y unning tAe 2—% M/LnJ jumw/ /Q rogram
p au/ M/o(n[wan{

Sept. 30, 2001

jAe 2—;Z> winc[ funne/ dimu/afor program éui/ald on l%e exlz)em'ence you ga[nea’ p/uging u/it/L

If/w :s/wcé L‘uée experiment éimu/alfo;ﬂ rogram (as! :b j/mf ear/ier rogram dimu/alfefl If/w
P prog prog
éeéauio# o/ gas con/inetl to a If/u'n Ifuée, (l/edcr’iéing on/g lf/Le variations in If/Le gas c[endifg, pressure,
anc[ l/eé)city l‘/mt reduﬁ‘ n %e c[irecl‘ion a/ong L‘/Le fuée. jAe winc[ funne/ program aZio condic[em
f/ze ée/muior of gas /owin na a[uclf, éul‘ now L‘/L@ variations in l‘/w as state across Zf/Le w[a/f/L 0 f/Le
V 9 V
c[ucf are a/eécm'éec[ along Wif/L l%e variations a/ang f/w a/ucf ; /engf/L. ﬂoweuer, l%eée u/ina/ fm/me/
ows are SULL simplified from CLheir real life counlerparts. e simpli em assumin a

/ tll simplified from their real life countorparts. We simplifly them by g that
L%ere are no variations in L‘/Le state o/ If/Le gas n f/Le If/u'm! a,/imendion. j/u'd f/zimj Jimenaion s L‘/Le
c![recfion f/mf /minfd out o/ Zf/Le paper w/wn we c!raw /aicfured o/ L‘/Lg /é)w wil‘/L Zf/Le c[ucf ézngl‘/L as f/ze
Aor’izonfa/ axis cma/ f/w o/ucf wia’fﬁ as f/Le l/ertica/ one.

2—:b /%wﬂ in nalure:

Z?e/ieue it or nol, //uia’ //owd t/wcf are we// appmximaieo[ ég 2—:2) moa/e/é /iée L‘/Lié a/a exist in
nalure. /9 er/m 5 f/Le most umi/iar exam /e 1% f/Le /ar e-scale weuféer. %0 one com /m’m f/mlf
P P g P

wealf/zer maps n f/w newspaper are Q—ib c[rawingd, 5/Lowing on/g variations in air Ifemperalfum, /)r

exampéz, n f/w norf/z—douf/L anc[ east-west c[ireclfiond. j/wre IZ] o/ course dfr'ong Aca/ variation in
f/Le Uerl‘ica/ a/irecﬁon, as is aéuioué if you dimp/y 5L‘e/9 ouféic[e anc[ Aaue a /ooé at l‘/w weal‘/wr.
ﬂoweuer, fAe:ie uerﬁca/ variations Ifena/ to ée rou A/ t/Le same al e(lC/L /wrizomfa/ Z)caﬁon. j/Le

gty A

are caudea/ main/y éy L‘/Le c/zangea in atr pressure, femperalfure, cmc[ Jendil‘y L‘/Lalf come /é*om f/Le

alfmo:sp/wre; con/inemenlf to lf/ze earf/z éy If/w earl%; gral/ify. ./4nyone u//w /mé c/imée«! a /Lig/L

mountain énowd %alf f/w air gefé coo/er at /Lig/wr aﬁituJed. j/ you cémé mm//; /Lig/L, you aéso

Anow f/ml‘ f/w air gels f/Lirmer'. Zguf L%eée l/erﬁca/ varialtions are aéald I,‘/Le same ever u//wre. jf

Vi Y
cloednyt malter wéere you puf a mounlfain, f/Le air al ils L‘op Wi//a/wayd ée coo/er am[ f/Linner. jAe



variations in If/w afmod,a/wre anf most oéw'oué/y c[m'(/e M/euféer', al /eudf /Lere in f/Le upper MJwedf,
come %om L‘/Le /Lom'zonfa/ winc[d, w/u'c/z ém'ng regiond o/ Ji//erenlf Ifem/oerufure air to us /&mm some

olf/zer /ocafion. j/u':s s o/ course a /m‘ge/y Ifwo-climenéiona/ e/%ch. j/md Q—:ZB weal‘/wr' maps
contain most 0/ f/w L'n/ormal‘ion we neec[.

&perimenta/ Jet—u,o:

e experimental situation simulated in the wind tunnel program is the flow of air from loft
to right down the longth of @ duct, or wind tunnell which contains a step. The walls of the duct,
including the step, are impenetrable and unmovable, by assumption. We can think of them as
constructed of vory thick steol. But perhaps steel is not the right matorial for us to imagine,
because we will also assume that the walls of our wind tunnel do not conduct heat at all. In the
simulation, the temperature of the air will be entively unaffocted if it is located next to one of these
walls. Ubu can imagine that the wind tunnel is made of some thermally insulting material, lhe
wood or plastic, s0 that it does not afffect the air tomperature near it. _Alomatively, if you profer
you can imagine that the wind tunnel is very large. Then the large size of the wind tunnel would
limit any offocts of thermal conduction to a thin layer of gas right next to the walls. I/ the wind
tunnel were lurge enough, that luyer would be s0 small that we coull simplly ignore its existonce in

our dimu/afor program. j/u'd :iecom! way o/ Z)oéing at L‘/Le experimenf 2] L%e Aelffer one, since rea/
wim! fmme/é are uéua//y muc{e o/ dfeeZ a gooc[ fAerma/ com[uclfor, éut l‘/wg are udua//y /m'ge
enougé tAal‘ an/y very L‘/u'n /uyem o/ gas near f/ze wa//é are u//éctea/ éy /Leal,‘ l,‘mm/ér to or /éwm f/wde
walll.

The idea of the experiment we will simulute is that air flows in from the loft end of our wind
tunnel at a velocity that we will proseribe. The air strikes the stop in the wind tunnel and flows
around it. Mhis creates a bow wave, and the bow wave will refloct off of the opposite wall of the
tunnel, Ubu can got a better idea of this set-up by looking at the form painted on your computer
screon by the program.  his form is shown at the top of the nest page. Ubu can see the wind
tunnel's experiment section in the picture box on the contor of the form. I this smap shot of the
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N x-Grid Cells | [ [N Y-Grid Celis| |_ - |
Density | N Step Height | [ 100. | |
-0,?1429 Pressure | -33 N Before Step n |7 |7

X-Velocity | Mach Number

| -Velocity | Gamma | n m ’7 ’ ’

[ & | =

MAr—wormD

Density = Max =

he 'get title’ button at the top middle of this

/ér'm, WAL'C/L appears w/Len you start up If/w program, If/Le a/endilfg o/ L%e air in f/Le wina/ funne/ s

a[idp/ayec[ n J/Laale:i o/ gray. W/Life I%3 f/Le /Lig/wdf c[endilfy, am{ é/ucé %] f/ze Z)wedf. j/Le 5fe/9 n
L%e wina/ funne/ /Ler'e appears é/acé. Judf as in f/Le gadﬁz) program, you can deéch any a/ a
numéer 0/ alt/%zrenf Uam'aé/eé to a[iép/ay M//LiC/L c/mracfem’ze (li//érenf adpecf:s 0/ f/Le air //ow n f/Le
wimj Ifunnez ./45 in L%alf program, f/Le minimum ana/ maxcmum ua/ueé in f/Le 6/[5/9/617 wim[ow,
u//Lic/L are mappec{ to f/Le é/ucé anc! w/LL'fe /el/eéi, redpecfiue/g, are a[idp/ilyec[ n If/Le two text éoxed
ée/ou/ L‘/Le /ﬂ'cfm'e éox. j f/w Z}/& o/ f/w minimum t/a/ue; text éox s anof/wr WAL.CA gil/ed f/ze time

at M//LL'C/L %e snap Alwlf d/wwn n f/Le piclfm'e éox was tuéen. Ni is 0 /Ler'e, dince f/Le //ow /m:i not gef
started.)

a{]uéf %)r /un, L‘/Lg //ow I23 inilfia/izec[ wif/L a :smoolf/L c[enéilfg variation in L‘/Lg atr in:iic{e f/Le win(l
L‘unnez j/u'd wi// giue you :iomef/Ling inferedl‘ing to /ooé atl as L‘/w //ow c!eue/opé. _/4not/wr aé/aecf

JCS& /Q/QW Wml junne/&muézfor Uﬁer; gm’tje
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w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment )

N x-Grid Cells | [ [N Y-Grid Celis| I_ |
Density | N Step Height | [ 100. | |
Pressure | N Before Step n |7 — |
X-Velocity | Mach Number

B -velocity | Gamma | n m ’7 ’ ’

MAr—wormD

Restart
=

he 'get title' button at the top middle of this

of the initial flow that makes its subsoguent development more interesting is a shear luyor that is
introduced part of the way up from the bottom wall. Uou can see this if you select the s-velocity
Jor display. Then you see the picture at the top of this page. Since white represents the langest »-
velbcity (2.123, according to the text box betow the picture), we bnow that the air in the ugper part
of the wind tunnol is moving more rapidly to the right than that bolow it. The minimum air
velocity shown in 0, which is the velocity that the program sets in the grid colls inside the
immaovable stop in the wind tunnel

j/Le Ue/oc[lf n M,e /ower' section of air in t/w funne/ 5 given in L‘/ze fext éox aéoue f/Le icture
Yy g P
L%alf (s /ocalfea/ to L‘/Le Zz/é o/ lf/Le /aée/ “Wacé Muméer. i j/u'o fext on ina/icalfeé If/mlf L‘/Le air in If/Le
/ower portion o/ f/Le u/inc{ funne/ i85 moving to f/w rig/zlf at WaclL 2, L‘/ml‘ is, al twice its Jpeec{ o/
éoumf[. j/ze Z)w I2] inifia/ize(! n duc/L a wa Zf/mf L‘/w dounJ 4 eerj n If/u'é air (5 exacf/ /. j/md
y P y

JCS& /9/9744 M/mtl jurme/&mu/afor Z//éer‘; gm’tje
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its svelocity is 2. _Als the experiment procoeds, air will be injected at the lofl-hand boundary at
Wach 2 in the lower portion of the wind tunnel) and it will be injected at the velocity 2.123 in
the upper portion of the tunnel.  If you seloct for displuy the y-velocity, you will soe that this is
zor0 cverywhere in the wind tunnel. _As the air must flow around the step in the tunnel] however,

If/LL'd uerﬁca/ Ue/ocil,‘g Componenf wi// éecome non-zero in t/mf r'egion.

ﬂow to 4,090&/9 tAe names anal /ocaﬁond 0/ Jl:dé /l:/;d generatea/ 47 té,e program.‘

jﬂ, a,/i:scudding f/w experimenfa/ delf—up n t/ze x|

section aéot/e, we /Lcwe /'umpecl a/Leaa/ 0/ Oume%/ed Use the fle browser window that wil pop Up in a moment to specify
a full path and stem name for the tile restart files that

, must be written to disk for use by the individual tie
545/11«‘/7 W[Le”" you start up t/w program, you Update processes, The file browser window wil look as if
yoLl are being asked to give the name of a file that exists,

. / . wibien actualy you are intended to Lse it to specify a fle
are % rat orceﬁ[ to let L%e program /mow w/Lere it stem name and a directory to use for the file fles.

The tile files will all have machine generated suffixes

A/Lou/a/ wrile alwé /&/ed t/L(lt it nee(//é /é,, b woré. appendad to the stem name you specify, and they wil al

be placed in the directory you specify.

s/d me:idage éOX, 5/LOM/I’L ﬂ,t té/e I"Lgéf, /_’)0/_’)4 l/t/_’) on

your Screen to exp/ain f/u'd process to you. %u

must press the "OK button in order to proceed.  Immodiatoly thereafler, as advertisod, the
program will prompt you for the divectory to use for these files and the “stem name to which it will
appond suffines for individual working flos. It will prompt you for this information by bringing
op a sdandard o systom browser window, whose ase shoull be fomiliar to you from various

microdo A (I/(/im!ou/d /woc[uclfd, /I:AE WO% :25 or /Q ou/erp oint.

j/u'é %é égéfem érowéer wino[ow 1% dlwwn /Lere at L‘/Le rig/Lf. Zgy a/e/au/%, it pz‘tced you
im'fia//y n f/Le a/irecfory /éom w/u'c/t you /aunc/wcl t/Le M/L.VLJ funne/ Aimu/afor program. ~/d/éo éy
Je/au/é‘, Lt 5%/9/3/1:95 %Ol/t M/Lt/L a :mgge:slfec[ Jtem _— Look in: [ /=3 PPM2DgurS-20-01-smal-form = BB e
name for L‘/Le c[wé i/ézé L‘/mlf If/Le rogram u/i//

/ Prog

aul‘omaﬁca//g generate anc[ write into f/Lié

|-1PPMde24Vector091501
|-1PPMde24Vector 2D:32_091501
|-1PPMde24vector32_091501
|_1PPMInterpAndiraphicsvector
| ) sPPMyvector

|“1TleUpdate

|“1TleUpdatevector

a/ir'ecfory /ar' into f/Le (/[L'r'ecfor'y f/mt you 5/926[ Y

File name:

éy mam'pu/uﬁng f/w émwder wimz/ow to point

eZiew/Lere If/mn its c[e/aué‘ /ocaﬁon/. j/zid
JCS& /9/9%4 M/mz! jurme/&mu/al‘or Z//éer‘; gm’tje
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I” Open s read-only
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Je/au%f stem name is “M/L'mljmmez 0 j/L[d stem name can ée moc[i/iea/, jo If/mi you can Aeep on
your /mm! Jwé /L’/izd %om one ducceéé/u/ experimenlf wilf/wuf ouerwrilfing If/wm u/il% L%e /L’/ed ﬁom a
:mé:se%uenf experimenf. WILi/e you are p/uying aroww[ wif/L lf/u'd program, /Loweuer, you wi//
praéaé/y %nJ it convenient to dimp/y use L%e a/e/au/f c[[r'ecfor'y ana/ %é name stem. jéié way eac/L
experimenf wi// overwrile f/Le redu/éd o/ If/Le /wel/ioud one, s0 anf your a/mé aloed not éecome c/oggea/.
jf s aZﬁo very eady to 5/9@&%7 lf/ze:ie L[e/au/é‘d, éecaude a// you /mue to L[O (s 55’”}’/% press L‘/Le ‘g'nfer "

éeg on your éeyéoam/ eac/L time one o/ L‘/Lede /iff/e WL.I’L(ZOWJ Pops up.
ﬂow o a/éer tAe /ocatian aml Jtrengté, o/ M,e JAear /ézyer in té,e winJ turme/i'

O/ course l:t L'J dim/a/edf tO acce/of tAe Je/ﬂu/t l/(l/l/ted Get height ofinﬁowilg contact discontinui il
%)V l‘/uz JAear /uyer n Zf/Le WL.I’L(Z funne/i éul‘ L/ you wou/o[ e Cancel |
/iée to c/wmge f/wm, t/ze program a//owé you to a/o do. ja &
clo tAL.:i) you must C/L.CA on f/Le éuﬂon /aée/ecl ‘:/dalt/ancea/ \Sjel,‘u/), ’ w/Lic/L IZ; /ocafecl on f/Le /orm
/'uéf to If/w /Zz/é‘ o/ lf/Le éig, reJ “/Qaude ’ éulffon aéot/e f/ze /aiclfure éox. ,/4n inpuf éox wi//pop up,
M/AL.C/L I%] d/wwn /Ler'e at lf/w m'g/Lf. jlf /ar'omplfd you /ér L‘/Lg uerfica/ /ocufion o/ f/Lid 5/12(1"’ /uyer,
meadurea/ in gm'a/ ce//é. j/w preéent z/a/ue i given as l%e Je/au/f, S0 f/mf L'/ you /'udf press your
‘Z]nfer " Le% If/u':i uerﬁca//ocaﬁon wi//nof ée a/éerea/. jn fAe examp/e d/wwn, f/ze numéer o/gm'J
ce//é wilf/t f/w /ower /Z)w-in paramefem is 38. j/u'o measure o/ l/erlfica/ /ocafion is to ée infer/arelfea/

in terms o/ L‘/L@ lfofa/ numéer o/ gm'c! ce//é n fAe uerfica/ c[irecfion across f/Le entire winc[ furme/
wiall%. j/wtl‘ numéer s giuen in f/Le text éox /'udf to l%e /e/é 0/ L‘/w /uée/ “W y—gma/ Ce/éi 0 al f/Le

Get density in region above contact discontint il
tO/) O/ fAe /orm. jﬂ, fAe case AAOWI’L /Ler'e, t/l(lt I’LMJ’}’LAQ}" I2] T
ype the value of the dansity above the contact
discontinuity:
64. j/Lere%)re t/Le 540@” /élyer 1:5 /ocafecl 38/64 O/ lf/w ﬂl
thy I/L/? rom tée éolflfom wa/[

o change the jump in donsity across the shear lagor, you can bype in a new value in the
input box that pops up affer you have made your decision on the shear layer vertical position.  Hhis
new input box is shown at the right hore. he prosent value of the air density in the upper region
of the flow is given as a dofautt. Once again, to loave this value unchanged, you can simply press
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your ‘Z’nfer‘ " éey. jﬂ, f/Le cade :S/Lown, f/Lié a/e/uu/é c[endify is 1.5. j/u'd Ua/ue is to ée comparea/
o 1, L‘/Le éui/f-in ua/ue o/ If/w Jendilfg o/ f/w acr If/ml‘ u/i// ée injeclfea/ ée/ow L‘/Le Alwar /ayer
/ocufion. jo Aaue no c/wmge n f/w c[enailfg across f/Le 5/Leur /6¢er, you can Ifgpe in | at f/Lid
prampt. Wol‘e t/mt f/w /aée/a/ f/u'é inlsz éox fa/éé aéaul‘ a “confacf o/idconl‘inuif% " raf/wr f/mn a
Alzear /ayer'. ;—bon’f worry aéomf tAL.d. \7ec/mica// , a conlact a,/idconﬁnuify 123 /'uét a :mr/ace at
w/u'c/t If/ze a/en:silfy o/ a gas C/Lcmged dutltlen/y, Aulf f/Le pressure a/oed not c/mnge. j/wre can ée d/Lear'
at .mc/z a contact z[idconlfinuilf% or f/wre mig/d‘ not ée d/LétlI" f/Lere. gy daying L‘/Laf f/Lid ﬁ[endilfy jump

is a contact c{idconfinuif% I%e winz[ funne/ program is fe//[ng you l‘/mlf Zf/Le pressure on eac/L diale, in

L‘/Lg in/ecfec[ atir, wi// ée L%e same. j/u'é /éafm'e i3 éui/é‘ into L‘/Le program. yau cannol set f/w
pressure o/ f/Le L'n/'ecfea/ atr. jf (s a/eferminea/ /éom f/Le /oinlf re%uiremenfé f/mf %e a/endify n f/Le

region ée/ou/ L%e A/Lear /ayer /or contact (!idconlfinuifg/ JIYITR 1Al <! -velocity in region above the contact di X|

Type the value of the X~velocity in the region above the

contact discantinuity:

ée / anc! L‘/L@ 5ounc! é/wecl n I%jé region must aéso ée /. Cancel

%u can céunge l%e /ump n l/e/acifg across fﬁe A/Lear'

/ayer éy enfem'ng a new U(l/l/te n f/Le in/)mf éox f/mf pops up a/%er you /Laue /oredcm'éec[ If/Le a/en:n'fy
aéot/e f/ze dlLear /ayer. j/zid new in/mf éox s altown at f/Le rig/LL‘. j/ you want to e/iminafe If/w

éltear at f/Lid contact c{idconfinuif% you can l‘ype in I%e same ue/ocify ua/ue L‘/Lalf 3 5/Lou/n in l‘/uz lext
éox /'IML‘ to L%e /e/& 0/ L‘/Le /uée/ “WaclL Wuméar. " gecaude L‘/w douna/ épeea/ n L%e incoming gas

ée/ow f/Le :leear /aye;ﬂ is 1, If/Le ue/ocilfg o/ fAL'J gas (s uZﬁo its W(ZC/L numéer. j/mé in t/LL.d
examp/é, Ifyping na ua/ue o/ 2 in If/Lid Lext éox wou/c[ e/iminafe If/w A/Lear at lf/u'é in/é)u/ing contact

a[i:iconf[nuify.

ﬂow o a/éer tAe Leigéf aml Aorizonta/ 'oodition o/ tAe dte,o in tAe wim[ turme/:

j/ze Aeig/tf am! /wrizonl‘a/ podifion o/ If/w Jlfe/a n L‘/Le wirw/ Ifunne/ are eadi/y a/é‘ere(l éy

enfering new ua/ued /Zr L‘/me paramatemf n f/Le a/apropriafe fext éoxed at L%e f0/9 o/ fAe %)rm. j/wée

parametem o/ f/Le experimemf are meadurea/ in lerms 0/ gric[ ce//é. j/w u/ina/ fumw/ section L%at s

Aimu/afea/ I2] a/wayd twice as /ong as it is wicle. j/md If/ze t/a/ue Jid/g/agec{ n t/w fext éox to f/ze /e/é

o/ If/Le /aée/ “%)(-g)m'a/ Ce//é i I2] a/wagd exacf/é; twice l‘/w ua/ue zjiép/ayec[ n lf/Le fext éox to lf/ze éz%f
chg /Q/QW M/mt! jurme/\sjimu/afor Z/éer; gm'tje
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of the label V] YGrid Colls” near the top-loft cormer of the form.  Ubu can change either of
these numbers in order to coarsen the grid resolution, s0 that the experiment will run faster on your
compuler, or to refine the grid resolution, so that the computed resulls will more closoly simulate
real gas bohavior. Whenever you change one of these numbers, the other is automatically adjusted
as well in order to heap the grid colls square and the wind tunnel longth exactly twice the wind

Ifunne/ M/it[t/t.

j/w /Lei /Lf 0 L‘/L@ slep in l‘/w winc[ Ifunne/i meuéurec[ n m'a[ ce//é, I23 c{id /u ea[ in l‘/uz text éox
9 P g play
to f/w Zz/é o/ L‘/L@ /aée/ “% &ep ﬂeig/zlf ’ near f/Le fop cenler o/ l‘/w Arm. ?/cm can cAtmge L‘/Lid
numéer to any a/eéirea/ ua/ue, a/é‘/wug/z L/ you fWJe in loo /arge a z/a/ue, an inpui éox wi///aop up
Alzowing you If/ze maximum dfe/J Aeig/zlf If/mlf s a//owecj %)r f/Le numéer‘ o/ gm'a/ ce//é If/mlf you /wu/e
épea/ée(l across L‘/Le wina/ funne/ wia/f/L. j/w /Lom'zonfa/ podifion o/ If/w u/ina/ Ifunne/ élfep s (!idp/ayea/
in the text box to the Lt of the libel “V] Before Stop” on the form. In this test box you ma
P you may
enter any a/e:iirea/ numéw’ o/ gm'a/ ce//é f/mf you wou/a/ /iée to Am/e éel‘ween fée /e/%—/wma/ éounc[my
ana/ If/Le %"onf o/ If/ze erp n your M/L'na/ Ifunnez Once agm'n, i/you Ify/oe na Ua/ue l‘/mf /L'ed oulfdic[e
L‘/Le éounz[d a/é;weJ Ay lf/Le program, an in/oulf éox wi// pop up u//Lic/L /md If/ml‘ éounc[ as a Je/au/é‘

ua/ue.

ﬂow to cAzmge tAe in—/%w maclt numéer:

A you have soen alveady, the speed of the inflowing air in the region below the shear leyer
is displaged in the text box to the lofk of the label "Wach Vlmber.” The Wach number of this
gas and its spoed are the same, since this gas has a sound spoed of ‘1 by construction. Ubou may
entor any desived Wach number value in this text box. I you entor a value loss than 1, the
inflows will be subsonic, and sound waves will be ablle to propagate up the wind tunnel's longth to
the inflow odge at the left. When sound signals reach this in-flow boundary, they will not be

L‘reatecj comﬂecl‘/y l%ere. jﬁere/ow, t/Le a/oerafion O/ tAé IDPO?VLIWL s COI’PQCt OI’L/% /él" :ibt/?el‘dOI’LL.C in-
//OW 5/)286!5, or L.I’L—//OM/ W(ZC/L numéem greufer' t/Ltll’L /
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Ubw will notice that below the Wlach number toxt box is a test box labeled "Gamma.” The
value displayed in this text box is 1.4 This parametor charactorizes the relutionship botween
pressure, donsity, and temperature in the gas in the wind tunnel. It is onlly of interest to experts
Uow are best advised not to change this parameter.

ﬂow to Aet tﬁe Juraﬁon ana./ out/mt 5n.a'o—5/wt /;'e?uency or your experiment:

Z?e/ére you run a u/ina/ furme/ experimenf, you neec[ to set fAe /oaramefem tAaf Wi// a/etermine

what and how much output wiltl be gonerated. _As in the Gast XD program, time is measured in
special wnits specific to your wind tunnel. He sound speed in the inflowing gas below the shear
luyer is always st to 1. The width of the wind tunnel is alio assumed to be 1. Those fucts
dotormine an appropriate measure of time, in wnits of the time that it takes sound, traveling at the
sound spoed in the gas below the shear layer, to cross the wind tunnel's width. Because the wind
tunnel is always twice as long as it is wide, gas traveling at Wach 2 will braverse the longth of the
wind tunnel in one of these time wnits,

The units that the program uses for your experiment are as follows. Lengths are measured in
wind fm/me/ wialz‘/m, Apeealé are measured in mu/é‘i/a/ed 0/ the sound Apeea/ 0/ the gas enlering the
tunnel at the lower lofl, donsitios are measured in units of the density of this entering gas, and times
are moasured in mulliples of the time intorval required for sound in this gas to travel a distance
equal to the wind tunnel width.  Thus, allormatively stated, the width of our wind tunnel is 1,
the density and sound speed in the gas entering it at the lower lofl is 1, and the time for sound to

Ifraue/one ngf/z unil in If/zi:i enfem'ng gas s a/éo /.

Judf as in f/Le gad/ :b exper’imenfa, we can use f/u':i very convenient agdfem o/ unils éecaude
L‘/Le Ae/wwior o/ L‘/Le gas tjoed not a/e/aenc[ upon If/w units If/mf we use to Jedcriée ilf, nor aloeé it Jepena’

upon L‘/w aclfua/ dize o/ our wirw[ lfumw/i do /ong as f/u'd I23 5u//éciemf/é¢ /arge to /'udh%/ our addumpﬁon
L%al‘ any Apecia/ /ayem o/ gas azmg I,‘/Le wina/ L‘unne/ wa//é can Ae ignarea/. j/ we say f/mt I,‘/Le
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wim! furme/ 5 one mi/e across r'alf/wr flmn one /ooi across, f/um f/Le time f/mf it wi// faée /or' f/Le
/OW to Jeue/o u/i// ée 5280 times /on er, éul‘ f/Le /ow wi// Jet/e/o n reciée/ f/ze same ua/u'on.
P g p in precisely

Mow l‘/ml‘ you un(lerdfunc/ l‘/w unils we use /ér If/w winc[ Ifumw/ experimenlf, you can c/wo:ie /Low

/Ong you want fAe e)(/aerimenf to run. j/gou run it /ér onty one time um'f, daurw/ digna/é wi//an/y

ave lime lo lraverse the wind lunnel wi once. 5 (5 lime enou or Lhese sound signals lo

have time to t the wind tunnel width This is t gh for th d signals ¢

/Jl/t:i/L L‘/Le gas n f/Le upper porfion Ifowam! L‘/Le upper wa//i s0 L‘/Lalf If/te gas n L‘/Le Awe# por’fion can

/é)w arounc{ lf/w dfep, éul‘ it is not enougA time %)r %ulf upper gas to pué/L éacé arw[ /1247, Ag means
o/ denJing re//ecl‘ev[ :iomw[ digna/é, to edtaé/id/L a more dfeac{y //ow n l‘/w wirw[ L‘unnez

_/45 a genera/ru/e o/f/mmé, :iamef/dng digm'/écant wi///mp/oen to your /sz in one time unit,
éut it u/i//faée uéouf 4 time units /or If/Le //ow to aaﬂ/juéf aﬁer you start it up in If/ze arfL%cia/dfafe
l%alf f/ze program sels up. ./45 L%e oulset o/ your experimenlf, L‘/Le gas wi// Ae //owing euerywéere
a[irecf/y to l‘/w rig/LL‘, urw[ L‘/wre wi// ée no y[idfuréanceé /aredenlf. jmmea[ialfe/y upon 5L‘ar'fing f/ze //ow
5£mu/afion, f/w gas wi// craé/L into L%e 5L‘e/9 in f/Le wina/ furme/ ana/ éegin to /ar'ce its way arouna’ il.
j/u'é process is /un to wafc/L, una/ it wi//fuée aéaut one lime unit. /_?ut it is uduu//y a gooal ic!eu to

run your dimu/alfion /ér' at émdf 4 time unils in ora/er to see /LOM/ f/Linga u/é‘imalfe/y almpe up.

:be/wm{ing upon /Low /ong you c/wode to run your experiment, you may :Ieéch a numéw o/
snap élwfd 0/ t/ze //ow per time unit L%af you want to save on your /mrc[ a/LdA n arc[er to review f/ze

//OW JeueZ)pmemf aﬁer your e)(/)erimenf P2 comp/elfe(l ﬂ)r clm’ing any time w/Len you c/zoode to pause
L‘/Le //ou/ dimu/alfion:i execulion ég c/icéing on L‘/Le 79 ause 0 éulflfon/. ge aware L%alf eac/z //ou/ snap
:slwf s a éifma/a /é/e conéidl‘ing o/ 3 éyfeé per /w'xe/ o/ your Screen n l‘/w region o/ f/w picfure éox on
L%e program ,5 %)rm. ;be/aena/ing upon f/Le reéo/ufion of your Screen, fAié miglLf vary %ﬂom // 3 WZ;
to 2/ 3 Wg Sauing a onuduna/ Mtcé éitmup /i/ed cau/a/ run into digm/é'canf dpace on your /mrc[
clm'ue.

\7/18 //OW Jl’L(l/? J/LOfJ f/mf yOI/t save can ée reuiewe«!%ﬂom tAe program /érm Ay mam'/m/afing
f/w uertica/écm//éur /l/tét tO t/Le /e/é o/f/w picfure éOX on fAe /OV‘WL. z/ou can tlZﬁO move /érwara/ or
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back one snap shot by wsing your arvow heys once this vertical seroll bar is activated. T save any
display that you particularly lhe, together with the form that shows the experiment s parametor
values, you can simply press APt Sern on your hoyboard while the program window is active.
A bitmap image of the form is then place on the clipboard, from which you can paste it into a
WORD document, a Powerloint presentation, or a Paint file for sharing with another student

or wif/t your instructor.

j/ you are /'u:ilf p/aging amunJ wif/L f/Le wirw/ fl/mne/ dimu/afor anJ c{o not wid/L to review

élforeJ snap J/Lof:i of your //owd, I%en you can 5/9ecié L‘/mlf on/, day, / snap JILOt per time unit ée

5al/ea/. you wi//éﬁ//dee l%e enlire //ow oleue/opmenl‘ as a movie as il is computea/ on your /QC éul‘
a/éer f/ze run s /im'd/Lea/, you M/i// not ée aé/e to review t/Le //OW Jeue/opment Wionuf running If/Le

experimenlf over aguin.

ﬂow fo run a win.J turme/ experiment:

M/Ag tlon}f you run an experimenf now? \S)L'nce it is so easy, W/Ly not judf accepf a// L‘/Le
o[e/auﬁd am[/'udf run w/zafel/er' /Lad éeen set up /or you wif/L no e/%)rf on your /am'f. Judf ire up f/Le
wina/ tunne/ éimu/afor éy a/cmé/e c/ic/zing on f/Le execul‘aé/e ﬂ/e ‘Ppm2$gui.exe ’ or
“/9/9 WQ:Z)guigma//jorm.exe 0 ana/ press enler eac/L time a flext inpuf éax pops up on your
screen. /_?e care/u/ to /Lat/e a/wé dpace auai/aé/e n L‘/Le a/ireclforg w/tere you /Laue p/acea/ L‘/Le program
execufaééz %/e j/gou c[o not /mue ElLdé dpace, fAen you A/Lou/a[ resel fAe ‘p/ob /Qer pem'oa[” to a
5ma// numéer, /L’ée /. _/4/%” predding “Cf'nfer 0 wéen L‘/Le /iml‘ fwo inpul‘ éoxed pop up, you are
reaa/g to éeg[n, untess you neea/ to reset If/Le amount o/ omf/ouf, run a/uruﬁon, or wAal‘euer you c/wode.
570 start L‘/Le dimu/afion, /'u:slf c/icé on L‘/Le éig green ‘Z?egin ’ éuﬂon near If/te rigélf lfop o/ L‘/Le /Zrm,
or dim/a/y press ‘g'nlfer. ’ you wi// /mt/e to press ‘Z]nlfer ”4 more Limes, as inpuf éoxed pop up, éul‘

L‘/Lalf; easy. j/Len you 5/Lou/a[ ée o//aml runm'ng. %)u J/Lou/c! dee a reaZﬁme movie o/f/ze cJend[ty
c[[dfm'éuﬁon n your winc[ tunne/ad your //éw c[el/e/olod.
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s/dﬁer a M/AL/Q, yOI/tl" JLJ/J/(Z% JAOM,/{,! /OOA ﬂée If/w Jl’l,(,lf) 5A,Ot 5/1011/}1 ée/ow j/ 70[4 M/dl’Lt a

shanper view of your flow, you can restart your run by clicking on the Westart” button and pressing
the ‘Ctor hoy when the input box pops up to ash if you wish to restart a partially complotod run
from a disk “vestart dump.” The foature of restarting from disk files from partially comploted runs
is broken a presont (2/6/01), s0 just press Entor when the input box pops up, and the simulator
program willl start your run again from scratch. When your form pops back to the boginning (not
oll windows will pop back, but don't be concernod about this), then you can increase the grid
resolution by modifying the V] UY-Grid Colls” toxt box value. _Aftor doing all this, and pausing
once more at time 1.69, your scroen displuy should look like the one shown on the nest page. If
you want to see this flow at reallly high resolution, and you have an hour or s0 to wait for the run to
tahe place, then at time 1.69 the flow showld look libe the snap shot shown on the page afler next

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
128 N X-Grid Cells N Y-Grid Cells | &7, Read
JRECE | >ccrid cois | YRR [N -Grid Celis | i3 | - |
Donsity | N Stop Hoigh] — |
0.71429 Pressure | - N Before Step n

o I [ oo perstep |
XVelocity | - Mach Number
BN Voo | EEERM oo | mm
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MAF—AwormD
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jﬂ, f/u'é dequence 0/ redu/éd compmfea[ at cﬁ/%zrent gm'a/ reéo/uﬁoné, you can See If/Le /oicfm'e 0/
L%e //ow appear to come into /ocud. j/te more gm'a/ ce/éj you use n L%e éimu/éllfion, If/w more c/é)de/éi
your reéu/%é wi// u/aproximufe f/ze /é)w o/ atr you wou/c[ dee in a rea/ 2—:25 u/iml funne/ /éuf you
5/LOM/6[ ée aware t/mf f/wre are no rea/ 2-23 u/[na/ L‘unne/é, on/éf rea/ 3-23 oneé/. M/e wi// use fée
most accurale o/ If/w //OM/:S Alwwn /zere to i//udfrufe If/w grap/u'ca/ a[idp/ugé f/mf you can get %'om I,‘/Lié

wina/ Ifunne/ program. ﬂoweuer, you can See L%alf you can gelf ?uife readonaé/e mpredent‘aﬁom o/
f/ze //ow wif/L on@ 64 ce/éi across f/Le u/inc! funne/ wia[f/z. Wf/L 128 ce//é, Zf/Le run taée:i on/y a
/éw minutes, anc[ it glves éel‘fer /oicflu-ed.

Vow we will discuss alll the difflorent represontations of this flow in the wind tunnel that you
can soloct by choosing from the items listed in the list box pluced just bolow the main display on the
Jorm. These difforent displays show difforent aspects of the fluid flow, and allow a scientist to sort
out the varioty of difforent wave signals and low phenomena in this rather complicated fow.

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | [E&Y Ii — |
Donsity | N Stop Hoigh | — G |
Pressure | “ N Before Step n “ |
XVelocity | - Mach Number

“ Y-Velocity | m Gamma | n ’7 ’ ’

- ~—
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= Min Density = Max =
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:Z)on’lf worry i/ you alo not comp/efe/y /é//ow f/Le {,JL'JCMML'OVL o/ f/w:ie L‘/Lingd ée/ow. j/w main point

of doing these wind tunnel experiments is to got an intuition from secing a number of flow examplls.
You should come away from plaging with this program with some fooling for the structures that
gou can highlight in a fluid flow by visualizing the difforent variables that you can seloct from the
itoms in the list box.

j/ze /L'le item is 0/ course f/ze L[endil‘y, L%e tle/au/% zlidp/é{y Uariaé/e If/mf we /Lat/e éeen /ooéing

al. j/u':s turns out to ée one o/ L‘/w most in/érmufit/e, anc! /Lence one o/ Zf/Le most alt//écu/é‘ c{ié/o/ayd to
inlfer/orelf. jor' now it is enoug/L to notice f/ml‘ L‘/w c[enéilfg /aicfur'e J/Lowd a duc{([en Jenéitg increase /a

compreddion/ o/ f/w air a/ong a %onl‘ t/mf s /ocatea[ updtream ﬁo fAe éﬁ/ /&om f/w Afep. j/u'd s a
éow A/zocé. jlf exisls éecaude f/Le air (s mouing Auperdonicu//g alown If/Le wina/ fumw/ j/wre/ére f/Le
atr /'u:slf streams dfmi?/u‘ Jou/n L%roug/t If/w funne/ unfi/ it gelfd %uife c/ode lo L‘/Le dlfep. j/wre, at If/w

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | [E&Y Ii - |
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/ocaﬁon o/ f/ze éaw élwcé, f/Le air A/amd into L‘/Le compreédea/ air anf /Lad pi/ea/ up in /éonf o/ If/LL':i
oéolfac/e. j/w A/La/ae o/ L‘/Lid éou/ d/wcé, dwepf éacé as we gelf /ur'lf/wr away /évm lf/Le élfep n If/w
uerficu/ c[irecfion, is not un/ami/iur. jf i3, a%fer a//i not f/mlf cf[t//érenf rom I%e J/Lu/ae o/ L‘/Lg éow
wave sel up éy a éoaf moving tAl"OI/L?/L L‘/Le waler o/ a /aée.

O course, there is one difforence from a boat's bow wave that is immediately visible in the
picture. That is the way this bow shock kinks as it strikes the shear layer in this channel. _Above
the shear layer the air is donser, and it is also moving fastor down the channel. o see this, you
can simplly position the cursor at any point in the display and clich the left mouse button.  Then
the values of the donsity, pressure, and - and y-velocitios will appear in the tert boxes at the top
loft of the form. his procedure reveals that in this experiment the inflowing density is 1 below
the shoar lager and it is 1.5 above it. he xvelocity is 2 below the shear layer and is 2.123

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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aéoue it. j/u'd means If/mlf M/Aen If/ze JAOCA encounters f/Lid upper region o/ air, it /ée/é more /arce in
L%e rig/zi—wara/ zlireclfion ﬁom L%L':i a/ender, /uélfer air. ﬂence it is not durpr’iding lf/mf lf/Le éow 5/Locé
1% dwe/alf /url%er éacé Jownél‘ream uﬁer it enters f/w':i region.

jAe shear /ayer is itde// cl/e//ecfea/ ég the 5/wc/z, which compresses the incoming air and /érced
it to flow toward the upper wall of the wind tunnel. Hhis is a natural enough bohavior, since it
mahes room for the compressed gas piling up in front of the stop to flow wp and over the step and to
proceed on down the wind tunnel. In this density display the shear layer stands out not bocause of
the shear but instoad bocause of the sudden change in density acros this lager. e shoar layor
traces a streamline in the flow down the channel. Ubu can visualize the flow streamlines bost by
solocting " Smoke  from the choices offored in the list box below the main plotting window on the
Jorm. I you do this, the form looks as shown on the previous page.

o generate this display, the wind tunnel simulator injects 8 equally spaced streams of smoke
into the flow at the lefl-hand boundary. Each smohe stream has a width, measured in grid coll,
that is 32 times smaller than the width of the wind tunnel. In the display on the previous page,
therofore, cach smohe stream is initially 8 colls wide. The smoke is injocted in cach stroam with
smohe density of 1. _Als the smoke is carvied along with the flow, it becomes compressed and/or
expanded along with the gas. The changes in the gray lovel of the smoke therefore reveal changes
in the gas density.  rom this display you can cloarlly so0 that the air flow is suddenlly doflocted as
it passes through the bow shoch.  The bow shock therefore sorves to turn the flow toward the upper
walll s0 that space is created in which the gas piling wp in front of the step can flow around i,
This doflocted air flow strikes the upper wall of the wind tunnel at supersonic speed, and a
voflection of the bow shock from that wall suddenlly turns this flow back into the channel.  he
change in the brightness of the smoke streams reveals that the air is compressed once more in
passing through this reflected shock front.  Finally, the flow is doflocted away from the lower wall
once again by still another shock front, which has formed just a bit downstream from the comer of
the step, where the air flowing around the cormer strikes the upper surface of the stap.
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Moﬁce If/mf n f/Le dmoée stream /)/of If/Lere 5 no inalicaﬁon 0/ If/w 5/Lear /ayer n L‘/u':i proé/em.
j/mf (s éecaude lf/ze déear s a/ong L‘/Le Jirecﬁon o/ f/ze émo/ee streams, aml L‘/Ler'e%)re If/w:se streams
cannot reuea/ its presence. ﬂoweuer, If/Le 5/Lear s ([ireclffy ap/aarenlf i/ you de/ecf as lf/Le p/oflfing
variable either the ilem . - Veloct " or "’ - Veloci 0 rom the Lisl of offerings. ese plols are

blo either the item " X-Vblocity Vilocity” from the st go. These plot
:S/LOM/I’L on f/u'é ana/ If/w next page. jn L‘/Le x—t/ezmilfy p/ot we can jsee f/Le :S/Le(ll" /ager %om If/Le poinlf 0/
its L'njecfion at If/w /eﬁ-/mna/ éouna/arg. gecaude If/Le y—t/e/ocify uanid/wd n L%e //ow as it enters lf/ze
u/im! funne/i f/w J/Lear' /ager 1%} inuidiézz on L‘/w g-ue/ocifg p/of unfi/ it is c{e//ecfec[ éy f/Le éow 5/1004.
j/w /argeélf 7—ue/ocil‘ied are rig/LL‘ at l‘/uz corner 0/ f/Le élfe/a, w/zere L‘/w atr rué/w:i up am[ arounc! lf/u'd
aédfac/e. \S)imiéw/éf, f/Le /mfgeéf X—Ue/ocitieé are m'g/tt éeéina/ féid corner, WAere fAe gas éuala/en/éf
rushes down the channel, sucke e tow pressure in lhe region ri enin e corner o e

hes down the channel, suched by the low p the region right behind th th
dlfe/o. jéid region /La:i éecome near/y euacual‘ea/ as If/w atr //ou/d upwaml arouml L%e :ifep, unaé/e to

. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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turn f/Le corner :i/mrp/y enoug/t to %// n f/LL'd r'egion.

e low pressure in the region ri above and benin e corner o e slep is5 visible on lhe
The low p the region right above and bohind th the step is visible on th
presdure pé)f, w/Lic/L s dlwu/n on f/ze next page. jn If/u'é pressure p/of you can See f/Le éow :IAOCA
ana/ its re//ecﬁon %ﬂom lf/w upper wa// éolf/L éiné mgéferioudé. j/Lede é[néd occur u//wr'e f/Le Alwcéé
pass f/moug/L f/Le AlLeur /uyer. /_?ecaude f/w pressure is constant across If/Le Alumr /ayer, it a/oed not
appear as a /éalfure on L%e pressure /o/of. jéud wil%oulf examining fAe pz)lfd 0/ l%e ol‘/wr' //ow
uariaééd, duc/z as t/Le Jendil‘y zma[ f/ze ueécilfy componenb, we cou/c[ not untler:ifam[ w/Lg f/wde d/wc/e

/é-onl‘d éiné M//Lere lf/wg a[o.

o mi e surprised lo nolice lha e minimum value o e x-vetocily in the plol on lhe
Ubu might be surprised to notice that th lue of the x-velocity in the plot on th

eur/ier page IZ3 negaﬁue. j/u'd /owedf ua/ue occurs in If/Le a/aréeét region 0/ t/w p/ot, W/LL'C/L s a
ému// region o/ atr recircu/afion a/img If/Le fop o/ f/Le dfep. j/u'd s caudea/ ég L%e interaction o/

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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shocks that refloct of the top surfuce of the step with a thin lager of hotter and more slowly moving
air there. This boundary lager” is not correctly described by the wind tunnel simulutor program,
and therefore you may regard this little recirculution region as a hind of experimental emor in this
numerica/ experiment. Meuerf/w/eaa, this sort o/ p/wnomenon is /ami/iar in rea/ /szd 0/ this lype,
50 it is not entivelly cloar that it is all wrong.

j/ze éedf ina/icalfion as to If/ze ormaltion o If/w éouna/ar /a er o Aoflfer, more 5/014// movin

¥ ey ¥ 9

air a/ong t/Lé fop o/ l‘/uz élfe/a n L‘/w w[nc[ Ifunne/ I2] giuen w/wn you 5e/ecf ‘Z]nlfropy i /é@m lf/Le

auui/uééz c/w[ced 1) /offin uam’aééz. j/w entropy is re/atec[ to f/w ratio o If/w ressure anc[ t/Lé
plotting Py P

o/endifg /L'n /ucf, to f/ze pressure c[iuicl/eo[ éy f/w Jendil‘g mu'dea/ to f/Le gamma power, wif/L gamma

e%uu/ to 1.4 for air, as Alwwn on If/Le %)rm/. fome?uenf/ S L‘/Le enfm/ay 5 a /Zﬁ/e /iée If/w

fem/aeralfure, wAic/L s /'udf a constant /acl‘o# times f/Le ratio o/ pressure to L[enéify. j/w enlfropg ,%t,

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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5A,OWVL on f/Le ne)(f fmge, szr/g L.I’L(,l/L.C(,lted tAﬂ,t t/Le gdd //owmg Ll/Ol’l,g t/Le tO/J :mr/ace 0/ L%e Alfep (s
l/ery /wl‘. j/ud AOZ' ?(15 appeam c!ireclf/éf (l/é@l" If/w //OW tul"l’Ld aroum[ t/Le corner O/tAe éfe/a, dn(! lf IZ}
f/zen L‘rand/aorfec! (!owndfream azmg t/Le tO/’) o/lf/w 5fe/9. \S)/LOCéd WALCA dfm'ée t/Le fO/o O/t/Le :ilfe/a mudlf

interact u/if/L L%L':i fAin /ayer o/ /Lof gas, ana/ one 0/ L‘/Lew interactions /ea/ to f/w /ormation o/ L‘/Le
dma//recircu/aﬁon region reueu/ea/ in t/w X—{/e/ocilfy /)/of.

ﬂow to interpret t/Le more unudua/ p&ﬂiﬂg Variaé/e a[idp/ézyd:

gﬂfmpg may Seem a /Jreffy u/eira/ uariaézz to you, ém‘ Z/ you f/u'né 0/ it roug/t/fl; as
fem,aerafure, it :S not so0 unuéuaz %ﬁer u//i n Winnedafﬂ Peop/e are /Lem/i/y concernea/ wif/L air
femperafure. ﬂoweuer, it is raf/zer rare to /éna/ anyone u//w Aad a concern in el/eryc[ay /é/é /ér L‘/Le

t/orficilfy o/ acr. guf t/LE uorl‘icify 5 one o/ lf/Le most i//uminalfing a[idp/agd f/mt we can maée,
/Jarficu/ar/g %)r f/Le 3—2) //owd we w[// ée uidua/izing /uier n f/Le course. Sa, w/mt 1% L‘/Lg

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
N X-Grid Cells N Y-Grid Cells [ ==Y Read
B[ T |
|10 JEOEE N Step Hoight] |
0.71429 Pressure - N Before Step “ “ |
X-Velocity — Mach Number | ’ ’

= ] oo [o.r
[« |
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Uorlficity? j/w wora/ Uarlfic[fg i3 a/em'//ecl %ﬂom vorlex, w/Lic/L re/ém to a Jwir/ing /ow /L'Ae a w/u'r/ 00/
or an ezlzjg in a stream. j/Le most /ami/iar’ situalion in w/Lic/L you oéwm/e vortices is proéaé/y w/zen
you /elf L‘/Lg waler out o/a diné or a éal‘/qué. W/Lalf you gel‘ s ca//e:!a éaf/ufué vorlex. jlf s I%e
5wir/£ng /ow L%al‘ a/el/ez;/ad /ud a redu/é‘ 0/ L‘/Le rolation o/ L‘/Le ear'fA/ as t/ze waler goes alawn into L‘/w
clra[n. /I/or‘ﬁced Jeue/ol) aZSo in rivers or streams as waler //ow:j m'ouna/ /Jr'ofrua/mg oé/ecfd /L’Ae
éou/a/em. Walfer //owing aroum! a éoalf /m// wi// /érm a pm'r o/ t/or’fice:i, one on eacA dit!e o/ L‘/Le
stern 0/ L‘/L@ éaal‘. j/wde vortices o/ L‘/L@ éoaf ’5 waée A/ain n op/ao:silte denses. j/zud f/zeir vorticities
/Lm/e op/aodife signs. %rﬁcil‘g measures l‘/w infendify o/ l/or-l‘icu/i or :iwir/ing motion. j/ze /adfer Zf/Le
5wir'/ing motion, l%e greal‘er f/Le magnifua/e 0/ L‘/Le uorl‘ic[f%. j/w sign 0/ fAe uorticif% o/e/aenald upon
If/w a,/irecﬁon o/ Apin. j/ we were lo Z)oé alown on f/Le waler //owing m'oumz/ a éoalf, %)r e,mm/a/e, we
wou/J Jee paim o/ ea/a/ied ée/u'nc[ it. j/ we were to maée a picfure o/ If/te t/orficify o/ L‘/Le waler, it
wou/c{ /Lig//ig/tf f/Lede ec[c[ied, éul‘ f/Le uorl‘icil‘y in f/Le two ec[c[ied o/ eac/z pair wou/c{ ée oppodil‘e n
M'gn.

j/Le Uor'lficify o/a //uicl or gas I2] a/éo /m'ge n magnilfua/e M/L'If/zin a %ﬂom‘, ca//ea/a dlzear /ayer,
L‘/Lalf deparafed two regiond L‘/Laf move in L‘/Le same c[irecfion éulf at a,/i/%zmnlf l/e/ocilfied. j) uidua/ize
f/zid, you can t/LI:I’LA uéouf wim! éé)wing over L‘/L@ 5ur/ace o/ a /aée. %y/ﬁf at lf/w dur/ace f/mre s a
/arge c/mnge n t/ze Ue/ocifg, wif/L fAe waler in f/Le /uée eddenﬁa//y not mal/ing ana/ wit/L t/ze air al
If/w Am/ace mor/ing pam//e/ to f/w dur/ace. %g/ﬁ at If/ze dur/ace l‘/Lem s a very If/u'n /ayer', a A/Lear
/ayer, n w/u'c/z If/ze ue/ocil‘y /aara/zz/ to L‘/Le dur/ace céanged %"om near/y 0 b L%e t/a/ue it /Lad some
readonaé/e a[idfunce, day / incA, aéoue l‘/w dur/uce. j/w uor'f[cifg s /arge n lf/u'é AAear /ager.
ﬂow can L‘/Lid ée, dince nau/Aere s t/w atr e){/déil‘ing a :su/[r'/ing or l/ar'fica/ mol‘ion? j/w way to see
f/Le situation is to téiﬂé aéaui one 0/ f/wde confra/ofioné w/wre L‘/Leg )(—ra% your carry-on éaggage at
If/w airpori. jé,id conlfra/)ﬁon uses a conveyor ée/f to /ou// your éag n umler' f/w )(—rag mac/u'ne.
your éag moves a/ong /Lorizonlfa//é;, éulf L%e Ae/é execules a uorlfica/ molion in ora/er to ac/u'el/e If/u'é.
j/w éwir/ing motion o/ lf/Le éeﬁ repredenlf:ﬁ a very e/ongalfec! vortex, éul‘ a vorlex none lf/Le Zzéd.

ﬂoweuer, asd 701/“" éag emergeé ﬂom tAe macéine, t/Le COI’L[/@%OV ée/f 58/’LJ5 Lt I’}’LOl/L-I’Lg onfo a W/LO/E
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/ine o mefa/ éaM W/Lic/L are free lo rolale. our éa comes /Lom'zonfa// fowaml ou, éuf it is

9 4 ¥
carw'ezl éy many rolfalfing mefa/ éum. gaclz o/ If/wde éard execules a cir’cu/ar molion, s0 eac/t /md
uorlficil‘y. gac/z éar rotales in lf/w dame c!irecfion, do lf/w uorl‘[cify o/ eac/L éar /m:s l‘/w dame sign.
/Oeréa § now you can l/iziua/ize /wu/ a deries o ‘Z'ne vortices, " L‘/w mefa/ éam in f/u'é exam /e,
ps now y p
arragea/ one rig/uf next to If/Le of/wr n a p/ane can /grocluce AAear. On folo o/ f/Le array 0/ vorlices,
L%L'ngd /gad mo/ecu/eé/ move in dl‘mig/u‘ /L'neé in one a/ireclfion, w/u'/e on f/ze éolffom o/ f/Le array o/
vortices f/u'ngé move in dfraig/uf /ined n L‘/L@ op/aodife c[ir'ecfion. j/u'd I2] f/ze reason Zf/mf a d/uzar' /ayer
in a gas or /i%uicl 5 a region 0/ /arge uorﬁcil‘g. jlfd ée/wwior s f/w same as we wou/([ gelf éy
/a/acing a w/w/e series 0/ /L'ne vortices 5[01/8 ég M'a/e.

jﬂ, fAe M/L.I’L(,l fz/mne/ e)(/)em'ment we /mue éeen alidcudding, f/Ler'e s a A/Lear /ayer enfem'ng f/Le
//éw r'egion /éom f/Le /e/é‘-/mna/ Aoumlarg. j/u':i :S/Lear /ayer (s L‘/Len Je/éxlfez[ L‘owamj If/ze upper wa//

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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by the bow shoch, and it is deflected once more back away from the wpper wall by the reflection of
the bow shoch.  The shoar lager is a region of strong vorticity. Ihus it showld stand out ifl we were
to mahe a plot of the vorticity in our wind tunnel flow. Such a plot is shown on the previous page.
Ay expected, the shear lager stands out.  Mowever, you will note that the strongest voticity is
located in a shear luyer right along the top of the stop in the wind tunnel. This is not surprising.
Cven if the Priction of the step s upper surface is assumed to be negligible, as it is in the wind
tunnel simulator program, this air would have to have come from the region of nearlly stagnant air
vight in front of the step. It would have turned sharply around the corner of the stop, and it is not
surprising that it onds up traveling more stowly downstream than the air just o little bit above it
whose progress was fur loss obstructed by the presence of the step. A couple of other shear layers
show up in the vorticity picture. These are formed from the intorsection of 3 shock fronts by a

mec/mnidm lf/ml‘ is too compézx to c!idcud:i /Lere.

jAe wina/ funne/ dimu/ator prouia/eé us Wif/L mu/%ip/e ways to l/idua/ize l%e ueé)cil‘y /ie/c[ o/ L%L':i
raf/Le;ﬂ compzzx //ow. %u can maée up your own mim{ aéomf Zf, éui to me it is not s0 ude/u/ to
ma/se /J/Olfd o/ L‘/Le Aeparufe X anc[ y ue%cilfg componenlfd. j/te reason /ér If/u':i n genera/ I2] lf/mf If/wre
i3 nof/u'ng dpecia/ uéouf eilf/wr L‘/L@ X or L‘/w y c[ireclfiond. ,/40&411// , n our w[nc/ fl/mne/i fAede
c[[recﬁond are L'na/eea/ A/Jecia/ ones. Meuert/w/eéé, /éal‘m'ed in f/Le /Aw, /L'/ze fAe various 5lwcé %ﬂonij
ana/ Alzem’ /ayerd, clo not a/ign fAemde/ued M/it/L fAe:ie two J/Jeciu/ a/irecﬁond. 7/{/9 mig/Lf we// wi:i/L to
énow If/Le c/mnge across a A/Lear' /ager o/ If/Le t/e/ocify n If/Le (lirecfion a/ong its /englf/z, éulf we can
oné gelf f/Lid /é’o;/n examining f/w X ana/ y ueé;cilfy componenfd ég going L‘/LrougA dome u/geéru, wif/z
sine ana/ cosine /uncfiond l%mwn in. So, o/é‘en in pracﬁce, ana/ /Jarficu/ar/y /ér 3—;2) //owd, we
c/wa:ie to uiéua/ize a z/e/ocify /ée/a/ in some way of/wr' f/tan maéing /aicfm'eé 0/ L‘/w L'nc[il/ic[ua/

c[idfriéuﬁond 0/ its x am[ y componenlfd.

j/Le dmoée streams L‘/Laf we injecf into our winc[ funne/ //ow repreéenlf one very e//ecﬁue way to

visualize a ue/ocify /ie/ﬁ[. j/w :imoée /ourtic/eé are tracers f/Laf are padé[ue/% carriec! u/ong wil% f/Le

/é)w, 5/L0wing us w/Lere omc[ Aau/ /udf it is going in l%e process. jée eye (s not s0 gooa/ at %)//owing
chg /Q/QW M/mt! jurme/\sjimu/afor Z/éer; gm'tje
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individual tracer particles, so we have injected continuous streams of smohe instead. In 3-2D,
following lots of individual particles bocomes especiallly difficull, because depth porcoption is hard
o achieve. MBut streams of smohe work very well.  Iu this example of the wind tunnel we have
already encountored o drawback of wsing streams of smohe.  They cannot reveal to us shoar in the
oo fold anliss the shear Lugers eross the straams of smoke. This problom can bo adressed by
injecting smobe into the wind tunnol in a checherboard pattomn. I cach square of the
chockorboard is several colls on a side when it is injocted, we showld be able to follow the distortions
introduced by the flow frold without having the pattorn alll blond together. Shear in any direction

s eadi/y a/efecfea/ n duc/L a /Jaffern.

Ahother way to view the volocity frold is to make o movie of the changing distribution of
some variable, lihe the entropy, that tends to be simply carvied along with the flow.  his
bechnigue serves two goals simullancously — it visualizes both the entropy distribution and the
velocity freld. Siuch a display takes some care to intorprot, but it is very powerful. _Actualll, the
vorticity distribution, which is derived directly from the velocity fheld, tends to be carried along with
the flow. horefore making movies of the vorticity distribution can bo a powerful means for under-

:slfancling I%e ueé)cifg /ie/c!. One must éui/o[ up a déi// /ér infer/arefing :mc/z l/i:ma/izufion:s, éul‘ one
s rewara’ea/ /ér c[oing 0 éy f/Leir' aéi/ify to communicale so WLI/tC/L L'n%)rmafion at one l/iewing.

7/{/2 /Lal/e aﬂ'eaa/y menlfionec{ fAe Uor'lficilfg. jlf re/wedenfd If/ze L'nfend[fy o/ Ju/ir‘/ing /or JlLear/

g)w. jlf i3 If/wre ore a/em'uec[ rom L‘/Le l/echilf L'e/J, anz[ it lfe//é us 50melf/tin very specific aéoul‘ it.
y g very sp
j/w l/orl‘icil‘y 5 one o/ a numéw o/ %uunﬁﬁeé L‘/Lalf we can u[duu/[ze l‘/mt 5/Low us w/wre 5omef/Ling
c/mngeé ana/ fﬁal‘ [gnare region:i n w/u'c/t t/ml‘ 50met/u'ng /Lad no c/mnge. j/w l/e/izcilly in our wina/
funne/ //éw c/wmged Mta/a/en/g across L‘/Le Aéear /ayer, omc[ fAe 5/Lear' /a%er %] Aigé/ig/ztea/ n L‘/w
Uorﬁcifg la/of. ~/d/ong f/ze folo a/fAe dfe/), f/Le Ue/ocify aZio c/mnge:i d/mr/)/y, ana/ t/u':i AAear /ayer JZ§
a/éo /Lig/L/ig/Lfec[ in If/ze (/orlficify p/of. ﬂoweuer, not a// t/e/ocilfy c/wmgeé are /Lig/t/ig/u‘e(! ég If/Le
uorficil‘y. jf l%e d/wcé %ontﬁ n l‘/w //ow l‘/w l/e/ocify c/mngeé :n/mlclen/ 3 éulf L%ere i very éff/e
uorl‘icif% aédociafea/ wil% l%ede éuc[a/en l/e/éc[f% céunged. j/mt I2] éecul/we 5lwcé %onl‘é compress L‘/Le
chg /Q/QW M/mt! jurme/\sjimu/afor Z/éer; gm'tje
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as in the direclion perpendicular lo the front. i35 simple, one-dimensional compression genera

gas in the direction perpendicular to the front. his simple, one-d. { compression generally
0es not produce much shear, and hence Liltle vorticily. 0 highli e changes in the velocily a
does not produce much shoar, and honce little vorticity. o highlight the changes in the volocity at
f/ze JAOCL /é@nlfd, we neev[ to Zyoé at L‘/L@ cf[idfriéuﬁon o/ domef/u'ng ca/ézc{ L‘/L@ ([iue;ﬂgence o/ I%e
ue/oc[fy /ie/c[.

j/Le a/iuergence o/ f/Le ue/ocify /L'e/cl, as ils name L'm,o/ieé, measures f/Le extent to M/AL.C/L t/w
ue&cilfg /ie/a/ corred/aomld to a chuerging //ow If/mlf causes If/te gas to e/v/aam[ am! L‘/Le gas (!endilfy to

decrease. e velocity divengence can bo positive or negative. Vhegative values cormespond to
converging flow and compression of the gas. One of the selloctions you can mahe for a visualization
of your wind tunnol experiment is the negative divengence of the velocity. In such a display, shown
below, the shock fronts are highlighted, since they correspond to regions of strong compression. he
strongly diverging Ylow right noar the cormer of the stop also shows wp prominentlly in this plot. It

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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s interedﬁng to compare t/u'é p/ot 0/ f/w negaﬁue Ue/ocify aliuergence wif/L t/w p/ot 0/ t/ze Uorlficity.
%olfice If/mf eacé c[ié/)/ay éringd out a zjb//érent anzj comp/émenlfary sel 0/ //ow %zafured.

j/wre T2 anof/Ler c[iép/ay 0/ t/Li:i L‘y/ae L‘/Laf we can maée w/Lic/L u/i// ém’ng oul éof/t If/w:ie sels 0/
//i)w éal‘m’ed atl once. jf I2] f/wre/ére a more a/i//icu/é alidp/ézy to inierpr'ef, éecuude it is not
immealiafe/ c/ear %ﬂom If/Le ali.fs/)/ay w/u'c/L éina/ o/ dua/a/en c/mnge T2 éeing d/wwn. j/u'd new sort o/
L[i:ip/uy s cu//ec[ a élmalowgrap/L. jf s a c/uddica/ /g)w uiduu/izalfion fecéni?ue, am[ you can %nJ
many examp/éd o/ it in f/Le _/4/éum o/ j/ui(l molfion. jn If/Le ézéorator% Almc[owgrap/w are
mac[e éy L‘aéing p/wlfogra/o/w o/ //uic[ //ow:s. j/w p/wtod 5/Low dua[a/en c/mnged n gas alendilfg anc[
maée regiond n u//Lic/L L‘/Le Jendilfy c/mnged :i/ow/y una/ dmaolf/L/g inuidiééz. j/u'd e/%zcl‘ reduﬁd /d'om
f/Le a/eloena/ence on a/endify 0/ t/Le ina/ex o/ re%’ucﬁon 0/ f/Le gas, w/LL'c/L causes d/mrp c/mnged n gas
L[endify to ée Ifracea/ Ag dic[e-ég-dia/e /mird 0/ érigél‘ anc[ c/aré /ined. jlu'd éina/ o/ p/Lolfo 5/LOWJ a

w. 2-D Eulerian Gamma-Law Gas Dynamics Experiment
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quantity known as the Laplacian of the density. The Laplacian is large in magnitude wherever
the donsity is veny difforent from the average of the densities at all points along a circle of small
radius contored on that point. Thus a sharp density spike will stand out in a shadowgraph, but
abso the Laplacian of the density will be large all along a front at which the density changes
suddonly.  In our wind tunnel flow we therefore expect to soe alll the shocks, alll the shear layers
(bocauso they all have sharp density changes across them in this flow), and the nearly evacuated
spot right near the comer of the step to stand out prominently in a shadowgraph display. Such a

(li:ip/a% w/u'c/L you can 5e/ecf using L‘/L@ w[nc/ funne/ dimu/afor, I%] d/wwn on l‘/w previous page.

I the above discussion, we have seen how we can wse the wide variety of flow visuallizations
availeble with the wind tunnel simulator to analyze what is happening in a developing flow. I
this document, we have included snap shots at one time onlly in order to illustrate this process. fut
of course the simulator program can produce animations of alll these types of displays.  With
enoug/L room on our screen, we cou/a/ animate a// these types 0/ visualizations aimu/taneaua/g lo give
a complote picture of the flow. _Another technigue would be to exploit the symmetry of this sort of
How to make a composite view of several diffforent variables at once, as in the image on the next
page, which shows the density in the top hall and the smohe streams in the bottom.  his image
was pioced together using [Photoshop, but it is easy to revise the wind tunnel simulutor to produce
images of this type and to animate them upon demand.
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_/4ppenc/ix: jme zeuez)pment o/tAe M/inc/ jurme/j/ow

On L%e %)/Z)wing pages, as a sort o/ appem[ix, If/te time (jel/ezmeenf o/ L‘/Le Jendil‘g (!idlfriéufion
s J/Lown /&om If/w run f/mt was a[iécuddec[ aéoue. \S;euera/ snap d/wl‘d ca/alfm'e Zf/Le /K)w at inferedlfing

5L‘ageé, w/u'c/L are cmnoful‘ea/ ée/éw L‘/w image:i.
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment )
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-0_?1429 Pressure | -132 N Before Step -1 I— |—

XVelocity | Mach Number
B ooy | EEERE corme | BN RE
=

Rarefaction wave working its way into
the gas originally in the wind tunnel.

= 3 = @1 O 3% [ 19

Boundary between gas originally in the
wind tunnel and newly entering gas.

Weak shock moving into &
decelerating inflowing gas.

Bow shock.

= mi Density = Max =

e 'get title’ button at the top middle of this

Here we see the flow during its initial development. e gas entoring at the lofl piles up against
the stop, forming the bow shock.  This shock is moving rapidly forward, bocause the amount of gas
cscaping by flowing up and around the step is not enough to balance the gas that continues to slam
into the stop, striking the bow shoch. he gas density and pressure at the lofl-hand boundary was
not originallly in balance with the new gas just entoring through that boundary. Mis has caused
the gas originally in the wind tunnel to expand into the incoming gas, dviving a weah shock into this
incoming stream. Hhe jump in the gas density which marks the boundary botween the denser gas

origina//y in L‘/Lg winc[ Ifunne/ unc[ If/Le /edé a[ende gas enfem'ng it since t/Le run éagan I%] eadi/g deen,
even as it passes f/woug/z f/Le éow JAOCé ana/ into t/ze region 0/ /LLg/L/éf com/wedéea/ gas m'g/tf in %’ont

of the step.
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment
N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | Mach Number

| -Velocity | Gamma | ’7 ’ ’

mAr—wogrmmn

Shear layer with faster flow and
denser air above than below.

Shock compressing air flowing
around corner & striking step top

0.3613304 0.07897 = Min Density !‘ iV 3. 731991
Ir ar F title for tl g : N itle!

f this

ﬂere we see If/mt f/ze éou/ d/wcé /md mot/ea/ up f/Le céanne/ ana/ f/mf it is interucﬁng M/L'I,L/L f/w
éouna/ar' éelfween I%e atr ori ina// n L‘/Le wina/ furme/ cma/ f/ze atr f/zaf is now enlering it. ./4

A 7 A 9
5/LOCA u/éo /érmd W/Lere atr #ué/zing arouna/ L%e corner o/ L‘/Le dfe/) dlfriéed If/ze L‘op dur/ace o/ L‘/Le dfep
anc[ I2] compreédev[ am{ its t/ez)cify rea[irecfefl dfraig/uf z[own f/w wimf[ L‘unne/ _/4 vortex is éeginning
to /orm I’L.?/Lt w/Lem L‘/Le déem' /6£er crosses f/Le éouna/ury éetween t/Le om'gina/ gas n f/w u/ina/ furme/
ana/ If/w as f/mt /Lad enfema/ since L‘/Le run ée an.

Vi 7
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment
N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | Mach Number

| -Velocity | Gamma | m ’7 ’ ’

mAr—wogrmmn

Bow shock travels more slowly into
denser gas above the shear layer.

Weak reflected
shock waves
formed when the
bow shock struck
the denser air above
the shear layer.

Shock travels more slowly in denser air above shear layer, so
it forms this complicated bend to meet faster shock below.

title' button at th

= i Density = Max =
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2-D Eulerian Gamma-Law Gas Dynamics Experiment
N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7
X-Velocity | Mach Number
| -Velocity | Gamma | m ’7 ’ ’

mAr—wogrmmn

7

Bow shock reflects
from shear layer.
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | Mach Number

| -Velocity | Gamma | m ’7 ’ ’

mAr—wogrmmn

= i Density = Max =

our it | ' . To provide thi

ﬂere we Jdee té/e éOW 54,064 /udf éegmmng fo re//ecf O// /tAé u/)per Wﬂ// /tAé M/H’LJ furme/

JCSCT /9/9%4 Wﬂal junne/&muézfor Uﬁer,d gm’tle
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | [_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | - Mach Number |

“ Y-Velocity | - Gamma | m ’7 ’ ’

[+ |

mAr—wogrmmn

title' button at th

= i Density = Max =

ﬂm the re//ecfea/ shock wave from the upper walll is boginning to work its way back down across
the channel. The structures within the flow caused by the density and pressure mismatches botween
the air originallly inside the wind tunnol and that which has boen entering since the run bogan are
fonally boginning to be swept downstream and out of this section of the wind tunnel. Ubu can

/é//éu/ t/wir progress on una/ out over f/Le next /éw imaged n f/u'd dequence.
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | - Mach Number |

“ Y-Velocity | - Gamma | ’7 ’ ’

[+ |

mAr—wogrmmn

= i Density = Max =

our it | ' . To provide thi

JCS& /9/9%4 M/mz! junne/&muézfor Uﬁer; gm’tje

9/30/2001



37

w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | Mach Number

| -Velocity | Gamma | m ’7 ’ ’

mAr—wogrmmn

= i Density = Max =

our it | ' . To provide thi

JCS& /Q/QW Wml junne/&muézfor Uﬁer; gm’tje

9/30/2001



38

w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | - Mach Number |

“ Y-Velocity | - Gamma | ’7 ’ ’

[+ |

mAr—wogrmmn

title' button at th

= i Density = Max =

j/ué s aéouf If/w /mt Lmage n w/uc/L you can trace f/Le J/LOCA L‘/mt 2 re//ectea/ %om If/Le éou/ Almcé
w/zere it dl‘m'éed f/Le d/zear’ /ayer. j/zaf very weaé 5/LOCA dlfriéed If/w L‘op o/ If/ze 5lfe/9 at If/Le /ocafion o/

a 5ma// region o/ /ower zlendilfg in W/LiC/L LL/Le //ow recircu/afeé ﬁ/ml‘ is, it moves u/adlfream a/ong If/w
:mr/ace o/ f/Le dfe/o wit/u'n If/u':s /il‘% “recircu/altion éuééﬂz ”/
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | |_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | - Mach Number |

“ Y-Velocity | - Gamma | ’7 ’ ’

[+ |

mAr—wogrmmn

titie' button at th

= i Density = Max =

j/w re//eclfwn o/ L‘/Le éow 5/;064 at f/Le AlLem’ /uyer i3 now ed:semfm//ig mwué/ §/4 weué :S/lOCé can
ée soen exfemjin near/ uerlfica// into If/Le /ow aéoue f/Le /L'Iff/e recircu/aﬁon éuéé/e w/wre If/LL'd

9 A A
re//ectea/ dlzocé once élfmcé f/Le upper Jur/ace o/ L‘/Le dfep.
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | JE&) - |
1 Setup

orery | JRKEREN [ Step o] |
0.71429 Pressure | N Before Step | |

X-Velocity | - Mach Number
B Voo | NEERM cone | Eﬂ
[ < |

mAr—wogrmmn

= Min

ﬂere we see f/Le re /ecﬁon o f/Le éow Alwcé rom f/Le upper wa// is just ée inning to re /ecf again
PP / j 9 9

%om l%e L‘op o/ If/ze 5lfe/9. j/ we cou/c[ see more 0/ L‘/ze /engt/z o/ L%L'd wina/ furme/i euenlfua//y we
wou/a/ see L%L'd dlwcé Aounce éac/e am[ /ém% across f/Le c/mnne/i gelffing weaéer wilf/t eac/z
reueréeralfion. Mol‘e /Low lf/Le élLear /ayer Ainéé euc/L time it passes t/Lroug/L anot/zer d/wc/z wave.
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w. 2-0 Eulerian Gamma-Law Gas Dynamics Experiment

N X-Grid Cells | N Y-Grid Cells | [_ - |
Density | [JEEII M Step Heignt | |
Pressure | N Before Step |7 |7

X-Velocity | - Mach Number |

“ Y-Velocity | - Gamma | @ ’7 ’ ’

mAr—wogrmmn

= i Density = Max =

our it | ' . To provide thi

ﬂere we see f/mt f/ze re, chfea/ éow J/LOCA (s Ae inning to :Sfm'ée M,e /L'L‘f/e recircu/ulf[on éuéé/e
9 V]
/oculfea/ on f/Le top surface o L%e step.
P P
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2-D Eulerian Gamma-Law Gas Dynamics Experiment
512 N X-Grid Cells 256 N Y-Grid Cells v Read
IGERN 1 >ccrid cels | IEE | I - [Plots per Period]
vensrty | KR [N tep Hoignt] |
0.71429 Pressure | N Before Step | |

X-Velocity | - Mach Number
n- ooy | R o | B

mAr—wogrmmn

ﬂere we see, at I,‘/Le time w/wn we dfo/apea/ f/Le dimu/aﬁon, If/mlf If/Le re//eclea/ éow 5/wcé /Lcw /mMea/
L%roug/L f/Le /iflf/e recircu/afion éuééé, creafing a com/o/ex ant[ inlferedfing, éulf transient structure.
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_/4ppenalix 2: ﬂow to /9 Azy gacé a mouie o/ your &periment

Aor you exit from the wind tunnel experiment program by cliching on the big, red “Quit!”
button at the upper right comer of the form, the images that were displayed in the form s picture
box when you navigated with the vertical scrolll bar at the lofl-hand edge of the form remain stored
o gour hard disk. These images aro sach Wierosoft Wndows bitmap ios, a standard dipliy
Jformat that you can view in most image editing programs, or which you can import inte WORD
or Powerloint documents. Mowever, you might wish to bo able to animate them as you did while
your experiment was running. Hhis can be done by starting up the PN Dgui.ene” or the
PPM2ZD gui Small Form.oxe” appllication once more on your computer. When, as describod
on page 5 of this manual, you are prompted to provide through the use of the file system browser
window a stom name for filos that this program will write on your dish, use this browser window to

nauigate lfo tAe c[ireclfory on %letl" Jtéé M//Lél"e 7014 wrofe gour 52%142”68 0/ éttmd/? %/25 /"OWL yOI/U"

warlor vin. Than clich on the “Open” button or press the Entor” heg. Vo the program will
wait for you to specifly the parameters of your run and then to click on the Begin button. Do
nol do that.  Instead, at this point you should clich on the blue button laboled “Wovie File
List” that is located near the upper conter portion of the form.  his will cause another file system
browser window to pop up.  In this window, navigate to the directony in which you wrote the
bitmap files you want to review and locate and double click on the file in that directory that
contains the list of these files. That file should ond in “Wlovie FilosList.txt” and thus be easy to
rocognize. Double clicking on this file in the browser window will cause it to be read in, and your
Jorm will change the values of its sottings. In particular, the vertical scrolll bar at the lofl-hand
edge of the form will be redvauwn to refloct the entire series of your stored bitmap images. Vow you
can animate these images with the program just as you were able to do when you originallly ran the
program and created these images with it. The corect values of the times associated with these
snap shot images and of the minimum and maximum values of the variable displuyed wiltl be placed
in the appropriate text-box labels on the form.
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_/4 (2 Anow/ngementA N

The Wind Tnnel Simulator utility described above is wsed in the development and tosting
of new numerical methods for computational Mluid dynamics. Hhoat development in the LCSE
has boen supported by the Department of Energy through the Office of Seience and through the
ASCY program. It has abio boon supported in part, especially in its application to large
parallel computing systoms, by the VIST theough its P ACY program.  Support to the
LCSE through the Uhiversity of Wlnnesota's Wnnesota: Supercomputing Institute is also
gratofully acknowlodgod.
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