Conversioni

1lbf  llbm-g

1slug = - — 32.17lbm = 14.593k
T T Fes? T s " g
_ m 03048/t _ ft
g=9807 = 980703008 — 32175
Ibf g-0.45359g kg
P9l = 57 = " 30asyrme = 9 100253
1psi= 120 MG yeap M _ 4630 4035KG oo _
PSU= Yz T Y T 2 T 13048m - s2 -
lbm - R 45359 45359
LBTU = 1Cal ——— = 1kCal — = = 4186.8- J =1055.1
Ibf kg

1hp = 550t — = 550 - 0.3048m - 045359 = 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 consumo specifico (TSFC Thrust Specific Fuel Consumption) sono
normalmente:

[TSFC B mf] _bm lbm 1 s 1 S
~ Fl1 hr-lbf 3600s-1lbm-32.17ft/s? 115830 ft 1158300.3048m
1 s 1 10°mg mg
= — = = 28.325——
34305m 34305s-kg-m/s? s*N

g _10°mg 10~°kg
s*kN~ s-kN  s-N

My mg
TSFC = —] = =
[ F s-N
Le unita di misura del calorifico del combustibile (fuel heating value) sono:

1055.1

BTU 1055.1 1055.1kg - m? ftz t2 0.3048m)?
[Qr] = = J - g m” _0304827° _ o30St _ 55039 0-3048m)
Ibm Ibm Ilbm - s2 .45359 - 52 52 s2
2 Ji kj

m
=2326.1— = 2326.1— = 2.3261—
326,17 = 2326.1 1 = 232617



Formule PA2
P O 099090 9 09 S

Primary

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

Afterburner Nozzle @ % Engine {
__________________ core

—_— Inlet K

= e
Uninstalled thrust F, = mqoVy — 1V + (po — po)Ag

Turbo Fan £, = mgVy + myoVig — MoV + (P9 — Po)As + (P19 — Po)A1o
Gross thrust: F; = mgVs + (pg — po)As

Internal thrust: F, = Iy — I; = moVy + (pg — po)Ag — (M V; + (p1 — Po)A1)

Installed thrust: F; = mqVy — oV + (pg — po)Ag — ff T, dAx — fog(p — po)dA,

. . . 1
Additive drag Dgqq = M, Vy + (py — Po)Ar — oV = fo (p — po)dA,

Efective exhaust velocity: c = — =V, + + Po=Poly

mp my,
F
Specfic thrust: —[
moao
TSFC: L[4 _Mptthox L Ty
F F
ipr  n F 1 F 1
Specific impulse: I = — = [s] or for rockets I = — = [s]
gomys goTSFC Gomyp goTSFC
. V3 magVie thoVd
.. AKE 1+)VE !
Thermal efficiency: ny, = = QIVIVE o for turbofan Nep = —2—2 2— or for
Pt 2fQr MyQR
AKE+P,
turbopro = 2
Prop nen = QR
. . . . _FV 2 —_fiYo L Fi%
Propulsive efficiency: n,, = AE 1+V9 or for turboprop n,, = AKEAF. = P or for rockets n,, =
FV 2%

j— C
- Nz, p)
FV+my(c-V)?/2 1+(9

i . . _FyV . FiV 4
Overall efficiency: ny = npne, = — or for rockets n, = o Qg ()2 = o




Formule PA3-4

y—1 -1 T  he hy his
k=—— =1+—M?=—=— 0 =— 6, =0, =—
” v 2 T hy AT UET e T
B T L R 1 _hs B
" hy R T T T
poPo L Pe P Pu PP
" Po ¢ Pto ¢ Dt2 b Dt3 ‘ DPtea " Dts
2 5
03 419
Peo - 17k
="""=1 —————A42) L
Pe2s\* _ Pe2\* _
_ht25_h0_<p0) 1_(790) 1 Pt2 Y — 21/k
Ng = = —=(1+ M
t2 0 Tr M2 Po
-1 1/k 1 1/k
Pt2 Po 1-I_ndyZ Mg (1+rld 2 Mg)
Ty =—— = =
“ 7 Po Pro 1+%1M§ Ty
& e k k k
- =<&>k=‘[f - =ne_c _ht3s_ht2 T[c_lzﬂ:c_l
A\t ‘ © e ¢ hs—hy t.-1 X
m.—1
V.9 . .
nbzl—esz €~2 m, = (1 + f)m,
ht4 - ht3 T3 — TcTy
hi + fQ =14+ f)h - =— =— T
3 +/ Qrly f)hes 4 QrMp — s QrNMp/ho — T2 b
- =T% S 1. = hey — hys _ 1-1, r=1— (tc — Dz,
‘ t ‘ ‘ ‘ hiy — hess 1—7tft ‘ Nm (1 + )1y
Pez\*o ko Do\ kg
i =(p9) T, _(NPRpg) T,
@)% -1 (werER)" -1
Do Do

T

T, T,



Ciclo reale turbojet

E, (P9 — Po)Ag 1
—=A+HVg—-Vo+————=0+ )V |1+ (1—
qo= (Vs =V + B2 = (L V|14
F, V. ~Lo
u 9 Po
, =1+f)—(1+ -M
myay / Qo Y9M§ 0
V. Mya RoT. 2 ko
Yo _ Mo 9=M9 Yohiglg Mg _ [(@) _1l Pto
Qg Qo YRT, Yo — 1|\ py P9
T _TTw_ b go= Lo T Cp
To  Tro To (@)kt T T ‘T hop
P9
f Ty — TcTy T2
= T =
QRnb/(cpTO) — T g TcTy
k
B et ) S
‘ Mm(1+ )1y Pt ¢
_ 1/k
TL'O 1 +ndy 2 1Mg
Tr_90=T——¢o g = -1,
1-1 ﬂf - f
L Fufio
11—t

AKE _ A+ V¢ — V¢ . a§[(1 + H(Vo/ae)* — M§]

Tth =R, 2fQx 2/ Qx
RV, 2F,Vo /1y
= 3kE ™ @[ + ) (Vo/ag)? — MZ]
_Dbo
|4

Po
P9

_)] v,

Po
— = MM T T —

9



Ciclo ideale turbojet

Yo =Y thﬂft Tcznéc
my = Mg - 1+f-1 P9 = Do
1 1 L
Nen = 1 — =1-= —
Telr nk (1 + = > 1 Mg)
— 7.— Dt
Tr=1/)0=1+TM§ rt=1—(c )T
T2
Mg:—l[(ntncnr)k_l]: _1(TtTcTr_1)
Ty T3

Mg =m, =1, =1

T (tp = D — 1 + .M — Mo

moeQy Qo y— 1.7, y—1
¢, Ty T)
f = Z_R (T/l TcTr) Tp = T,
c, T,
f apQO (ta — T.74)
TSFC = — OxR
Fu/mo

y—1

2
(e = D= 1)+ 0,45 - My



Post bruciatore

Po
1-Eo
E Ve 1+ T — 0T
.u :(1+f+fAB)_9 1+ ng _MO fAB:( f)(A.AB At)
0Qo a YoMg Qr.aBMaB _ -
CpTO AAB
Vs _ Myaq M YoRoTg M2 = 2 [(@)kg _ 1] Ty _ Ty Teo _ _Tas
Qo Qo K YRT, ? Yo — 1|\ pgy To T Ty (@)kg
P9
Pro =, AT T TG, —
Do n'tAB/ttitpitcltd rp9
+
rsrc =1 ’,CAB
E,/mg
po JAKE (L f 4 fu)VE =V a0+ S + fap)(Vo/a0)? = M3]
TP 2(f + fan)Qr 2(f + f28)Qr
FiVo 2E, Vo /my
Ny = - &
P AKE  af[(1+ f + fap)(Vo/ag)? — ME]
Post bruciatore caso ideale
k . .
Nap = T4 =Tm," T, = 1§ Tup =1 Mmy~mg > 1+f+faip>1 pyg=py
Ty~ TcTr Tiap — TaTt Trap T Tr
= —-—— = —m + - _—
cpTo cpTo
F V. -2 V.
u 9 P9 9
=(1+f+ —| 1+ —My,=—-—M,
Moty ( f+ fag) ao ngg 0 ay 0
E=M9a9= E @=nnnp0=r%r%r%
Qg Qo K Ty Po e P9 trer
2 Pto
M2 =— (—) -1 = -1
9 Y — 1 l Do l -1 (TtTcTr )
Ty T).4B E, 2 2 < TA.AB
— =" = = -1)—-—M, = 1-——=
Ty 1,10.7, TaBTh Ty y—1 TapTp (T Tc Ty ) 0 y—1 1,7,
1
T+ 1, (TA + TT)E
T = - =
Cmax ZTT Cmax 2Tr

)



Turbofan a flussi separati

S

13 19
0 5 9
idc'brtn
k-1 nF-1 r1
_f _f _ . Yéf
=7, _17 "k iy =T
f a_l
Ty
. _1_Tr[(rc—1)+a(rf—1)]
‘ nm(1+f)f/1
E,  (A+0V. -2 v -
a
L = 211+ ng + 19 # - M,
Mgir@y 1+ a ag YoMs 1+aag YMio
mair=(1+a)m0
Vie  Migayg Tig 2 De19)\*
—_— :M19 E— M129=T (t_) _1
Qo Qo Ty Yy —1|\ppo
y-1
@=ﬂ nnn@ E=T19Tt19= TrTy T=7TW
P9 mirta " Py To Tio Ty (@)k ! r
P19
TSFC = f. = f
E,/mq 1 -Po 1 - Po
A+ Vol 1+ —LB2 | +av|1+—L2 |-V
Ve )/9Mt§ 1 VM129 °

AKE A+ OV +aVih, —(A+a)Vg (A +f)Vs —V§ Ve = Vs

= a
en =", 2f0r 2fQr 2fQr
1-Po 1 — Po
Voe=Vo |1+ ng Vige =Vig |1+ #
YoMy Y M,

_ 2V{[(X + f)Voel + aVige — (1 + )V} 2Vo[Vo + aVig — (1 + a)Vp]
e (14 NV, + aVis, — (1 + )V Vs +aVy — (1 + a)Vy




Turbofan a flussi miscelati con post bruciatore

0 13 15-' N

] : ]
Gy
3 ALY
he anTr/TtT/l +1+f) TraTlr N1+ )A -1ty —7.(x. — 1)
Ty = Ty = a =
ht5 l+a+f T, T, rr(rf - 1)
Ms ap Ms ap ( f ) TaaB — TMTeT) M tor f
CpT AAB
V. V. —
) P9
= (1t i) 28 Yoo Vofy 4y Do
MgirQo ot Qg Qg V9Mg
V. Msa R,T. 2 kg
Yo _ 99=M9 Yohiglg M§= <@) _1l
Qo %) YRT, Yo — 1|\ pg
m AKE a?[(1+ Voo/0g)? — MZ
TSFC = f.tot ft(.)t Nen = — 0[( ftot)( 9.e/ 0) 0]
Fu Fu/mair :Pt thotQR
n, = FiVO . 2Fu]/'o/ﬁ’vair
P AKE a(z)[(l + fror) Voe/ag)? — Mg]
Post-bruciatore Spento
:—TA_TCTT f :—f E:EE:—T{L—ACP/Cpt @:T[ TTpTU+TC TC-TT 4 TT @
Qrlb _ T 1+ a To TwTo (Pro/Po)*e P9 ML TR AT
cpTo
Post-bruciatore acceso
Ty — TcTy ( f ) Taap — TmMTtT) f
= =(1+
QrNp . Jas 1+ a/) Qraslas _ - Jror = (1 +a) + fap
CpTO 1 CpTO A.AB
E=£E=—TA'ABCP/CPM @=nﬂ ﬂﬂﬂﬂﬂﬂ@
Ty T Ty (Pro/P9)ko Do nrABTMELTD e Po
Turbofan a flussi miscelati con post bruciatore caso ideale
at. T, /t; + 1 2 (T TFTy A—-to13 —1,(r.— 1)
M= "> 0lim = —< ——1) a=
1+a y—1 -1, ‘Er(Tf—l)
f — Ty — Tty fAB _ TAAB TfTr(Tc - 1)

QR/(CpTO) QR/(CpTO) - (Tc - Tf)QR/(CpTO)



Post bruciatore spento Post bruciatore acceso

E, _ |y T, TfTr_l—M F, _ ZT,LABTfTT—l_M
mairao Ty ¥V — 1 0 mairao Trly V — 1 0
fo= T) — TcTy foop = Trag T Tr

=— 1) Ay ——
rot QR/(CpTO) ? QR/(CpTO)
TSFC = ftot Nep = a(z) [(VQ/aO)Z - Mg] 1, = 2I;'uVO/n.f"air
Fy /gy " 20t Qr P ad[(Vo/ag)? — MZ]
TurboProp
2 455
0~3 4 S,
idicibtht in:
Prpr
o = PiLpr _Na _ htas — hyss S his Ny = hias — hys N, = hias — hys
P :Pi.tot Pi.tot ht45 - h9s t ht45 t ht45 - htSs tp
Dos \ o 1—14 1-—14
Ty =1 =Ny ap 1—( ) NeL = kg 1
Ptas 1-m, L
1 TL
F, V. i F, P.
core 9 Do D Npropys
=t t Feore My d+7) Qo * V9M<§ 0 meay, Mmylpae

o Nprop (1 + ONgpNm, Mer, (1 — o) TenTacpTo
Moag Voao

_ AKE A+ VG = VG +2P5 /g a§l(1+ H(Voe/ag)? — M§] + 2Ps/m

Ten =", 2f0r 2f0r
n, = FiVO _ Z(Fp + Fcore)VO/mO
PAKE  ad[(1+ ) Voe/ag)? — ME] + 2Ps /1
TSFC = f -
(Fp + Fcore)/mo
y—1..,
T ——M; 7. — 1) /n?
T:L _ b n 2 ai.; —1- ( T )/nprop

- 2 -
TtHTA TtHT/'mprop TtHTa — Tp

ht45 - h9s



Formule PA5

y+1)

AY A* -1 2(r-1)
O i Wy, M) = —y* =yM<1+y—M2) Y - My
a A 2
Ay M, ) - 1 r+1
0 1 (P0)20r-1) Y — Y+
—=—— y,M) =1+——M? K(y) =
diffusori
c _pz2—p1_ Dp 1_<A1)2_ _ 1
PR — 7 = -1 - PRigeal A.) AR?2
N 791V12 2

Ap

Dyaa = f (p —po)dA = my(Vy — V) + (p1 — Po)A;
Ao

y
Dada Ay (a4 P1 Yo K Yo Yo\r-1
=yM, —(—M —M)+——1==yM (—) M, |——M, +(—) -1
PoA1 01‘11 Qo ! 0 Po ! Yy ! Yy 0 (2

g =1-0.1M, - D' 1 <M, AIA-Standard (6.34)
my=1-0.075(My— D!  1<My<5 MIL-E-5008B (6.35)
g = 800/(M; + 935) 5< M, MIL-E-5008B (6.36)
Ugelli
29 1- (&)kg (@)kg —m,*  (NPR @)kg e
NPR = Pt7 n=ht7_h9=v9/2= Pt9k= Py _ "o Py _ "
p " Ry —hes Vos/2 Py \ Per)* Po\*e
o R R ()
Pto y—1 o _ ko
2= (1elgms) =l
1+ cosa
3D Cp=——
F = CymgVy + (P9 — Do) Ao { sina
2D n=—
1 1\2bsoD
2(y9—1
Aspy _ L+ f+fas [1o ps |(B2)
Ag 1+f V5 Ptsap Ve + 1 ystl




Formule PAG

Miscele
n n
my
ny = Pm=pP1+p2++pp=) D H,=H,+H,+--+H,= ) H,
MW, . .
i=1 =1
W +moh, + 4+ mh, N - - -
m m e m
m = 11 272 nn:Zmihi/Zmi mm=anWm=Zmi=ZniMWi
i=1 i=1 =1 i=1
Y MW, o n; 2
nm nm pm Vm

i=1

n n
PiVin = niETm pmVi = niRTm szpi = Vnbm = nmﬁTm = ETmzni

i=1 i=1
hi = €y, T 123456h,, = ¢, T
. _Zmicpi_ZniMWicpi _Z)(iMWicpi _cpm_Zmicpi
Pm = m.  n,MW, MW, Ym = Cop, 2N Cp,

Reazioni chimiche

T

H=mh=m jcpdT+Ah]9

Ty
~ . kj - _ kJ
Cp = MWCp [Cp] = m Ah](c) = MWAh}) [Ah](c)] = mol

Qext = Z[njc_pj(TZ - Tf)]prod - Z[nifpi(Tl - Tf)]rea + AHgpy
J

l
AHgps =Y, j[njAf_L]gj]pmd - Zimiahgi]

ke pepp? A X xp®
K =_f= — Kn(pm)n(:+nD nA-nB Kn =

Pk pﬁApr Xa XB



Formule PA7
U=wrégg W=C-U C=W+U

Triia = M(12Co2 — 11Cp1)

P = Trpigw = mw(r,Coy — 11Cy1) = MwA(rCy)

P h wA(rC
Eulero w = — = wA(rCq) = A(UCy) -1+ M
m hey hey
T+ 1
T =~ w = wA(rCy) = wrACy = UACy  Cg; = C,q tan(ay) Wy, = C,q tan(p;)
Tp = —Tfig = —Mr(Coz — Co1) Ts = —Trpia = —Mr(Cos — Co2)
Ty, U? C, (Cypy Cortana, Cgp U+ Wy, Cy,
21 (P, —tang,) AT DT 0y 2
T, + T U \C,0 ana, —tan o, U U U + U an S,
Cz Cz/al MZ TtZ U2
Coef. di Fl p=—= =— —=1 1 t —t
oef. di Flusso: ¢ U Uja M, T + T [1+ ¢(tanf, —tana,)]
T, —
214 v ) [1 +— (tan B, — tan al)]
T 1. y-1 ¢2
Mz " 2 cos2
. 45 5
rotalpia: h; — CoU hy = hy + - = h, + >

P
hiz — hey = a =w, = CgU — Co1 U

. o _Bh _Cor Cor _
Coefficiente di carico: ¥, = T U 1+ ¢p(tanB, — tana,)
he —hi _he —hy — (CF - C1)/2
hs —hy  hg—hy — (C_% - C12)/2

Grado di reazione: °R =

hey — hey — (C3 — CE) /2 (cz-cP)/2
Stadio ripetuto(C; = C3): °R = =12 17"
! ’ hey = her — (C_% - C12)/2 hiz — his
R Coz + Coq Co. 1 tanf, + tan a,
Per(CZz=Czl): Rzl_Tzl— nl}eanzz_(P 2
Wz — W | |Co3 — Coal
Fattore di diffi D—1—— ——"— D, 1__ —v3 o2l
attore di diffusione: W, + 20 C, 201,
__ Ptr1 — Der2

. e CT'
Solidita: 0. = — W=
T P17/ 2



Formule PAS8

Ty = m(r,Coz — 11Co1)
P = =Pp = m(hy — hez) = 170 = Mw (0o, — 13C03) = MwWA(rCy)

hy —hs _ hiy —hes = (CF = C5)/2

Grado di reazione: °R = =
hl - h3 htZ - ht3 - (C12 - C32)/2

Cop + C C
Stadio ripetuto(C; = C3) e (Cpp = C,q): °R = 1 — 22— 283 — 1 _ ZBmean

2U U
w; = UACy = UCy, = UC,y tana,
Cooling
C? w2 3
Tow =Ty + 15— Towr =Ty +7r5— r=+vPr lam r =VPr turb
2¢, ’ 2¢,
Cpk vV Ty — Tyy
P = p— ] e
Tk Ta i —
legge di Newton; q = hy(Tay — Twy)
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
Q = 20mycygSty(Taw — Twy) = oceCpeSte(Tye —T,)) €=2—=—————
g-vg g( aw Wg) c'ttctpctc\twc c mg o, Cpc Stc Twc — Tc

ty i
Twc = ng — EA—g CpgStg(TaW - ng)



Formule PA9 Off Design
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