Formula memento
Engines



Operating principle

D : Bore (Diameter) f"}_\_/u" e
L : Stroke (Length of stroke) ———— BDC
R: crankradius= R = £ 1__

TDC : Top Dead Center 4

BDC : Bottom Dead Center crankcase

Vi, : clearance volume = ‘dead’ volume = V, =V ,

Vy : displaced volume = swept volume by 1 piston = V =L- ﬂ.f

V¢ : maximum cylinder volume (=displaced + dead volume) =

nC: number of cillinders | p ) Ve =Voc =VotV,

V. - engine displacement (=volume swept by all cylinders) = V,=nV, oo

¢ © geometrical compression ratio = . _Vc _ V.tV =0
@ . crank angle (¢ ., ) = time (motion) Vo Vo

| : connecting rod length .

A : ratio of connecting rod radius/length = A =§ x=t

w : angular velocity = ¢=w't with w= 2'ZO'N

N . engine speed in revolutions per minute [1/min] .




2. Thermodynamic cycle (P-v)

_ R

Pv=r-T with r= === Otto-cycle: representation

= 8'314 with indicated mean pressure (IMEP)
rair = ’/71 . 28 97 287 JkgK A | Swept Y?lur,n,e per cylindgr .

air P
V= CP/CV

1 . o
n, =1- —T theoretical thermodynamic efficiency (Otto)
£
—1-L| 21| theoretical thermodynamic efficiency (Diesel

n, = = y-(5 _1) eoretical thermodynamic efficiency (Diesel)
with 6=2-5 (combustion delay)

2 2 o
Vo Volume V Vot Vu
area equivalent

to net cycle surface _
negative low E -

E = {P-dV+ {P-av =(IMEF,, +IMEP,).V, E = §P-dV = IMEPYY, pressure loop
cycle HP cycle LP cycle
e IMEP = E
]MEPLP zAPexh—adm =Pexh_Padm _Vu




3a. Key values : work (E), torque (C), power (E)

C, effectivetorque (Nm): measured at the engine’s outlet shaft E,= indicated work per cycle

C, indicated torque (Nm): determined with the P-v diagram = torque C; x 2 revolutions (4-stroke)
. E, E,, E;: work (J) — indicated , effective, friction E = fP-av =IMEPV, =47-C,
1 cycle ittt S
| E, E., E;: power (W) — indicated , effective , friction E =E,+E, E,=E -E,
E Indicated power |E. =n -E, with n = N(rpm) and E = §P-dV : 1 ;
: i c i c 60-n i f Ei =_N(rpm)El
: ™ cycle / 120 I
i n. = number of cycles per second E
i nmy = number of revolutions for 1 Pv cycle E
E Effective (or Break) power (for 2-Stroke nyy = 1, for 4-Stroke ny = 2) E
| E = Ce(-a) w in [rad/s] ; power E = torque C x angular speed o |
| . 20 _ _ E
I E,=C,[—"N N in [1/min] or [rpm] !
! L 60 |
i E, . =E N L g Ne,, - number of cylinders i
| ¥
! 4r C | ] - B
e |IMEP = ——-— . E in [KW] : 1
IMEP E =——IMEP-V, -N
100 7, BMEP"? [bsr] IMEP/BMEP in [bar]
BMEP =+ .Ce I V, | de[ ar]L 5103 m? Vi fdmior L T
=100 u ,in [dm3] or m N in [rpm] Ee=1200°BMEP'Vu'N 4




3b. Key values : efficiency

Indicated efficiency :

n.=5

; =without friction losses

AR® = LHV in [kJ/kg]
M, in[kgls]

YCOWlb YC‘;mb = MF .LHV Y.C-'o-mb In [kW]
Effective efficiency : E e | =With friction losses ! |\E =n,-LHV -M,
n=—— 7 —
comb ,' zYc;mb
Mechanical efficiency : _E, 7. expresses the  / y o = E, _BMEP
Minee Ei 7, friction losses / mec Ei IMEP
Thermodynamic E eat cyce 1
(theoretical) efficiency : |Tmn = 5 => (Otto/ cycle): |N,., =1-—
Qcomb I/I Ey
ICi : E; / , . Qromb
- Thermal efficiency : n=— . _v+~  Combustion efficiency: |5, . ==
Q Q = Y comb +
comb F————-—---- F comb QF
. (typically 97-99%; combustion losses: 1-3%)
Cycle efficiency kT
(shape efficiency): Meyete Eratorer

________________________ =>

= Ninin " Meycte

Typically (example) : 42% (thermal) = 60% (Otto, theor.) x 70% (cycle)
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3c. Key values : specific fuel consumption

Break specific fuel consumption BSFC.:

BSFC in [g/kWh]

M . in [kg/s]
£ in[KW]
LHV in [kJ/kg]
BMEP
x
g

g .
. . 3 . :
BSFC = (k;/) ~ psrc=Mr 3200 10 M, = BSFC L,
le in (kg/s).W
. 3'600'000 | E =n-LHV-M,
e — l
LHY - BSFC o
¥ | _— full load curve
20 -+ BSFC lg/kwh] |‘ /
18 2P 7\\
. L A D = S 4
14 Q| b / / i
N | ;;:ﬁ:& \ l\
12 { - f
" cyrves SV
8 Jl L /":L%/ftb"i
6 — | 11 A
: e ™ -

350
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3d. Combustion

Ryp =t Do M| Ry mass [kge/ kgad M., in [kg of Air]

F F Mg ) .

> stoichiometric air/fuel ratio N, in [kmol of Air]

- N m . in[kg/kmol of Air
R, =ﬁ R 4/ molar [kmolg/ kmola;] 4 nlkg ]

F
A= My _ Ny Air/fuel excess ratio [kgg/ kgl

A,sto NA,sto

General combustion equation:

N.-C,H,SON, +N, . (0,+3.762:N,) = N, -CO, + N, ,- H,0+ Ny, -SO, + N, N,

woxTy Nz

vV,W,X,y,Z : atomic stoichiometry coefficients for C, H, S, O, N in the fuel chemical formula

R, = = —4 = °;11A=4.762° v+z+x——

M, N, m, N, ., 2

MA,SZO NA,sto ﬁiA 4762 ) N02 ,Sto m w y ] 2885
m



4. Load regulation (1)

Monocylinder :

E; as a function of|Mr :

E =n_5-M, LHV

Mg : fuel quantity introduced pe

n. : number of engine cycles p

E, as a function of|M, :

with

Ycomb MFLHV
M,=n-M,=n, M, 1
| R,r A

r cycle (and per cylinder)

ar second

M, : air mass introduced per

q : energy content of the mix

cylinder
ture: [KJ/KQail

M, as a function of P, Teo -

ideal gas law:

MA

P
= nvol )

) coll

coll .

Nvor - VOlumetric efficiency

V., : cylinder displacement

nvol =

MA,real
MA,ideal

or

MA =77vol .pcoll V;

Wlth MA,ideal = pcoll ) I/u

—_— =>

formula
next slide



4. Load regulation(2)

Monocylinder :

o _ P
previous => F; as a function of Pooy, Toon: |E =n_m.np —< -V -q

slide : T ; u
E,as afunctionof Mp: |E . =n.-M -q| with |M,=n 2, T”V

r: coll
M,

M, : air mass introduced per cylinder (kg)

M, : air flow per second (kg/s)

E =n. - N . . Lou Vo
Multicylinder : = 601, ho reT,, 1 with V., =n-V, (engine displacement)
. M, n: number of cylinders

Effective / Break power: E =g -E = B, = e’ 11, " M, 9]

1 \—\K—J

Ne ]%20




4. Load requlation (3)

Multicylinder :

ée as a function of M, : E, = 77mec 1, M

7 / M p-LHV

- : ] P :
M, as a function of P, Teo M, =n 1., THV al with chz =nV,
r: coll
s ’ n: number of cylinders
M, : total air mass flow of the engine
n. : number of engine cycles per second
M, : mass of air introduced into a cylinder and per cycle
q : energy content of the mixture : [kJ/kga;]
: N P
e . ._—cll I .p.
. Ee=77mec 771' 607’1 nvol V'T I/u n q
E. as a function of Py, T¢q : o M ot
n. MA
M,
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4. Balance expressed in terms of power E (kW)

Fuel HHV:

Balance:

Exhaust loss:

Power engine

l

Y+

comb

= MF ) Ahlo + Mcond ) q\(/)ap

Ee_ = Yc;mb _Qé _Q;e _Q.a_h _Qac

Q& =MG'}:G +2M1'Ah3

Water cooling loss: O, =M, - (h,, - h,)

Qil cooling loss:

Q;h =Mh '(hhz _hhl)

Loss to atmosphere: O

Effectiveness:

B 05+0.+05+0.

E=N, =—
. v

comb

Y+

comb

Cogeneration engine

l

Fuel transfor-

mation power: Y7 .. =M. Ah" - M ARG +M,,,,q° ~Mh;

- - - L -
Ee +17ae+Yah =Y0mbM_

C ac

Water transformation power: Y. =Q. =M (h,-h,)

Oil transformation power: Yh = Q;h =M Wy = hy)

Effectiveness: E +Mohg +Y, +Y,

Ey =— . :
" MF Ahio - (MI Ahl(; )+ Mcond q\(/)ap

!

unburnt fuel
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