Conservation Equations

» Govern mechanics and thermodynamics of systems
* Control Mass Laws

— mass: can not create or destroy mass (e.g., neglect
nuclear reactions)

— momentum: Newton’s Law, F=ma
— energy: 1st Law of thermodynamics, dE=80Q- dW
— entropy: 2nd Law, dS=0Q/T+0P,

* Propulsion systems generally employ fluid flow

— need to write conservation laws in terms for
Control Volumes
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Reynolds Transport Theorem - RTT

» Provides general form for converting conservation
laws from control mass to control volumes

» Takearbitrary control volume (CV); can be moving
— mass and energy (“heat” Q and work W)

can cross . \W L
control surface  Q @ My A= pl,q [
(CS) boundaries i U
é‘b F |+ Ucs
— forces aso actm & cV ef. frame

onCSand ‘
massin CV OpenCS .
Urel = velocity of material crossing CSrelativeto motion of CS

nnnnnnnnnnnnnnnnnn 2 ” ’ ’ ﬂ
Copyright 2001 by Jerry M. Seizman. Al rights reserved.

Closed CS




cogml -
RTT Equation

» Takeany extensive property B, that follows a
“conservation” law and itsintensive version 3 (per
mass); can show

d

dB
— = dv h
Ll dt_[B +pr ra )dA

Repl ace with appropriate Storage term
Control Mass

Conservation Law

Net flux of property leaving
(rate of increase CV, carried by flow
inside CV) (outflow - inflow)

* Alwaysleadsto PI CO relationship
Production + I nput = Change (in time) + Output
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M ass Conser vation

* |f property of interest
is mass B=m, B:d—B:—d(m)=l
dn dm
dB d
. —| == [pBaV 0, O
FromRTT ey = [PV jpB(ura JdA
d(m) d
—7 = ldv + 1 0h)dA
dt gy dt g p I p1(diq )
) d(m
- om: AP yopmegral contral_
dt CM Conservation
d _
. ov: =2 [pav+ [l Ao
(0\Y) CS
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S|mpI|f|ed Mass Conservation

:a [paV + [plig B)dA
CcVv CS

* Uniform flow (at CS) - no variations across flow
Ip(l_jrel m)dA: pugA- puUgA

Cs(t) outlets in ats
e Add Steady-State outlets inlets

d . .
— [pdv=0 My — T
at [P T
[l m= m m,
m%ets ir%ts nl + m2 = nh
y(l Q/O - Input = Output
e e AF4451
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Conservatlon of Momentum

e Linear momentum

e RTT then gives

dmp - _d [tV + J’pu(urel [)dA
dt low dtey Cs
 UseNewton’sLaw “fproduction”
_ tum
d(ma) . .~ 0f momen
total force = F =P
acting on fluid at |om Z momentum
S . - d - e
Z l:CV = I::‘rnornentum = E IpUdV + Ipu(urel Dﬁ)dA
cv Cs
Production = Change + Out-In
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Force Terms

Examine different forces that can act on matter in our

control volume eg., gravity eg., pressure,
/

shear,...

z |:onCV z |:body z surface
 Body forces oncv oncs

Ifbody = Ipl?dV with f = body force/mass,
&V i.e, acceleration
e Surfaceforces

— free surfaces: not connected to solid body crossing
control surface

— connected surfaces: solid boundaries where there
are reaction forces
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Surface For ces

* Freesurfaces

normal str&s shear stress A?
= nt— 1.A
I:surface = I p/ndA"' I O shear dA ;’i v :—*
free free PA pressure actsin
O if inviscid _opposite
« Connected solid surfaces directionton
— force on fluid is reaction force
(inverse) of force on solid body Fon fluid
_ Fonfiiid = ~Fonsolidbody = |
* Combine

Integral Control Volume Form of Momentum Conser vation

Folidbody ~ IP”dA+ IosheardA+ Ipde = IPUdV + IPU o ()dA

on fluid open open
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* Energy: microscopic + macroscopic forms of energy
internal energy
o 1
B= Eo =E+ Ekinetic= E +Emu2
2
u
energy per mass— B =g, :e+?

e RTT then gives

d d _
dEo) _d [PeadV + [peq (b H)dA
dt |ov dt g, s
* Use 1% Law Thermodynamics for energy conservation

of control mass
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18t Law of Thermodynamics
» Differential form dEgy, =3Q,, — W,

out
d_E — 6an _6Wout =0 _-W. 9 w S
dt oM dt dt in out %
« IntoRTT nr  CV

. d I
Qo Vi = g [PesdV+ [pey{fa

» But work isrelated to forces (F-x) acting on CV
— already examined some kinds of forces
— let’ srelate them to work terms
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Work and Forces

Relationship
W = FG‘L Fi
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Since we let work be

- Body forces / positive when done BY fluid
Wbody ::_;,‘J'pf (midV
. v ~
* Fluid for ces (stresses) Wiress = p(d mh)dA
“Flow Work” CSopen
_ Wyear =~ J’ O [TdA
* Reaction Forces CSopen
— lump into “useful” work term, e.g., shaft work
Wshaft
AF4451

Ener gy Conservation
» Combineinto RTT result (neglect shear forces)
. - _ d -
Qn ~Wray + [of WV ~ [p(M)dA=-- [pedV + [pe,(ra ()dA
cv CS \ cVv C.
open Similar Form Séagﬂaflon
Combine flow work p_ P — ntha pyj
andenergy flux PP, p%‘) E:ph" o =h*5
Qi ~Wear +ijpf [mdv —Cl p ﬁ-ﬁ,d)mdkacjvpeodv +stpho Urg [)dA
open
* For reference frame moving with control volume at
constant vel ocity and no body forces
. . d -
Qi W = — [peydV + [ph, (d (h)dA
0 dt cv CS
P1=CO In-Out Change  Out - In, of energy in mass
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