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» Plastic cola fles (0.5 liter)

* Rubber stop of kurk

* Fiets pomp

e Prijs: 100 Euro voor grootste afstand (mits > 50 meter)
* 1 poging per deelnemer (team)
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summary lecture 5

* ideal gas model

* universal gas constant

* real gases

* Joule’s experiment

* specific heat: ¢, and ¢, (for an ideal gas)
e enthalpy

e (uasi-static processes for an ideal gas
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Processes

Ideal gas: oq =c,dT+padv (quasi-static process)

Isotherm: d7 =0 — g, =w;, = jpdv —j—dv RTIn2
Vi

Isobar: p, = p, > w;, =(p,v, - plvl) = R(Tz —1);q, = ¢, (T, - T)
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Processes

Ideal gas:

Isochor:
Isobar:
Isotherm:

adiabatic:

Poisson relation:

oq =c,dl'+ pav

g1, = ¢, (1, - T})
Q12:Cp(T2_T1)

q12 = RT In(vylv,)

g1, =0

pV" = constant,

(quasi-static process)
Wy, =0

Wi, = R(T,-T))
Wi =41

Wy, ==, (15— Ty)

n=c,/c,
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1->2 Adiabaat
2->3 Isochor
3->4 Adiabaat
4->1 Isochor

IC-engine

the Otto cycle

J_ Py 3
2 4
I I I I 1 bar 4 1 2
1 2 3 4 '
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Efficiency

1=2: 0=CdT+pdV =AW =C,(T,-T,)
2=3: 60=C,dTl = AQ,,=C (T,-T,)
3=4: 0=CdT +pdV =AW =C(T,-T,)
4=1: 060=CdT = AQ, =C(T,-T))

I/chcle = A34VV—|—A12VV
p Ve _CIL-T)+(@-T)_\ T-1
O C.(L;-T,) I;-T, », 3
T, - T, =Zo hoog mogelijk maken = warme motor! Q
. : 23
T, — T, = Zo laag mogelijk maken = koude omgeving! —
o 2 4 o
T3-T2 is gelimiteerd door? a1
1 bar - 1
T4-T1 is gelimiteerd door? ' '
VZ Vl v
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gas turbine cycle

the Joule cycle

4 1
> cooler > p]Z_ 2Q23 3

compressor
turbine HD

heater

P1- 1 4

generator
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gas turbine

generator
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heater

NAAAY
AAA'A

cooler

! )\ compressor
turbine
\

heat exchanger
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systems
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open system

system boundary
| O / = control volume
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mass balance for an open system
Let op de snelheid vector V en volume ook V

control volume
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conservation of mass for a closed system
m, (t + At) +m, =m,, (t) + m,
over a time interval Ar:
m, (t + At) —m, (t) m,m,

At A A
limit for At — 0. (mass per second = mass flow rate)

dmcv

dt

mass flow rate for “flat” velocity profile: rh=pAV=AV‘V
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Som 4.8

*A fixed volume with one inlet (1) and one outlet (2) :
—>find the mass flow rate
—>the area A2

E, =8bar
V,=40m/s
T, =600K
4 = 20cm®

m, =0.372kg /s
A, =6.1cm’

L Femsymaw M
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energy balance for an open system

control volume

total specific energy of a mass element. e =y + %VZ + gz

total system energy: £ = jV pedV
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First Law of Thermodynamics for a closed system:

Q:(Ecv(t—l_At)+m262)_(Ecv(t)+mlel)+ Vl/% +g92 (mZVZ)_pl(ml\/l)

o J/ o J/

E(t—vi— At) Eft) technical work flow work

with: e=u+1V?* + gz

Q:Ecv(t"'At)_Ecv(t)"'ch+m2(u2+p2V2+%V22+gzz —my(u,+ v, + 3V + gz,
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Flow work

Porous plug

FAs

1 2 W12=?=F°V
F-V=(RA-RA)V =(F,-R)AV
. AV
m=-—
»

W,y = 1iv(P, ~ B)
Note: V =Velocity and v = specific volume
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with specific enthaply 2 =u + pv :

Q=E,(t+A)—E, (1) + W, +m, (hz +3V; +g22)—m1(h1+%V12 "‘ng)

over a time interval Az :

0 _ Ecv(t+At)_Ecv(t) n We n m
At At At At

I
At

(h2+%V22+g22) (h1 +%V12+gzl)
limit for Az — 0: (energy per second = power)
Q :Ecv+ Vf/cv + mZ (h2+%v22+g22)_ 7’i’l1 (h’l+%vlz+gzl)
—_— —— ——

-
heat flow technical  mass flow mass flow
rate power rate out rate in
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1st Jaw for stationary open system

control volume

general:
Q=FE,+W, "‘mz(hz "‘%sz +g22)—17'11(h1 +%V12 +ng)

stationary E,, =0 and 7z, =0 —> 71, =iy, =11

O =+ (b, — )+ H(VE—P) + g (2,-2,)]
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turbine

15t law for stationary open system:

With:%(vz2 —\/12)<<(hZ ~h) and g(z, -z )<<(h,—h,)
O =i, + il (h, — 1)+ 3(VE-V2)+ g (2,-2,)]

Q.:Vi/cv+m(h2 _hl)
heat insulation:
I/i/cv — m(hl _ hz)
L Remamow -
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Refrigerator met SIMOO rklep

| hot reservoir

—
condenser / | \rh
. / = Tc

l , ) ——
reservoir 1 60 2
Y,
throttle o
evaporator coefficient of performance:

COP — ﬂ — Qcold — Qcold
VchcIe Qhot _ Qcol-
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Throttle (smoorklep)

1t law for stationary open system:

with: W, =0 and g(z,—z)<<(h,—k) and heat insulation:
Q=Vf/cv+n'1|:(h2—}5)+%(V22—V12)+g(22—21)]
hl_l_%vlz = h, +%V22

when additionally : (V2 —V?)<< (b, — h,)

h=h,

Y

\Z
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Probleem 4.29

Py =3MPa

T, =400°C

(AV), = 8S m’/min
py =0.5 MPa |
T, = 180°C x3 =90%
Vo=20m/s

A Figure P4.29

m, =11088kg / h
m, =40.2kg | h
d, =0.282m
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