Onde d’urto stazionarie

> —>
Vi Vs
Ty T
P1 P2
Esercizio 1
. ft ft?
p1 = 10 - psi V; = 1500 s—T1 = 0F = 459.67R R=1716"- SZ_R y =14
4 %4 1500
ai JyRT; V1.4-1716-459.7
IS0 Py Po1 10.0 ]
M, =1.43 — =0.301 =—p;, =——=33.2"-
1 — Por - Po1 ~ P1 0301 psi
(M, = 0.727
Pz _ 2.22
M, =1.43 a4 ?
1= 143 7\ 2 1974
T,
Poz _ 1950
\Do1

_ 150 P _ _ Do1 __ 100 __ . .
M, =143 — =0301 - po = 7 P1= 5501 = 33.2 - psi

Po1

T.
py = %pl = 2.22-10.0 = 22.2 - psi T, = T_ZTl = 1.274-459.7 =586 - R
1 1
Doz = %pm = 0.950-33.2 = 31.6 - psi Apy = Doz — Po1 = —(33.2 —31.6) = —1.6 - psi
01
Esercizio 2
pl = 100 . kPa pz == 400 . kPa Ml :? MZ :7 Apo :7
M; =1.89
p, 400 Nsw M, = 0.598
D, 100 — )Poz
p1 100 £o2 _ 0772

Po1



M, =189 —2, PL_1516 Pos 100 660 - kP
1 or Po1 Dy P1= 5152 a

Doz = Zﬂpm = 0.772 - 660 = 509 - kPa

01
Po2
Apo - (I)__ 1)p01 - poz _p01 - 509 - 660 - 151 . kPa
01



Onde d'urto non stazionarie

V2=V0—Vy Vi=Vo—V
1’5’ Vx TZ = Ty Tl = Tx
Ty T\" P2 = py pl = px
I/() .
Esercizio 1
m m
Vo =600 — T, =300K py=101-kPa V,=0-—
m
Vi=Vo =V =V, =600 — V=V, -V, =?
= JYRT; = V14287 300 = 347 - — N899 g0
= VPR =N BRE VT 347
((P2_33)
P1
T
—2-1478 P _ 0.194
NSW T, Po1
M;=1728 —— { ' M, = 1.728 T
—2 =0.843 L — 0626
Po1 Toq
p2 V1
=2 =_1=225
\p1 V2
_ﬁ_m _101_ . _M _300_ .
pOl - 5711 - 1 pl - 0.194 = 522 kPa T01 = T Tl = _0.626 = 4‘80 K
py = %pl =3.32-101 = 336 - kPa T,= 2Ty = 1478300 = 443 - K
1 1

Doz = 22 po, = 0.843 - 522 = 440 - kPa
Po1
pooVey, 600 L m
2Tyt T 225 s

TOZ
TOZ =T_T01 = 1'4‘80 =4‘80'K
01

Sistema di riferimento in cui I'onda € non stazionaria

V=V, —V,=600-267=333- % M=o 33 _
yooe e - s ¥ a, V14287 443 422
T,

M, = 0.788 Py 0664 -2 =0890
Poy TOY
Doy 336 Toy . 443
=2, = 506 kP Toy = 2T, = —— =498 - K
Poy =5, 7 = 0.664 ¢ =T, T 0.890

3
= (0.788



m m
Vy, =267 — V, = 600 —
S S

I; =T, = 443K T, = T, = 300K
p2 = py =336 - kPa p; = py = 101kPa
Toz = 480 . K T01 == 48OK
Doy = 440 - kPa Po1 = 522 - kPa
V, =333 = m
y = S V, =0—
T, = 443K - 30 SK

— x =
py = 336kPa p. = 101kPa
Toy = 498K Tor = 300K

Poy = 506 - kPa Dox = 101 - kPa

Esercizio 2

m
Vo =? T, = 300K G=0—

m
ay = YRT, =V1.4-287 - 300 = 347 - <

Primo tentativo

m
M{=14 o V=M, =14:347=4861— V=0 > My=M, V=V,

M 14 NSW D2 4 169 v Vs 486.1 288 m
= 1. _— —_— ==, - = — = —_—= fp—
! p1 Vs, 27y YT 1.69 s
V=V —V, =486.1 288—198m _Vy'—Vy_198—100_98
y = o T T2 = O - Ty TT10
Secondo tentativo
m
Mi=12 - V,=Mya,=12-347 =416.6- -
Ve=0 - M,=M, V=1,
Iy 19 NSW D2 4 1342 v V, 416.6 311 m
= 1. _— —_— = —=1. - = — [ — J—
1 p1 V, 27y YT 1342 s
V=V -V, =417 311—106m _Vy’—Vy_106—100_06
y =l 2= - s =Ty, T T 10



_ Mde'— Mle® 14-0.06—12-098

M? =1.19
0 el — g0 0.06 — 0.98
T 200 K ax 347.2 m/'s iy 100
M0 WISVl paipl w2 ' 2%
1.4 486.1 1,690 287.6706 198.4 98.39355 1.2
1.2 416.6 1,347 310.541 106.1 6.085 1.187
1.187 412.0 1,219 2124566 996 -0.408 1.188
1.188 412.3 1,320 312.3345 1000 0.002 1.188
1.188 412.3 1,320 312.3351 1000 0.000 1.188
Esercizio 3

m m
Vo =? T, =280 - K =300-— V=500 —

m
ay = YRT, =V1.4-287 - 280 = 335 <
Primo tentativo

m m
M)=2 > Vi=Ma,=2-335=670-—  V,=V;+¥ =670+300 =970 —

mo=2 28 Pz _Vi_ye7 V2=V1&=@=251-m

pr V, V, 2.67 s
, m V, —V, 719 —500
V=V, =V, =970 - 251 =719 — e =5 = 550 = 0.438

Secondo tentativo

m m
Mi=16 - Vi=Ma,=16335=537-— V=V, +V =537+300=837 —

MO=16 = P2 4 2.032 vV, =V 2 _ 537 264 -

1 o1V 27 "y, T 2,032 s
V=V —V, =837 — 264 = 572 - —W_Vy—572_500—0145
y =T 2= R ‘T=7v T s00

, MYe'—Mie® 2.0.145-16-0.438
Ml = = =

el — el 0.145 — 0.438

Tu 280 K ax 335.4 m/'s

RY 300 Wy 500

rA1 W1 W0 p2/pl W2 sy g%

2 670.8 970.8 2667 251.5621 719.3 43,85404 1.6

l.e 536,77 g936.7 2,032 2e4.1402 572,53 14.50313 1.402
1.402 470.4 7704 1.694 2777167 492.6 -1.472 1.421
1.421 476,53 T76.3 1725 276.1792 500,23 0.057337 1.420
1.420 476.2 7762 1.724 276,2356 500.0 0.000237 1.420



Onde oblique 1

LLLL2 LLs

SeM
Ml = 3-5 6 == 100 E— 612 = 24‘.50

Mnl =M, sin(elz) = 3.5 - sin(24. 5) = 1.45

NSW T
M,; =145 —— &—1776 ——1287 M,, = 0.719 @—0.945
01
Vio=Vyu - MtZ_Mtl _Mtl\/7 318’
M, = {M% + M2, =/2.82 + 0.719% = 2.89
5eM

=289 6§=10° —— €,3=28°
M,, = M, sin(e,3) = 2.89 - sin(28) = 1.36
M., = M, cos(e,3) = 2.89 - cos(28) = 2.55

NSW T
M, =136 ——"s B _1620 2=1229 M,=0757 P%_ 0968
P2 T, Doz

’T 1
Vl’3 = VtZ d Mt3 = MtZ = MtZ T 2 55 79 = 230
3 .

M; = |M% + M2, = /2,302 4 0.7572 = 2.42

ﬁ_&_ﬂﬂﬁ P1P2M1a1 _p1p2My |Th T,

Ay hy psVs o papsMsaz pyp3Ms [T, Ts

hs _pipeMy BT, _ 1 1 35 | 1 1 .
Ry papsM; |T,Ts  1.7761.6202.42 |1.2871.229 =~ '™

Pos _ PosPoz2 _ ) 968.0.945 = 0.915

Po1  PozPo1

p1ViA, = psV34; -




Onde oblique 2

“ .
X L A6.=10
\ %%
€5

¥.
£_C£_dl__s_l_§;2__ reg, 4
reg. | _r_éf 3
: o]
reg 3 ’ / /////W
7
85, 5
S5eM

Ml = 3 612 = 10O E— 62 = 27.50
M,, = M; sin(e,) = 3.0 - sin(27.5) = 1.385  M,;; = M; cos(e,) = 3.0 - cos(27.5) = 2.66

NSW Py T
M,; = 1385 —— = 2.09 =1.248 M,, =0.744
Mtz = Mtl - Mtl\/; 2 66 1 21 - 2 38 MZ - Mtzz + MTZLZ = \/2.382 + 0-744‘2 = 2.49
2 \’
66M
M; =3 §6;3=5° €3 =23°
M, = M; sin(e;) = 3.0 - sin(23.0) = 1.172 M,y = M, cos(e;) = 3.0 - cos(23.0) = 2.76

NSW - ps3 T;
My, =1172 —— —143 ——1109 M,; = 0.861

M, = Mt1 = Mtlf 2.76 /1 o5 = 262 My = |Mp+ M = J2.622 + 0.8612 = 2.75

Deviazioni positive verso il basso
614 = 812+ 824 = 515 = 513 + 535 824 = 814 — b1 535 =014 — 513

Primo tentativo
514= 100 524=614_612 =O_10=_10

SeM
M2 = 24‘9 |524| = 100 E— €4 = 32.00

. . NSW Da
M,, = M, sin(e,) = 2.49 - sin(32) =1.319 M,, =1319 —— p_ = 1.866
2
814 = 10° 035 =014 — 613 =0—(=5) =5
6eM
Mg =275 |64 =5° —— €, =25.0°
NSW P

M,s = M; sin(e,) = 2.75 - sin(25) = 1.165 M,; = 1.165 —— p5 = 1.403
3



1.43 1
Ps _PsPaPiP2 _ 4 403. (—)_ — 0.537
Ps  DP3P1D2Da 2.09/ 1.866



