h ^ey ihevah\Zl_ey kha^Zgby bah[jZ`_gby1
GZjy^m k ljZ^bpbhggufb f_lh^Zfb \bamZebaZpbb

]b^jh^bgZfbq_kdbo ^Zgguo +hljbkh\dZ \ iehkdhklyo/
bahih\_joghklb b h[t_fgZy \bamZebaZpby, \ kbkl_f_
FlowVision [hevrh_ \gbfZgb_ m^_ey_lky h[t_fgh0
ZgbfZpbhgguf f_lh^Zf \bamZebaZpbb1 GZ jbk1 8
ihdZaZgZ \bamZebaZpby l_q_gby `b^dhklb k ihfhsvx
fZjd_jh\/ oZhlbq_kdb jh`^Zxsboky \ h[t_f_
jZkq_lghc h[eZklb b bf_xsbo g_dhlhjh_ h^bgZdh\h_
^ey \k_o \j_fy `bagb1 LZdhc ih^oh^ iha\hey_l
bkke_^h\Zl_ex dZq_kl\_ggh ij_^klZ\blv keh`gh_
lj_of_jgh_ l_q_gb_ \ p_ehf/ qlh[u \uy\blv
hkh[_gghklb l_q_gby +gZijbf_j \ha\jZlgu_ b
aZklhcgu_ ahgu,/ kljmdlmjZ dhlhjuo ^Ze__ fh`_l
[ulv bkke_^h\ZgZ k ihfhsvx ljZ^bpbhgguo
f_lh^h\1

4. FH>?EBJH<:GB? :D<:IE:GBJH0
<:GBY :<LHFH;BEVGH=H DHE?K:

< gZklhys_f jZa^_e_ ijb\h^ylky j_amevlZlu
qbke_ggh]h fh^_ebjh\Zgby Zd\ZieZgbjh\Zgby
Z\lhfh[bevgh]h dhe_kZ ± ^\b`_gby dhe_kZ ih kehx
\h^u gZ ^hjh]_ >5/7@1 JZkkfZljb\Z_lky mijhs_ggZy
dhgkljmdpby dhe_kZ/ ihdZaZggZy gZ jbk1 91 JZ^bmk
dhe_kZ iheZ]Z_lky jZ\guf 66 kf +46 ^xcfh\,/
rbjbgZ 53 kf1 Jbkmghd ijhl_dlhjZ khklZ\e_g ba
dZgZeh\/ dhlhju_ gZdehg_gu d hkb dhe_kZ ih^ m]ehf
φ / jZ\guf 30; 12,50; 250 ^ey jZaguo jZkq_lh\1
=em[bgZ dZgZeh\ b ]em[bgZ \h^gh]h kehy gZ
ih\_joghklb ^hjh]b jZ\gZ 5 kf1 <k_ \uqbke_gby
ijh\h^bebkv ^ey kdhjhklb Z\lhfh[bey 53 f2k +:9
df2qZk,1

< jZkq_lZo :EBK Z^Zilbjh\ZeZkv lhevdh d
hkh[_gghklyf ijhl_dlhjZ dhe_kZ1 J_amevlbjmxs__
baf_evq_gb_ k_ldb \[ebab ijhl_dlhjZ \ iehkdhklb
kbff_ljbb dhe_kZ ihdZaZgh gZ jbk1 :1
Ih\_joghklv \h^u/ \hafms_ggZy ^\b`_gb_f

Z\lhfh[bevgh]h dhe_kZ/ ihdZaZgZ gZ jbk1 ;1
Ih\_joghklv \h^u j_dhgkljmbjh\ZeZkv ba ihey
iehlghklb dZd bahih\_joghklv ihklhyggh]h mjh\gy1
GZ jbk1 ; \b^gu ^\_ \hegu/ jZkijhkljZgyxsb_ky hl
dhe_kZ 0 ghkh\Zy b dhjfh\Zy/ dhlhju_ ZgZeh]bqgu
dhjZ[_evguf \hegZf1 G_ihkj_^kl\_ggh aZ dhe_khf
ih^gbfZ_lky klhe[ \h^u b [jua]/ dhlhju_
fh^_ebjmxlky \ gZklhys_f f_lh^_ dZd kj_^Z k
f_gvr_c/ q_f m \h^u/ iehlghklvx1 AZ dhe_khf

h[jZam_lky ^hjh`dZ ihgb`_gghc lhesbgu \h^u/
ijbq_f [eb`_ d dhe_km \h^guc kehc fh`_l bkq_aZlv/
h]heyy ^hjh]m1

a) b)

Jbk1 91Fh^_ev Z\lhfh[bevgh]h dhe_kZ k
gZdehg_ggufb dZgZeZfb ijhl_dlhjZ> Z, dhe_kh

iheghklvx/ [, jZkkqblu\Z_fZy qZklv

Jbk1 :1 EhdZevgh_ baf_evq_gb_ k_ldb \[ebab
ijhl_dlhjZ

Z,

[,

\,

Jbk1 ;1 Ih\_joghklv \h^u \hdjm] dhe_kZ ^ey φ =
00+Z,/ 45180+[,/ 580+\,

Ih^h[gh]h jh^Z jZkq_lu/ ihdZaZggu_ \ gZklhys_f
jZa^_e_/ aZgbfZxl [hevrh_ \j_fy jZ[hlu
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dhfivxl_jZ ± hl g_kdhevdbo qZkh\ ^h g_kdhevdbo
kmlhd1 < kbem wlh]h ihevah\Zl_ex g_h[oh^bfh
dhgljhebjh\Zlv ijhp_kk jZkq_lZ ± ijbgbfZlv
j_r_gb_ h[ hdhgqZgbb ijhp_kkZ fh^_ebjh\Zgby/
baf_g_gbb iZjZf_ljh\ f_lh^h\ jZkq_lZ b l1^1 DZd
ihdZau\Z_l ijZdlbdZ/ hq_gv \Z`guf y\ey_lky
dhgljhev aZ^Zgby bkoh^guo ^Zgguo= ijZ\bevghklv
aZ^Zgby ]jZgbqguo mkeh\bc/ iZjZf_ljh\
fZl_fZlbq_kdhc fh^_eb ^\b`_gby `b^dhklb1 <
kbkl_f_ FlowVision [ehd \bamZevgh]h ZgZebaZ/
jZ[hlZxsbc iZjZee_evgh [ehdm j_r_gby
]b^jh^bgZfbq_kdbo mjZ\g_gbc/ iha\hey_l
hkms_kl\eylv lZdhc dhgljhev g_ihkj_^kl\_ggh \
ijhp_kk_ fh^_ebjh\Zgby1 < ijb\_^_gghf ijbf_j_
_s_ gZ gZqZevguo wlZiZo jZkq_lZ ih nhjf_
ih\_joghklb \h^u +kbevgh \hafms_ggZy ih\_joghklv
± [hevrZy ih^t_fgZy kbeZ/ keZ[h \hafms_ggZy ±
fZeZy ih^t_fgZy kbeZ, fh`gh hp_gblv dZq_kl\h lh]h
beb bgh]h jbkmgdZ ijhl_dlhjZ/ g_ ^h`b^Zykv
ihemq_gby hdhgqZl_evgh]h j_amevlZlZ b _]h
\k_klhjhgg_]h ZgZebaZ1

5. A:DEXQ?GB?
< gZklhys_c jZ[hl_ hibkZgZ kbkl_fZ bg`_g_jgh]h
Z\lhfZlbabjh\Zggh]h ijh_dlbjh\Zgby FlowVision ,
ij_^gZagZq_ggZy ^ey fh^_ebjh\Zgby ^\b`_gby
`b^dhklb \ l_ogbq_kdbo mkljhckl\Zo jZaebqgh]h
gZagZq_gby1 Fh^_ebjh\Zgb_ ^\b`_gby `b^dhklb
ijhbkoh^bl iml_f fh^_ebjh\Zgby mjZ\g_gbc
]b^jh^bgZfbdb k ihfhsvx dhg_qgh0h[t_fgh]h
f_lh^Z/ bkihevamxs_]h ijyfhm]hevgmx k_ldm
kh\f_klgh k f_lh^hf ih^k_lhqgh]h jZaj_r_gby
]_hf_ljbb1
FlowVision kh\f_klbf k kbkl_fZfb K:IJ dZd ih
\oh^guf ^Zgguf +q_j_a nhjfZl VRML ,/ lZd b ih
b^_heh]bb ihkljh_gby bgl_jn_ckZ ihevah\Zl_ey1
JZ[hlZ ijh\h^beZkv ijb nbgZgkbjh\Zgbb JNNB/

]jZglu � <9034045:6 b � <;0340337;71
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Visual analyzing fluid flows by
FlowVision
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Abstract

System FlowVision v2.0 for modeling fluid flows in
industrial applications is described. The system is created
for use with computer aided design (CAD) systems.
CAD systems are used as geometry generators.
FlowVision imports geometry in VRML format.
FlowVision is integrated system, where pre-processor
and solver of the system is controlled by system of visual
analysis of fluid motion. Results of modeling and visual
analysis of car tire aquaplane problem is presented as
example of using FlowVision for solving practical
problems

Key words: Computational fluid dynamics, fluid
visualization, industrial flows.
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