. C. ] . . ,
The Cencegp-}' s 4o et hwn T pegedanbs nio e)’emew% and tlen recormbice tlose_

inls producis.
! o

9]
:-Z

]
i

CHy + 20 | COg
e Reaclor 2 ' Z Lo
75°C | [ 2
) 230
o me ]
T
Qa = - LV
L.
T
7N — [}
N T g
|
& — — I—
) - %ﬁp . ° — © Eo
TG F L8R = Phent Thiwee T Nnag
L
- 1 . 7ss 230) = - %90
O Dhyye (- 333,520+ 2(-2%85 830} — (- *4, 850) = ~ B0, F
r
i —
] T Te r ® Vﬁ
‘ : 3 I i 1 |
Sein qeneral | LA, = ;Jan“? - jZ‘n; ﬁ’i.@gg;f
Yor o reaching | = =t L AR (/
J “U )
/& s‘jmc\'m cax=p ’hﬁ'df\:} of  Lombustion: /@
g‘ N
I Mol fued | Pr e §
L Covbusior | > polLr>
Stoichiowstvic  aif J i idd 755
o L _
A kC = @
== Thy 5 a mezve of dle ﬁweq:i@'v% volke of o feel
E‘.angpﬁ-& &%C \*\;:Jr scrojaawe
s 8.2
, , 5 7 ,
S Calg + O, p\oz»znswz\gfb 2oLy G0 + 3mia
O- atowm 2, &+ => G, =5
-
= _ 5o - T
D =LY Hilp | ”’”%"f)%\g
sTe . uLs oy ( (25 b 2o,
= I Pt
= 2h5 ¢ Hhpao v sk
PRSI 2 {3 . Q-OW@,( Léa_“% N
— — o @) ;
- ke SLET 1580 (LHV )~ T e
£.030g 7,02 SR YEeCS
/
{ Q*/i k
= 3(-393520) + 4 (-2%1,320) - (103, 'S0) = ~Z,043,990 ﬁj}ec \
SHE
o = i +q(-Z8S,¥30) - 2 = =2Z,220, 03D 5T
ﬁ?m&a(ggg_

Higler Lsn"ﬁ\a vaa (W H\D‘ﬁ

D i3 Ué}:uar \

TL v 0D

YA




EGLem |

o do ]5—’? faw Qwum& Cm:aﬁ CLGM&'CQH@ ,reqvf};% S&B.S;iem

e

Now were recsly
«~J

— .
” [ Prodducts
Te

298 KK
‘,;o‘

E/E =0 gmr @g-em-en‘ﬁﬁ @
c

:é‘ Sim\f[z eziqmb?k_s Tlon o T Jjwr ong —

[ Rele o, N2D
Siaichiometric e Look
Z5°C

Reactiom Hot
N Jhe: (h as))

!

\

N ; T e fﬂﬁ , - —
SF‘%‘CBES Brmvles L L Hm@ h - hags
g | M2 ! o S5le- 8158 = L
g Cz 0.5 > S4BT~ BEYY o J R
1o : T 1~ = |- TRE, RE
P FeD ] -74,%20 13,556 - 99072 —23%,368 | Hp=["Z383¢8
| —
Now o move cltailed %xorﬂP?@:
Arr 287 I Tnlor 3o mifsel @ €5pmph
§ >J “ ® Foel !jfu}w q\-es o7
h)eq 5% ‘——‘9?} { R Sxle b
| ) — Frhovsty So0 K j 58 Oir ~
i«. Gaseli ‘ 2 Fxhaost 90 C
¥ 34 o 3
L——! e ; —= S0 Co
i‘* ‘ Ly":ﬂ ——g-ﬂ—% S)‘QQJ' Werk ) 7“ \COZ
L______ﬁ____/ / = o b
Rad fad; ‘ |
ﬁQo Ry ° /“eamg 4T Lf m| Coslowh
—
QRQDQ = mcacd \-‘,)Coax A‘)(uy}

‘ 1 H
—> Get Norsepower, = [5 Sw




|

™~
0 y .
LN o R
[op o . ) § -
- g 9 o
Yy nm LAY il -3 2
T - > S
o~ 1 n X 2
U U o - ¢
) QD < J 2 ) &
T.m ,%, n % OJ a ,\m b9 ] = A/ - -
re N x| E : -
L 00 @h g Nl = 3 5 x
T AR M - J 8 » PEREES
o N s 9 - 0 § S
Q + ™ C £ln ) - 0
o ] } g s . . 3 (N
n g | ! - A o Qal @ N
n £ ! o M N s B
. o S o - 9 0 ) ¥ .
I Q & T ) . 5 : o
5 L i = Y I 3 ) N '
- w 2 - ~ N - Mn 9 ,u..m
. o - - o= \ o AN 4 - W &7
I\ . R ) . z S 37
I e 0 o -0 0 - - o W - RM < )
> = p + n <Dy =0 Ve A O VAN
a £ W 0 oo " I = B AR
L 9 + FJZ » i OQ U] _ 1 — ool A_v & [\ _ﬂﬂ
T 3 : L Lo : 2l HL 4| s
3 S5 L |< QU B gN G = lo R o
A x | - O Q< a4 H g U P 1 i 2 < END)
. .ov.u - mﬁ ~m a0 oA mm/ 1”« Qﬂ\. ..Mw% bYd wH ) vy \.H ./Q nJ_./h \n .WL
N 2] s o N ¢ TS & SRR . z 5= O \m S e 3 = or P
» X 9 | IS I 2 T S13 @ 2 fw 9K
A — DX \ _
5 3| . y A
Q - O (O - \ o n& ot
-9 : RN + ~ Q f 2 2 x
2 \ﬂ, ) v O D)0 9 - e LS e ] iw
£ — & © V9 0 .m Mmoo NoE Sl A . =+ Lok i )
Ao V| - Q e ! [\ 2 i G Y . .
=y D % o w00 b o —t— J v A ki
= ~ - y “ oS o = < = s o p
~ 9 - o 9 T oo 1T o0 P 02 N o S - 5| - ot 9 3 5
< ) < kY N o [ _Cles P o = inl g - vy v _ = 9
2 > N S = _ Yoo 7= AL B ] g 2
s o o ~ I b, « S} i " G - I =
2 O - { _* -~
2 - - - i PR M w o« S
\m v} i+ nw 7 I 9 | 3
=] L [ . poe
g =\ T AR LS R I h S AN
- £ P P - - - . e -~
2 ) ) A v o 9 [P B °) X ER £
_ s [} \M =L <R, Oy w i m ! 7 Q.. e
S o . oo @i F I B
-4 g L 3 N r 10 5 3 =
s oD w0 . 5 Y g7 e 67 e ] .gm v -+ YA
1Y) &M — ] Lo A4 W S J— - [ A o o
= o g a7 4 o . i ~ { z e o o by
= = -+ o ® ) QO £ 0 O - p= e A
0. 3 - e o Sl N ./,w D0 N N Cmu + 0 m? (W]
.2 =z A0 g - g W
. - e i O 0o 0 W] &
ot g T e e f
2 Q | - AT R B [P
i @
©




=
&Y
LN heat  rolessed be mivee. or jess T G-w=ay
W sS4 bweay 7 el 20 W ] eFpEael
o-~W = %W‘w/@?}‘g }_Zh.JJF—ZZ nigi};{
bt hEU+PT o Q= h-P7 bt Pv=RT
— T- R-RT
i Cowedkive O °XJJ‘3"H’J &P;fwcﬁciﬂ
S =T T = (7o, /o S| ",
Q-W= ST 1) | np ¥ (h-hase) -RT |= 2t hg + (h=hage J=RT || |
s = R = —| O
%s’ Cur FW;M-PM
— T o == =1
é}ﬂemt> Kmslo s n h ")ﬂnz_cga -8T 1, ?hg -#(m f“ﬂr—z} BT |
L 3 o o -7497% ) -zvﬂrs\t -
R | - a
L Oz ©.3 o o ~2y3% -1Z239 -39
P | D i -2y, 820 13,3546 -990y  -3325 9 693 Lhp = -2y, 653
; = KT
@: _L}F-UK - [“2’%‘ j J - Z‘B% ig’é A‘ﬁr"lﬁé. HZ
'KW% - 23%,3(%, SO et \
_ Felecve dhid go down 6 ‘3{‘;3@/&
SR . DRI s ssn)zes '
AR v, = =2 1 = 3(30m3 = Vz
o | {10
i
5. D=Fl _ )es4]900 o 50,33 xp
Z f K]
A g [3¢ 8
[’f“"‘ Ve lvue, SL?Em’;&)
Q-w= AL o = N oo
, 'bs—-r @P"“‘"P— &y = Q= Gt
aung,
\ >0 <9
— Q@
Adiabetic Floms Temperoiv~s
T — D Lt
Fuel v cir ;} Cornlbystor Pw\ludi)
25°C R —| T=7
G=0c
g o
For a $low suslem: /37;%2‘ Hp-
For Gived volvus l e =Ug {as set up absea)
; T - - T - 7
Flow O= 2 m|hs h—hzg@j - RS+ h *’mﬁj
P [ R 15
— . N
Aﬂomar,’*m O Knsw ol excopt Lo fer frockuch (“' i;:(ﬂ)
@ JUess TF: B foo%“. \.;P —,—f]_
® Pl in and sas if 4 works §  (RHS =0)




*One of the problems wn'Hr\ gas tucbie coml-,u:'l'nch s MO, madle L high-T-

* Coret q,prrac.ck 15 ter«m, Frcmn‘vc] com bustiv o kﬂﬂP T = Jow,

O = Hp - HR
[r3=)3 50 + B, =364 1+ 2[- 29,820 + Ty, ~9904 | H1S. on);h - 846%)
t 2 Jho,- 8682\ — ]-74,850)

f = Reon ™ 2Zhyyp + 15.04ay, + 2hy, — 979, 228 ,
Nows

RHS =0

1‘1%‘ Svess TP; Isoli vp b  uni)
Tricks  +o speed tle process:

® TcHEo)‘qN)fg IDveLeu(J gll ]Drool.utis are s o jd an initse!
Jress — K3
O= 20.02—11;,2 -999,226 = h,, = 98 B9 7g Kuds Aty

1340 K.

lltN

—

CH
2007 ;lmm\u«l & 7 Combustu = T=7
2rec T
z 2
CHy + q,, J_)LF [02+ 3.?6/\/21—* CO2 t ZH,0 + IS,0MN4 + Z Dg
Sgecies Khmb) _L_\_E_ )—\* hzqg— Ni E:.;P +(h ‘Ezqs)l
CHy T -3y, 50 6 - 34,850
{ Oz H o) ) o Hg = -1Y4 850
A2 Is.oM o o) o
Coy | ~3293,520 e, = 936M ~39%,520 + heog = 9344
H,D(3) P4 =2 8T0 Ry, - 9904 2]-2uL8e0 + Hyo - 9904 )
N Is.oy o Fae = B9 15.04] Wy, - 546973
Oy 2 o ho, = 8632 Z [T, - 8687)

/p




Mow Guess Tp = ISHYOK , read h*% aud go 1o eguation.
Tp ‘ﬂcol ;E;‘_’-Q T’l-‘Al;~ I"OZ _B_Hi _
ISy 3,07 59,885 98,430 50,7956 FTU4uie = Tp o ho
1160 €%,34%  S6)1zg  Hs5 682 183 - 15,505 = T dev Ing
444,466
Rhs
Ot----
—15, 5057 :
l"}_é() Tp IS'ZD
T
O- (-1 -
¢ (- 1s,505) _ TE! 1440 - TP= 1y si K]
b4, 466 = (=15, So% 152D~ 1440 -

Chapter  Summaye .
! [

l. Bclancimg eBuq+FDn>,

Two Kinds of Fro“tms:

@) Get QU fiom O-atorm balance @ Stsichiemeiric .
(L) Thew wvse §AF for off- s¥oichvometric.
(ﬁ) 3; = N'/Nm .

o Given ¢, ‘:s’wol 3“
® Giuen i Find .

4. Firsk Law: 3-3 = EN‘: [E; ¥ (r"Izes)]— g‘Ni [E; + (h- EzeS)]
Baseline: Elements @ 798K
= h=0
HZ ) O—‘._ l'i:' H,0 l" - "’298 H.D
_ >
25°C 25% 40O K.
Two Kinds of problems:
i =
Q —
khb\,a n ?l O\ﬁ'} -pfwc) Q KXo In < (_9 (:0)) I",‘o} )P
Thowe e o‘neug




v/
=
L a ) . Y
\vA_—_/ I i .
gz 7
~ — —
Ff\»'} }C}‘w gw ‘\}'f‘,{gcj Va?ume: @-w‘ - Zﬂl u&' - Zn; ‘u#{'
F R
Tz Toopi e ToBT = R+ (R-F) =BT
e T T T o T o 258 J 2
j - nd ~
Promied no 2 o shfl, kot
I —— . . . )
———— /- Bow, @=0 } Proclucts | Look o¥ iveversibc b dies
" CHy /o > ‘1 ,}
. pa |~ 200004 |
] j -
Q ﬁ‘ﬂ:\@mo-ssgs\ T ¢ Lombuwtiont
Q & ~ i GAJB‘M — 7 o~ b
ﬂ ! 2 = To [5p7>&
] i () Iy — ‘ é
% } T A © AT der Qin 7
| / L o
v Fuel Gl | | Gbor * AT By Qour
WJ ) | — © Yernel cucle ¢
eleck | Bﬁu;ﬁ ?I Ly vernel  CY L.
8
E_ i ;______\(\\—/
CG 1J { — ] ~r i ;
25 "“DZD f These ave subtracled o the am’ﬁznczﬂ
i . Lo e P ‘ .
5 Loy /3 Ft‘:HWMQJ ot Tha CHy, e GE"'J‘”’%!
l} fGw TYesovred
b
|
Vo b -h. -T [S S |
% may = _‘-R Mg le | =g =p |
‘*;s CHL}
] — | -
| Vigh- Speed Flow | = Last padd of Ch, 9,
SR R B
) - S = b KE 0. |
Thre Topics O = Eie sep F L Yor Ny
—= Slew o Ll (¥ 3;5*3 hod
— Sl;azgcg e} J?;)ULU‘ h\ﬁ- 305’5 cw?
. — R ; R [ "
(B Tsentmpic Flows:  How ¥o gt Superssnic auel back.
/
& Shiek Wewress  Monv {591\%:/95‘5 Coip P2 SS[0N. (Blast WCWQ)).
; A ‘ N \ ‘
Ty When “b f‘ﬁFQND retviedd  Tow Pesbu, ey dor ye-esd»@
§ Lyoep (
was on elurl side
el -4
= “
— 4
e
. ~ § 2 o 1 ) <)
Wi olidd hiles ket 7 Mot drickyn,  av lewt nob @ we ks it
—~ N . i R ™S e N
b}n £y Ccovgma%’.s se CQ[}Dg\;éQ is S%QﬁéMG;L qmo? %‘Emci S P, VOGCZ‘\Q$«-




ot Te sl Ty BL

Sy,
&8
D
U
T, =300 K8 R </00 BPg
V= isoo ms  (esdis)
— Voo R i)
= ; W%é‘ﬁié% ers7gy 4
[ o
Aepl 17 s Cv 7 A = Lo+ v%{ V)
iy 17 e Q0 = e
T N ; =z
CF‘(T?:_Z)>
z z
e} '. s
— —_ . M 12,00m;§§§ I R 1yye |
= Iz = 4 o~ = 200w+ = |12 2 a1y
ZCP | J {1,608 55/ ooe MYse ~
| Z zi0d°F
—_— [} .
(-?ur car (@ e szi’ab fa gy = O.é Fﬁ so C(jm} Aor # )‘ﬂﬁ-ﬁcj
‘qf\@cﬁ} ‘:%'HP) S \-70\:‘.7 /L,amcg>
by .
Liket 3¢ “ This (s ff"nz\_.g:\a'.
® I° ahwac.:)nnv\ Flow s svbssnic,  show dson Wil be N;‘_;Pw«}w?\&
, ¥/ie-)
== CQ»A, O:.icuicGLLQJ e"q“'j Fz TT'Z%Q /E»
J LE
oL iiJ
2 If / £y [ ~ 3 I ) <’/ o 29 \
2 L C?J‘?;Pmc;c,%an._,; L IVCRNT SupersoniC will bace Shuk woaue | Soyl oo )
¥ v . —‘> , La
- E 2 a0
9 )
Esampler  Fiiot measvrement:
W} Lihenm s Qre steck 3,8“1';4' Ow%v on
f F O o
i> Gir plang | losk lefl set of  doorm
I — [ aud yoo will see il pild pralc
S— \ 3 ;
‘“E Ué—éo‘l (=2} =329 QW—EF_@‘@J "‘LC‘}BLCC. 5’“.
s Measores ‘g’vu-e BT eSS
m "‘i’\me :1’ Uﬁa-c_\,"’ c3 L
‘ ) l} w 1 Doy | M%
O 3 : ) .
e ,/é‘ﬂ g %—f—‘—'—} HMearwves S%ﬁﬁﬂ@;’w}w
. \@*— g ; Fressvre
Z) j
— &
FA ISR
L0 K
iy ; ¥ b < 2 P o L 2
IF airere®d 03 Mevin st SHSwmph = -Z“%?,Dm/iS_) Feel e AP Fhal
| } .
WD”:EE‘J; ze Z"QQQ%_ {DW )}hé%UUWﬁ/i_’},
—_—
@ St ]
® U setwpie T .
D
P GRT) - 2




€D

5
i

.{,

i

B lj_'.?- o r@L‘MS.gTﬂ N_,A;_—v;__j{_j& = Zéﬁ’;SK
2¢p ERL U s 0z ™K 1so"%s=

o .

= W RBOTC  tewp inereawe.

Fe: pbor  that | 3 e p DY rs that F G ﬁv-" fnereee. Cofyes pinds o
fememe 2 T iSew Acl]\ac Wea The T 3 YUTIAL iner oYY )

i
omﬁ»\ ore 7 intreace . Anet ey else f ney AS=D.
.. o g

VS f @'L}
P _ (T)7 : Mo 5| 28 ‘
AT OT | |

)
el

/’]}%f?}\j} COMS-T U B laws o g

3
o~

@ Dfaw Cv uvaumcj d!x{ﬁjn;x?bam{ @y.g% make b S%z%bwcyj

' : A Lo L o= A
@, \/D /’\} = @'Z‘VZAZ > v Sy ""AZ
o -0 * Iy ] RN %
Sov difRrate Ofk‘if\jj = O o edV + \/’o@e =0
R
o 1 dv i

: [
Bosla o vation & erergu !
=/ “N'Q CoONSeTY Yion ot e fsg:)

2 ;A T <7 ~ SIC
- Vi - L ,}1—2 o cjfgq“" .}2/_ {'—'—‘O Sor diteientie]
< < 4 — o
= lﬁcﬂq“}" VA&!X”T =0 i
il : o
d S—
® Aply as=0 2™ Gl c@h:}%fﬁ- el P
Y — L‘ ]
::>§G§g’2: J /
i e
i S §
-
—_ N s 7 §
Stat with () dlh = VdV =0
< N Lo »
S o @ ol + ydv =

r\ﬂv\h}r bw §. = C‘VQ—E 4 &,@fi}_/ =70
o vHe
3%% ag\ \

L
v
<
1
'é‘*‘?
g
(o

K I




e P
f27
(kRT)
b
3 2 2
r , c= ] 8307 Kb [ 298K [1000"/5% | T =
or o Chg s = . { ; i - =
| D il - x| 29 e | R ke
LR R Y YO = F74 mph
. N Or L?‘é S/MH
. [ S P
; L, 7 oL T _ =
For iwader L Nesd +v ves C = 3¢

1 -
3 ‘ ‘ R
< . From co mpre ssed yﬂa‘?}uacﬁ

Felles

' A~y e ¥ Lv 7. -

C.= jsooMs = i’rm’\ea/s.

=2 Nolet I waber wee lu@}*\ a‘bmmfrcmvféioé C = oD

@ T . } T Yy =
Tne Dimensional Lsenhwpsic Flow

4 ) \/\/ % ==0
Plc»ﬂ L mm—] S = com %c«f\
=
‘ - - vk ; ooy
Nete  4het *& =L =8 poay Vogewd T awe locked wie J5 lew g ? Vav.,v;g .
= ) - | \
AS =D poars Faad 1 Grve }bcwcja A
I-ols%g 39; Moars F f T oy {:’3 §
! 5 I
MG» B w-ﬂx,jiw G ﬁ v, A T 7‘@; & > copstauT

== A s lseked
== M Lt N A . ) \
=2 Means thel  onlw owe  Tree veandkle ey v f”«c’»‘ Alx
~ s £
N YIMWEN

) 3 .
Tmuvs?n:f e% wa‘mam’*;

-
= b e = ar i)
P =100 ¥%p. ‘Plo = back presswe= varigols,
4 jri= ¢
- N s D
lsg =300 R . : -
L |
B : : D
\ i ' - {
[ \___ =
ig : (2]
i ¢
4 i
) i 3
¥ 1& X
i i —
| ; &
1~ ) ‘
‘% . 4 &)
b q A3 Py
‘u‘ d, i*h__. \S-l
L f =

s




Se Sluw lseks ke . "
=== Flow ha it:at:cz:w»se Ci%a%cﬁ ’
| = (hen yov reas:h scyii(, ue?ao% &
\'\ 'H‘amc.% }Dressme, i A
oo mov-e uioél?lreaam N
™ ‘1 s u = == Lower F‘b bhes o Stlest .
|
g
ﬁ‘-‘ml‘oaﬁb - T cAbsve a certan ‘L%J
il : tle  downsleean L’»ﬁg%l}
‘ﬁﬂn g e oy m . }
- = * Below o orddicd k’#;&éf&
Yo Sl 75 iu] Sree
Co” a“y\._d} )5 c}n,‘y\idi
= o doesn )
&QJP@" o ﬁ’j“s‘
Keﬁ ?o&\n’%‘. I{ sonic ue%d“ﬁ otews, b sluass ok Skl oras

An ?A@mp]‘@: ° Your %u;‘t Jeb s with NASA
i .
e Assigredd dv shellc

Ly - . eoobou L1
e Tust when ‘ﬁ’hm;js covidnt ook beller, éﬂcu 5@% ket Azl,) G meterite
in an ingece

ssikle regicn

= ﬂ_ea\ﬁeg COWW‘@Tﬂgh‘B g’)‘bb, i 5‘5%6'{(3'

7 )
{ ]
100 KPe }V/é‘ ﬂ
2001 )A( ] .S cm j © Since  uoy awe fesh out of Sc%ouﬂ_ﬁ
hd \ J
I RN & @cv Sv?r The Jg}g (;4\ ?,»MA;J
o e T ? e Jeadi rete.
{P f *\\ Ogﬁt‘r Mo ﬁ:m‘“ﬁ‘ S0 LY  ha=— to
| ‘ ]p 30 Frown St fvim;PmL
S
\) - I3 )
O = eV L orsed €, T @ fheeat
@ © tb, M=l = V=c=VKRT
/&I'\-‘ (40‘5\

Voo = 5'}&ﬁﬁﬁ§(ﬂ>m FVU;;C-‘\J'HE}
=

Wrte [ Jaw betweon s%—quq%—VOW POInt emel oy poiet jn Flot!
L )
o e
& i 1 . / A\
‘4= h-h, + LY
f;/ ‘o > =
T ~—
o T
L‘F(( H‘//
\\/Z
O= CQT _COTO T = D\-vi‘ogé ‘LKJ CP}
i I 7. |
S
' . 2 —
o=~ L, V - Lo+ =




L
Tk z ,
i ‘/
— Ts § . K | i/’_? = |+ <___"_}.\) _%% C= @f/m}
T T~ KR 27 2/*1/,_529

A theck M=) = T 300 . 4 = => T=z30k=T"
T A
{
Now get  pressue: Flow is isentrspic, so Flops@ /12|
« h/)/—‘ I . ] K/Vx"?
P HEZ = |1+ (B = P7=s5z35R
P LT L 2 B! M=)

14/
F © “/P\M‘/T\ [ L )
P = = = o _ [fedf 2y ; % y K~h
T A M%) " (2 M
/

2]

UL L
1+ ]
= ] ¥
| 2 \
A —
_*
¥ SA s ~ ITLE, ;
Bot we cawn ?e%' e o‘}io@c-}b = _—1:;%: 57"%!“?4‘& Knaule — K %Zﬁ ! = O.7F3¢ “i?
R7 Z5on | 8319 KPamm> | Kmla m
V= k) = [(a) (539 R V(250 1) (oo N
v = = | [ R R AL —r"—'——__—~ 4 I i/
-0k e Tl o= BIFYs
24 5/ ke
o
2
N TS _ - —
A= Ar'_:_“ —= 9L E-5 2 M= VA= Q338 Tl33m| L96E-5m=_ | 5
' D \r > ""
inn !
WMM i
m /L'ﬁ =4 Z i
d ¢ X
E A
Heow abovt areq m = eVA=¢V A
§. . Do
A _ et o_ et _oLleTie
At eV Mg Mo & lle
1 .
r vt 1A% T Y- |
_'ﬁM.Lﬁ_"Jg“": £ RN\ “ ) |
“,‘13 Vo= !,]“'"?"_e/w !
Mo < [Nz
- - L J

Table 9=y 2 4S3

P} 2 TT@ k%@" \p P aned T &QCV\Q“@J Lok

< j E o rﬁ ,ﬁ‘» 30-» Tmo@% o)

ij«s ei-:ﬁ c‘:—jw; g,o;ssz? 134 E? e @ A

e S N

2 5_;?22%:) O‘Sbé, ,ﬂ.aéﬁ j _:"> M=) chlww Q
Smeiles = queg

w
s

|

o)

ta
vl

L)




So 1§ we heve ow '5“6«'/%5951 d“% ﬁﬁu%*&»-} get FO,, To ey
— ge v M=l = f
— ol ges = O
Tome Y I/
—= V=C = [FRT| 'S
With fe debl v mind,  Con esiebish Soma rules of o reag
Moz | v
T D&magu.gr
\“‘ /
. }
Nezzlo: - ) 5 . j
Bl 7 Ak A { N A W
bsanie Al = PIL T] M% L sons J A M
Suoéomc in n%}i = | Lo é; M | Suw.;w < A / ['_'D/ﬂ j / / .
< , y | =Y Y T N a2l T oM A
,/‘vévemmw«‘., 2} Al :> | / N A L DEISTLY /i! I }'J‘z; y@ / /
v = / P 4
3 o P
ASSu‘w-e Qov Ve :}Le’ Sonie f}ow. Hew o 3@‘3’* Sv}wwé‘f**&.
I

o U

: S%‘nuz,}a‘% LI GWe
|
‘i In = Svffiwm‘c; Out = Sobspue

—> Add - naz??&&?

—F  JusT mowss the Po‘y’wfj‘
o 8 ¥ 1
\*\’ ‘}D\f /‘V) ,:3 G’MO%) I"‘ED@JAG>
O?r-e:g‘
S
Mz
A - ) Lo . i I
Answer {5 o {‘Dui‘?%é noerie onok ol Slumr  Togeilor.




gDec. 7 )

Excom}?h?‘. Coy\vcrod{na/o!"wwoiwb rocket pozzle wrth throof of !cmz‘

Fo= [0 Mpy

Io= 2000 KK

r Shoek @ 2 sz‘

glcmz

O

/\

ﬂ‘yxoﬁ " C‘moi Comcjlﬂah u‘/ps?trcam of sheck.
Since  Inder——mmmch  Shoek s Supersbnlc in, svbsonic ouf‘) M=) e throat
T A == AF =lem?
Toble  9-1 M 7, /. M
o ! } Co
0.3} .38 0.98 2.
1 O.52y 0.833 }
2.2 0.083372 O0.-50%;3 2
O o) [} (> ]
So we are taed with tws  sslelisns = muid pick Suvpersonie,
=> T,= 0.50%I3T, = D163y
= P = 009352 B * S35 KPs
b / m
Q= ISRT = 633 "
V‘l = M}C\ =
6\ ~— Pn

ﬂ_’;:‘

M= eV, A =22

Ao tlor example:

2.7¢, = 1v06™s

i
e

== Couvld  have J::aq_;ecé m on 'Hnma‘ﬂl Vprof@fﬁ@ alsp

1)\)%!)6”/(5)[_25—11}%23 = 0.9D HfVS

Ps s, #)
p=12

(q :{’é_, teut >
j©oe
/

m=etca¥

way “!\:Uu!aoJ‘e-)

evzgiu;
A*:QA Aa
H\ 4 Ul "/ — Design Yo nowzle oy
= VT Fe  back eud,
. ) o~
8 in |
22 kP FARORML ANz SR
220 K P- = 156,52 ki
250 /5 T, = HHuo K
m = (065
" ¥ . )/
et m=clcat  etedm s Gar)®
3 RT
¥
Teble 9-1 M= = T =o0,833Tc = 950K

&
C
P* =

= E(l-‘«)(_%%_"*)(%c)()oou}lvz = £613.S ™5
(24)
0.5z4y R

B3] KPe




(L"OD?']: [o.30s %JB)?.S ;I’l/\* =

= 0,822 m
Oublet: How Jo sclect pomzle outled amea 7 PEX HMateh Pis.
B 22 _ o3y ! & _ 420 M=19s5
P IS6S2 A¥ -
A= 142A% = 0 seom>=> D= 1:046m = So it dwek

e* < P _ T3 R 2 — Ho /3
g7t 7 950 834 = @505 m
roo— m = GﬁcA{

A¥ = D53 M2
D

o!u\/fvf)t Yhat muc}a

w%a‘}’ Can we S%T

Sols
Sv}?ﬂ.spm‘ ¢

What is it ovr microscale 2

O ————

[ IS o
O o o ©
o o ©o
o0 o © O
oo Lo
Oe——— >0 © (&
—
/
Vy v
Tuwo otier fL{D\ADMMq ave similar Yo

@ L)Bérav]{r. JUWP"

Shock Waves

[ ow &mn%

Re,o'dve Lanier wih !ﬂ:ﬁ%- sljveeol ayvfroaxk{na sz_

—>
%’w‘s\n d-eny a'}‘a

— S\:Poébvn‘Q
F& T \‘hcl\etv—(
S

Inerewas

Cannot hae revene Skucle?)

¢ Dense gés

° Collistoms with wall resdiains gas.

° )—!iak-SfeQCJ psleesle pile into
o‘em,e f}nfn-Q autd co)\u%
Moue  to

[

\r\th
IF eveva}r\m‘m is \oa)auuxja stcom%h»\;:}a
1S .Squ-}a‘anqyca
Vi, \/3 =2 3Jut ke ientiupi < 5;23;\,%

will Sew LG}QW?}T all Thus

Shoek>s. constraly  us RN m»l/d owa

i:wu, Joriuh EL@




@ FT‘@f%’.‘was\ slowdswn
~N

-

-

P |

[
Oy
£33 9

H)jh ‘_5?&&-1 lows ob\ms@%

Low~ Sfewh bhésh glpmvéaa

Co back +v basies o '[ijw.e, eut how ‘%%iwb) Shawye  aepss shoekl

WWWWW
=K e ST

@@ ! L
/D - V ks V =2 2 2
/g- —-%3—%){“%_*‘3;__5 = H?ﬁ\ﬁ:% +YQ
2 2 3 =
|- g
This seys Phet %c = S%an-‘n"M ’ﬂ’}\n‘“’taﬁfS is Same sm kbuik svde
Te = consta¥ aevoss shpek.
On left sida Ts K-l 2z Cn right sider To _ Ky 2
T“X'—" ﬂ*(z—)mx 9 7—5“5+<2)Mé
~}
Radie Ee@d oLy \"\3%‘7‘. %E R ¥ (kiz_)/\/iXz 7
i Tx |+ %“MUZ
'@ Conserugivon of  Mowmentomi
_ L2 z
Px T eﬁ\/x - JP3 + e&v‘&
. . P [ VA R
Sobshituie P_R—T = P‘X + RTy VX R:\} + RT@VS
\Y B \/ 2
R D - RTx 1 = Pﬂ %l ¥ j?? E Blmosk @ €% in olonsminatsr
A [N 3
N S
- K W
KRT)— 2 Ry
= 5{'% e kM
= z
@ |+ hﬂ‘d
© Conservabion of HMass: my = m%
&, Vx Ax = %Vﬂ A;j Lot Ay r—Aé_
P i
@5%3( Vg = B . = Vy (kzr)2R vy Qﬁﬁ‘rj}/zg
RTy < (K RTY)Z  RTx (mub)“z RTQ




)

% Dec IO a

< = :
M: M:i ke = P:‘, Ty " Mx
TE/Z T V= }5— - 1:— o
R o) X X g
Now svbshivie B P 2’ T rtios Hom chbyee
)
Kol 2772
|+ kM @ A My Diby /15, My Le@g
|+ KM E b+ K a*
J PN il
R
%
\
Cy So SUU Kasou ——ﬁ:_‘:‘a —_ Sujjerb awmotlor ?h-fa'vié
Tx
See -1
o
Hx M R ory fewp
1 \ l ! I
2 0.5 4.5 .49 6.372
g"’_\/‘\/
A‘f;b}(b‘{ U‘—egr\vg ipﬁoa?
527%}\
To Acceloreke (T
P, '_——*.2“_"“; A 3 Decelere fo To
3eatgpie o R = >
P - ;
b /Lg‘ﬁ ij lbfvl%ﬂ))ﬁfﬂ%)b %
¥ > My
|
Finy  law  seys Te 1s Stma Lo+ will g
PO@ < oy - This 15 wlee T AS#FO los cowmes n.
)
O,
D-\ﬁ = &:(MX}
oy
Ao °}’Pﬂj + ovr  Apolio rffw‘wa Fro}afem.
Bow
Sf’ich
300K, 100 Kk ¥ fv‘f
Isoo™/s i
|
\‘\ Somc Bosm  +o rovnd.




Gz

Befowe 5‘noei(3 no c!is'}uvﬂpauoe;

b I
Cy = %{Rﬂ} ‘e fm.w)(g?w)u{sco}‘ﬂfww)} - =y3 Ry
- 24
1500 ,

My = S5 = .32

=== T 91 —»> /‘43 = 042y
P s = 214 —> Ry = 214D K5Pq
Tofrx =453 — Ty = 1359 K,

Now that we ae on th §~5)'0é2_) Qan S%Gjmﬁe nkewﬁrug:a‘m?ﬂg_

T -1 M=o 4Hz2g = ;éP: D.8% => B = 7929 FR
o)
L= 0%t =2 T5=1l4i0 K
E I
]
]
°Same T & ‘E:mm ss'mFb Dist Jaws AJ

* K F7s atm, So  Struciwel céﬁsl('jh g le@jfmg

| | { . . i f
Mow lobs pob Fla while thing begotlor into s clmeel cirevied wiind  omeal
o%z\ijm‘.

w@w’}': /’\‘ﬁ:z in :‘19.5%— Secg'fbn
€Y dispelor = (%0 emt
== m
> Dimensios

—_— w

300K f

o Bgfa ;
—




Thi Srek FQ{‘%’ is S%VQOEM%%UMNJ:

/4 weleg e —Fﬂew +

M=Z i.sm‘irzziﬁf&”é.
) P A/‘i’
<1 M /Pe T A
o ! 1 =
25 ) Dow
237 ) Powy
| £.524  0.333 |
%; = E-ES)UP
< Lesm/ d
! O o oo
MHzT = Bp = Q1238 = £ —=17.8 kP,
The = ©.5355¢ = T, = EEE I8LIK
Acjpt= 1.6377 == BO0w _ 1 ¢335 = A¥ = wf?cm‘l
o A ED = 4.4 m:g
2 oo W
R 0.268 "Ym=
¢ Y2
Cet m=0,Vz Ay = Cy= [KRR] T = zgs
Ve = M0y = Sig8M/5
m o= (0.2¢3)(S18)(0-01%) = zyq s
NMow ¥l Jsswe i whebk 4o o mexd
— lhwt 4o Sif“ia:jh:.‘f:e -@2 7,“% recsver T;P Legw Corapresssr.
—— Is-ﬁs%mv@fQ woeld  recs v on@,vﬂ ?% bo# "‘ﬂﬂmx Tt fsmvﬁéu
— What e imibel .Sﬁrmfve_?
Sgbw{% a  Superssme g?uwa Rarrpw -
—  Sheeik ot stz zoids
? Contie do shrw S0 sSebasmc Tl —= "XWA{
—> .+ AS = LZSA®
C@v«cﬁféw% ® @ Tuwe ﬂgkca‘ Lo )ﬂ%‘/ﬁ? = 28
== /ﬂs:ﬂ-é
Ps/Pcs O. 73S == Fﬁ; = Z3.5 Kf
Tofr, = E==h O.b4) T2 = |99.2 7 K.
MNeow shkp across  shoek:
To /e
x Ma ‘%‘/ F 5// iy
L5 o©.tss z.ez 1.32
Ty o= lzsTy = fissfliresl=s 2158
F, = 292 %= Ez-,z:gizs-sf = §{. R KP

1 - ] N
Mow back 7o i€ ire pie +s .)mjnr,nb Flsus:

as)

Ps/,% 7}//"&
M= c.688 —= O34z o. 519
e ; = _ éé'j . S N ]
[} Ps = A?Lﬁz - o IYy2 - 8?-3 “[)% o
T:S' = Tﬁ/@c;:gcz = 2:}\4‘{: —_ To06 K < Saue = e
8.319

@M&w i@ji\

Shock




oo K

R) 7k
= = %O’D

s,

<
)
¢
-+
<
]
3
K.
(v

106

fe
=
o
=
o
C/—kﬁ%-‘

L= mCs (’BZ—TS\) =  Z.g Ke | 1008 WPW'@‘%“N = 2497 Kw
s G =
P o=
Seme Apﬁﬁa‘w%ens: wwﬁ'
52"-3;\!
Filew contish - | v \
1000 ¥y F e e _’f/__._\ 1\
— b /
— /
Preces s ; o

F

|

Subiince

—_

dim-g

. L . . -
Aw&}rw{ S Pooie  an air Tiow  with F>7 s

. s 3 |
Sthee  eY  hnavrseesd Dol T
J

—_— o Sonse & May. o
- .9 g% sk lh'ém/ﬂ av e ‘%‘ onie @ Marrog pov
A

J
!

ﬂ J

T h i B e .~ 5 B 4 —a

Broin }eawrt _— (== Sardh  throdlia,  jddenl = leacs Yo OT=0
in g—e%s‘?&sm%‘&.\ c‘ﬁmﬂp’?a .

Bedv Cone / The. nozgle

AF)*SS ag@;‘; ol H& %

- = o

3 - .
Fes mﬁﬁ‘j,}ph KE on eiller end, $o
= Sa. = nswele.
; ] . £ )
& theoeT = Soperssacc. remﬁ‘mwfg

Tf’:e %Yﬁrv{i\‘&‘(

h) 3 i 3 :
Bt coulol has fleq+ Gbsseptiya




