Conversioni

Lslug = 22F _MDM g _ o lbm = 14,593k
Sug_ft/sz_ Fisz - ok m = 14. g
- ft ft
_ m _ 03048/t _
Ibf g-0.45359kg kg
= —_—= = - 1 . 2 ——
P9l = 5 = " Z0amyrme ~ 9 100253
Lpsi = 1lbf B lbm- g _ 4632 lbm _ 4632 .45359%g 6895 = N
POU= 2 T e T T sz T 3048m -2 -
Ibm - R 45359 45359
1BTU = 1Cal ——— = 1kCal — 4186.8 - J = 1055.1
Ibf kg

1hp = 550ft ek 550-0.3048m - 0.45359 - < g = 745.6W

xF = (x + 459.67)R = (x + 459.67)/1.8K = (x/1.8 + 255.37)K
xF = (x —32)/1.8C = [(x — 32)/1.8 + 273.15]K

Le unita di misura del consumao specifico (TSFC Thrust Specific Fuel Consumption) sono
normalmente:

[TSFC B mf] B Ibm B Ibm _ 1 s 1 S
~ Fl hr-lbf 3600s-1lbm-32.17ft/s? 115830 ft 115830 0.3048m
1 s 1 10%mg mg
= —= = 28.325——
34305m 34305s-kg-m/s? s*N

g _10°mg 107°kg
s kN s-kN  s-N

mf] mg
TSFC =—| = =
[ F s'N

Le unita di misura del calorifico del combustibile (fuel heating value) sono:

BTU 1055.1] 1055.1kg - m? 10551 ft? 2 (0.3048m)?
. . m t . m
[Qr] = = J g m”_0304827" _ 500l _ 5503 0:3048M)
lbm lbm lbm - s? .45359 - 52 s2 s2
z Ji kj

m
= 2326.1— = 2326.1— = 2.3261 —
52 kg kg



Formule PA2
P O 099090 9 09 S

Primary

@ | Ly \k :<J,7 ______ % T nozzle

Afterburner Nozzle @ % Engine {
__________________ core

—_— Inlet K

mo
Uninstalled thrust F, = mgVy — myVy + (pg — po)Ag
Turbo Fan F, = mgVy + myoVig — moVy + (P9 — Po)Ag + (P19 — Do) A1o
Gross thrust: F; = 1oV + (pg — po)As
Internal thrust: E, = Iy — I; = mgVy 4+ (pg — Po)Ag — (1, Vy + (p1 — o) A1)

|nSta||ed thI’USt Fi = m9V9 - m()VO + (pg - po)Ag - flg TWdAx - fog(p - pO)dAX

.- . . 1
Addltlve dl’ag Dadd = m1V1 + (pl - pO)Al - m0V0 = fo (p - po)dAx

Efective exhaust velocity: c = — =V, + M
mp mp
Specfic thrust: —[— 0=
mo Lkgl  moao
TSFC: £ [ ] mf or for rockets 2 = 2/ Mox - Tpdo
F F
Specific impulse: I, = —— = ——[s] or for rockets I, = —— = ——[s]
p p TS T gomf - goTSFC s s gomp - goTSFC S

2 . 2 . 2
mgVs K mi9Vig moVy

AKE (1+ HVE-

Thermal efficiency: n., = % or for turbofan Nep = ———2 2— or for
P 2f QR mgQR
AKE+P,
turbopro = =
prop nen QR
; ‘o . _FVo 2 — _fi%  Fi%
Propulsive efficiency: n,, = g = 1+V9 or for turboprop 1, = AKE+T. = P or for rockets n,, =
FV _ 27

C
- = 2
FV+mp(c-V)2/2 1+(%)

FV v

Qe (vE,)/2 | QR

Overall efficiency: ny = 1,1, = % or for rockets n, =
<R



Formule PA3-4
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dicibitin:
l l
1/k
Pto Y —
="=1 —M2> =k
Pras)* _ Pe2\* _
i G B
7 hy —hy T, —1 V__lMZ 0 ¢ 0
2 0]
_1 1/k _ 1/k
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Ciclo reale turbojet

E, (Ps — Po)Ag 1 Po
T ( Vs 0 g ( Vs ngg Do 0
E Ve -bo
u 9 P9
mpQg f aop ]/9M¢§ °
Vg Mgag ngng 2 pt9 ko pt9 pO
Qo Qo 91I YRTo ? ¥ —1[\ps Do it Ry Po
E=£E= 99 Q=ETTt4=TTC—p
To T To (@)kt T T Ty Ot Cpt
Do
f Ty — TcTr T
= Ty =
QrMp/(cpTo) — 73 g Tcly
k
T, =1 — —(TC _ 1)T‘r Ty = Tﬁ T, = ﬂe_c
‘ Mm(1+ )1y o e
1 1/k
TtO 1 + nd y 2 Mg
T, =0 =—=19Y Ty =
r 0 T 0 d y —_ 1
0 1+ TM&
1—-1 nf — f
t eit ¢ TC - 1 Fu/mO
1—-1]
nr = AKE e + VE —V§ _ agl(1 + )(Vo/ag)? — M§]
th ?t ZfQR ZfQR
F;V, 2E,Vy/m,
T] = - =
PUAKE  aZ[(1+ )Ve/ag)? — ME]
1_Po
4]



Ciclo ideale turbojet

— k¢ _ _k
y9_y Tt_n-t TC_T[C

Mmey~mg — 1+f->1  pg=np,

k
1 1 Ju
Nin = 1 — =1l- —1 cmax.F = 1
TcTy th (1+YTM3) 1+YTM3
- 7.— 1)t
T =tho = 1+——Mg t:1_(c‘m)r
2 2 k
My = y—1 [(memem, )™ — 1] = y—1 (teTeT, — 1)
Tg_ T, _
Ty _TcTr —
I3 V9 2 T3
Thouao = a—o— M, = \/)/_— 17z, (tete1, — 1) — My = \/V — 1Tr(Tb - D, -1 +1,M2 — M,
cpTo T
=_(T — T T) T, =
f=, T W=
cpTo

a’OQR (TA - TCTT')

2
=1 or(@ = D = 1) +7,Mg — My



Post bruciatore

Po
" Do (1 + f)(Taap — TaTe)
—(1+f+fAB) 1+—ng - My fap= :
Moy YoM3 QrasNas _ .
— 7 —Ti4B
cpTo
E _ Myaq - M YoRoTy M2 = 2 [(Pw)kg _ 1] T9 T9 Tt9 TA.AB
ag Qo Ll YRTy 7 ys—1|\pg To Tt9 To (Pw)k"
P9
Pro = T, ATl T T TG, —
Do nftAB/ttitplicitditr Do
+
rsrc =L ],CAB
Fu/mo
Nen = AKE _ (1 +f + fap)Vs — V¢ _ agl(1 + f + fap) (Vo/ag)? — M§]
TP 2(f + fas)Qr 2(f + fap)Qr
EiVy 2E,Vy/my
Np = e
P OAKE  af[(1+ f + fap) (Vo/ag)? — ME]
Post bruciatore caso ideale
k . .
Nap = T =T, T,=mk Mg =1 Mmoy~myg = 1+f+fupg>1 py=pg
T3 — TcTy TaaB — TAT T).AB + Tr
= — = —-—— + - —_——
/ Or 48 Or J Jas QR/CpTo
CpTO CpTO
_Po v
Po 9
=(1+f+  —— My=—-M
Moty = ( f fAB) ngg 0 ; 0
Vo Mya T 111
2=, = Pro _ LT LT, Po _ TitiTk
Qg Ao Ty Po Po
2 Deo\*
M2 = —— <—) —1] = 1
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Ty T,0.1, TaBTp Tty y—1 TapTp (T Tc Ty ) 0 y—1 1.1,
1
T) + 7, (T)l + Tr)E
T = > =
Cmax ZTT Cmax ZTT
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turbofan
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T _"r ___Yer
=7 _17 "k iy =Ty
f a_l
Ty
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Ao Qg Ty Y —1|\p1o
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P19
f f
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Po P19
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( f) 9 ,ngg 19 )/Mlzg 0

AKE _ 1+ Ve + aVie — (1 + a)V§ _ 1+ VS, — V¢ + Vg — V¢

Nen = a
TP 2fQx 2fQx 2fQr
1 —Po 1 — Po
Voe=Vo |1+ ng Vige = Vig 1+#
YoMs YM{,

_ 2Vo{[(1 + fIVoe] + aVig, — (1 + a)Vo} N 2Vy[Vy + aVye — (1 + a)Vj]
=TT AT VE Favh, — (L + Ve VZ+avh— (1+a)Vg




TurboProp

2 455
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dictbtht in:
NN
Prpr
_ fPi.LPT _ NeL _ ht45 - htSs S ht5 e = ht45 _htS Ny = ht45 —hts
Pitot  Pitot hias — hog t hias t hiss — hess Hp
_ Pos \*0 o l=-7y 1-1
T, =1 —Ngay |1 — NeL = Ky 1
Ptas 1—77.'TL 1 oy
TL
F V. -5 E P
TI T0 S
F=F +F core _ 1oy Vol 4P|y _fo _ Tero
v ¥ Feore myag ( +f)ao * VgMg 0 meay, MmyVpao

Fp _ nprop(l + f)ngbnthr]tL(l - TtL)TtHTleTO
Mo ag Voao

AKE _ (14 Ve — Vi +2Ps/mhg _ afl(1+ f)(Voe/a0)® — MF] + 2Ps /g

Nen = —p— = 2fQr 2fQr
N, = FiVO " Z(Fp + Fcore)VO/mO
P AKE  ad[(1+ f)(Voe/ag)? — ME] + 2P/,
TSFC = ! -
(Fp + Fcore)/mo
y—-1..-
* Tp 2 My " (tr — 1)/771291"019
Ter = + 2 ap =1-
TtHTa  TerTallprop TtHTa — Tp
Formule PA5
AY A 1 B (g/ﬂ))
— 2(7—1
. Yy, M) =—¥" =yM<1+y—M2> T =y
ag A 2
A R = 1 0+ 1)
0 M1< 0>2(y—1) — y+
Co_Ti(%e G =1+"m ke =
A My \Y, vl 2 Y 20— 1)
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p2—p1_ Ap Ar\* 1
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ht45 - h9s



A

Daga = f (p = Po)dA = 1itg(Vy — Vo) + (b1 — Po)An

Ao

Dgaa Ay <a1

= —|—M —M)
PoA1 4 OAl Qg ! 0

+%_1:yMl(%)’(<Mlj%_Mo>+(£)ﬁ_l

g =1-0.1M, - D! 1 <M, AJA-Standard (6.34)
g =1-0075My - D' 1<My<5 MIL-E-5008B (6.35)
g = 800/(M; + 935) 5<M, MIL-E-5008B (6.36)
Ugelli

Po\  (Der\* _ ko Po) _ ko
NPR = Pz _hgyy—hy Vé/2 _ 1- (p_;) _ (E) —nnk B (NPRp—g) —nnk

p n_ht7_hs_Vs/2_ Po\Ko (P B Po\
o S R O I (O

1+ f+fas
1+ f

A8PB
Ag

[(yg + 1)2()/9—1)
Yo Dts 2

Ys+1
Vs Ptsyp {(ys + 1)2(1/55—1)‘



Formule PAG

Miscele
n n
my
ny = pm=p1+p2+"'+pn=zpi Hm=H1+H2+"'+Hn=ZHi
MW, . '
=1 i=1
n n n n
m1h1 + mzhz + + mnhn
mpy " " " "
=1 =1 =1 =1

n

nonMW, n; ; V.
MWm=@ZXiMWi Xiz_lzﬂz l

n
m i=1

n
PiVin = niETm pmV; = niﬁTm szpi = Vmbm = nmRTm = RTmzni

h; = ¢, Tn123456h,, = ¢, T,

_Xmicy,  XniMWic, X xiMW;cp, _ Cp, XM Cp,
Pm My, Ny MW, MW,

c

Reazioni chimiche

T

H=mh=m ]cpdT+Ah]9

Ty
= = k] 70 0 70 k]
¢, = MW, [c,] = " Ah) = MW AR} [4R?] = —

Qext = Z[njEDJ(TZ - Tf)]prod - Z[nic_pi(Tl - Tf)]rea + AHgpr
7 -

l

pro rea
ke pepp? A X xp”
K =-21= — Kn(pm)nc+nD nA-nB Kn =—

Pk, pippt e



Formule PA7
U=wréggy W=C-U C=W+U

Triia = M(12Coz — 11Co1)

P = Trpiqw = w(r,Cgy — 11Cg1) = MwA(rCy)

P h wA(rC
Eulero w = — = wA(rCy) = A(UCy) —2=1+ wAGG,)
m heq heq
™ + I8
T =~ w = wA(rCy) = wrACy = UACy  Coy = C,q tan(ay) W1 = C,q tan(B;)
Tr = —Tia = —Mr(Coz — Cyy) Ts = —Trig = —Mr(Co3 — Coz)
Tt U? Cy (Cpy Cpptana, Coy U+ Wy, Cz2
—=1 —(—t —t ) R R =Y
Tor + T U \C,y ana, — tana, U U U + U an 3,
Cz Cz/al Mz th UZ
Coef. di Fl P =—= =— — =1+ 1+ ¢(t —t
oef. di Flusso: ¢ U Ve, M, T Cth1[ ¢(tan B, — tan a,)]
T, -1 M
21+ -1 [1 + —Z(tan B, — tan al)]
T 1 + &q«,z My
M2 " 2cos?a
: 45 w5
rotalpia: 4y — CoU h¢y = hy + - = h, + >

P
hi — hey = E =w, = CpU — Cp1U

. o Ahy  Coy  Coy
Coefficiente di carico: ¥, = =TT - 1+ ¢(tanB, —tana,)
hp=hi ez —hy — (C; —CP)/2
hs —hy  hy—hy — (ng - C12)/2

Grado di reazione: °R =

hyy — hyy — (C2 = C?)/2 C? —C?)/2
Stadio ripetuto(C; = C3): °R = =~ ( 22 12)/ = _ (&= G/2
htz - htl - (C3 - C1 )/2 htz - htl
o Cop + Cgq Co. 1 tan S, + tan a,
Per(C22=Czl): Rzl_Tzl— Zeanzi_ 2
veee Wy [Wep — Wl Cs  |Co3 — Copl
Fattore di diffusione: D, = 1 — W, + oW D;=1-— o + el
Ptr1 — Der2

T CT' i
Solidita: o, = — W=
LS P2/ 2



Formule PAS

T = m(r,Coz — 11Cp1)
P = =Pr = m(hyy — hyz) = 170 = (1,0, — 13Ch3) = MwA(rCy)

ho —hs _ ey = hus — (C3 —C35)/2
h1 - h3 htZ - ht3 - (C12 - C§)/2

Grado di reazione: °R =

Cg, + C C
Stadio ripetuto(C; = C3) e (C,, = C,1):°R=1— 262 283 _ y _ Zfmean

2U U
W = UACQ = UCQZ = Uczz tan a,
Cooling
C? w2 3
Tow =Ty + 15— Towr =Ty+r>— r=+vPr lam r=VPr turb
2¢, ’ 2¢,
pr=-PC__ _t "wg
Tk Ta s
legge di Newton; q = hg(TaW — ng)
hL h
Nu=— St = Nu = Nu(Re, Pr) St = St(Re, Pr)
k pU Cp
. Cr
analogia di Reynolds: St = > o. =A:/A,,

. . . M. 20 Cpg Sty Taw — Ty
=2 St (T,, — T, = St.(T,.—T ex—<—__H4_9J "7 79
Q Gmgcpg g( aw Wg) O-CmCCpC C( wc C) g O_C Cpc Stc TWC _ TC

ty Titg
TWC = ng — EgcpgStg(Taw — ng)



