Musterlosung Aufgabe 1: <Druckgasbehilters

I. TEILAUFGABE A) = 2 PUNKTE

Mit der Isentropenexponente x = z—p = p-V"* =const

v

c—c—R—c—Rmc—zzsz 83145kmolK_ kJ
v TP Y M v St kg K 16 kg 7kgK
kmol
. ) Cp
Isentropenexponent eines idealen Gases Kk = —
v
2. 22k’°—J
_ g-K 6
=T & =130 kgK
7kg K

Il. TEILAUFGABE B) = 3 PUNKTE

Isentrope Kompression eines idealen Gases: p - v* = const.

Dy Uy =D, - VS

T, o\ Kot
mitp-v=R-T = —:(g)T
. 'p

) 100, 1.306-1
T, = (273.15 + 10) K - (?) 1306 = g71.28 K =298.13°C

Ill. TEILAUFGABE C) = 2 PUNKTE

Gasmasse
R, R,
' - —T 2" Vo — 27T2
p-V=m i = p.-Vo=m U
m, = p:VoM = m,= 100+ 10°(555) 300000(m3) 16( ) =1.01-107(kg)
R,T, 8.3145(2™) - 571.28(K)

IV. TEILAUFGABE D) = 3 PUNKTE

spezifische Arbeit fiir die Kompression: g,, + Wy, = b — by = ¢p(t. — ¢,)

4d.- =0 = Wgo = Cp(tz t ) =2. 22( )(298 13— 1O)K - 639 65 (?J)



V. TEILAUFGABE E) = 4 PUNKTE

FU:pA

dz

e

G=dmg

Fe( p+dp)A

G=dm-g=p(2)-dV-g=[dV =A-dz]=p-dz-A-g
F,=(p+dp)A

F, = pdA

> ;=0 =>G+F,—F,=o0

d
p-dz-A-g—(p+dp)A+pA=0 = p-dz-g+dp=o0 :>£=p-g

dz
. p- dp p-M-g dp dz-M-g
t = — —_— - = @@=
e R-T :>dz R -T(z) :>p R -T(z)
dp M-g
b d
P IR-T(z)z
. d M - dz
mitT(2) = Ts + 30 2(3) = flf): RngE+30-z
d , M
mit jaxibzéln(am—l—b) = lnz0 Rglz(—ln(TE—l—go z))
M

m? = 9 (In(Tg +30-2) —In(Tg + 30 0))
Do R'30
p: M-g
In= = 1 302
npo R-30<n(1+TE)>

M-g M-g

0-2 z

pu)zm{r+%E]R'@ = pwzﬂd/k+3TE}R'@

16(22) - 9.81(2)
30-2(km)] 8. 3145(kmol x)30(K) _ 86.077(bar)

Po = 100(bar)/ [1'* 283, 15(K)



Musterlosung Aufgabe 2: <Produktionspuffer-Tank>

HZE—E

p11 t1
V,, m,
p21 t2

']

[~]

P2 t2
V=10 m?3

. TEILAUFGABE A)
Vas

— 7

Lﬁ-} Vab, m,,

= 4 PUNKTE

ma.b = pl(pz) ' Va,b = Vab =

Mad
7

o’ (p=2)

- 67,382
= Vo = 220

ey =M, =M =p, -V, = p"(p,) - Vi = 3,369%2
sag iy = Q10777
Q'12

—9?

.20 = 67,3842

Qi = (ks —hy) =1 - (h'(p,) —h"(p,)) = 67,3852 - (—37,459 — 363, 75) % = —7,51kW
Il. TEILAUFGABE B)

At =7

= 4 PUNKTE

Zustand 2: vor Storung;

Mges,2x

Mges,2 = pl(pz) : 0)6 -V + p”(pz) ©0,4 - |4

Zustand 2*: nach Storung

= 625, 7’“—93 -0,6-10m3 + 1, 7249’“—93 - 0,4 -10m3 = 3761, 1kg

p'(pz2)-0,1-V +p"(p.)-0,9-V = 625, 7% 0,1-10m3 + 1, 7249% - 0,9 10m3 = 641, 22kg
AM = Myes o — Myes 2 = (3761, 1 — 641,22)kg = 3119, 88kg

_ Am __ 3119,88kg __
é&_ m 67,38% _4-__2_.3_6 h’



Ill. TEILAUFGABE C) = 4 PUNKTE

Fiillstand a = ?

Mges,3 = Myges,ox — pl(p3) -a-V+ p”(p3) . (1 — a) -V

kg
_ Mges,3/V—p"(ps) __ 641,22kg/10m3—4,5531°%F
q = Teess = m3 — 10, 08%
= 8= 0. 7" (ps) (595,3—4,5531) 2% 10,08%4
Qae3 =7
2*3 .
1.HS:

Qarz + Posg = AUy = Uy — Une = [Mp1 5 - ' (Dy) + Mygas 5 - W (D3)] — [Mfr a0 - U (D2) + Mgas ox - w” (p2)]
Pu,=—[p-dV =0
mys s = p'(ps) - 0,1008 - V = 600, 28kyg; Mgas,s = P (P3) - 0,8992 - V = 40, 04kg
Mg = p'(P2) - 0,1V =625,7kg;  Mygasaw = p"(P2) - 0,9V = 15,52kg
J

= Qa3 = [600,28kg - 33,2575 + 40, 94k - 344,564] — (625, 7kg - (—37,55) %, + 15, 52kg - 299, 86]

=52,91MJ

IV. TEILAUFGABE D) = 2 PUNKTE

b, = ?) Mmaz =7?

= p,(t, = —10°C) = 0,015191M Pa

Moz = p'(D,) -V +p"(p,) - (1 —a)-V
=p'(p,) V; mit a = 1 (Fiillstand 100 %)

= 654, 22% -10m3 = 6542, 2kg



Musterlosung Aufgabe 3

I. TEILAUFGABE A)

T,s-Diagramm

300

190 bar

3
800

/

37 bar

700 /

/

7

Temperatur [K]
=)
=]
o

500 /
200

65

T T T T T T
0.0000 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000
Entropie [k/(kg K)]

T
7.0000

Il. TEILAUFGABE B)

P56:mw'(h6_h'5)

aus Tabelle abgelesen: hg(863.15K, 37bar) = 3654, 35 E—"g’
. wtsﬁ o h6 — h’5
T]s,T - -
wt565 hﬁs - h'5
kJ

hes = h’(36sap6) 86s = Sg = 7, 3821 kg K

Dampfgehalt am Punkt 6s
S6s — Ses’ 7 3821 —0, 4763

Ses” — Ses'  8,3939 — 0, 4763
hes = hl, + Tes - (hesn — hes') = 2251, 132 i—;

Tes — =0, 8722

h6 =MNs,T° (hﬁs - hs) + h’5 = 2321,2093 %
= Pge = —79983, 44 kW




I1l. TEILAUFGABE C)

Qzu - ng + Q45

st = (hy — hy) -y, h,(823.15 K, 9o bar) = 3407, 31 E—; (abgelesen)

n o Wti2s - hzs - h‘l _
s,V — - -
W1z hz - h’l

kJ
S2s = S1 = 0,4763 kg K

B, — (15949 155,35
* " \o,4851—0,4716

038 hzs = h'(szs) pz) hl = h/(pl) = 137,77 %;

0,4763 — 0, 4716) + 155, 35) kg = 156,791 7 (interpoliert)
h, = 161,547 i—;

= Qa3 = 602 - (3407, 31 — 161, 547) 3 = 104,75 MW

Qus = M - (hs — Ry hs = 3654, 35 £
Wezy hy —hy kJ

s, T — = =0, h s — h X hy = ) ke
77 T 'wt34s h4s _ h3 o 94 4 (34 p4) 3 3407 31 kg

5,5 = S5 = 6,3732 kgk-JK h,s = 2048, 8241;—; (interpoliert)

h, =2976,333 §;
= Qs = 60 - (3654, 35 — 2976, 333)%; = 40,68 MW

Qzu = 40,68 MW + 194, 75 MW = 235,43 MW

_ |PNutz|
QZU
Py, =1ty - (hy — hy) = 60" - (161,547 — 137, 77) 2 = 1,427 MW

Nth PNutz:P12+P34+P56

Py, = 1y, - (hy — hy) = 60" - (2976, 333 — 3407, 31) |2 = —25,857 MW

Pys = 1y - (R — hg) = 60" - (2321, 293 — 3654, 35)}; = —79,98 MW
= PNutz = —104, 415 MW

Mth = 0, 4435



IV. TEILAUFGABE D)

AE'V = AEng + AEGle

ABgay = Ty - ((hy — ha) — Ta - (55— 52)) 85(823.15 K, 190 bar) = 6,3732 %%
5, =0,491877 27z (interpoliert)

= AEQ23 = 01, 297 MW

AEgic. = e ((hes — hei) — Ta+ (Sea — Sc1))
von G1 nach pp:

C-2;0;17,3 - _QG1,B mw : (hg - h'pp) - _mG ) (h'GB - h’Gl) h'pp - hl(lgo ba'r) = 1776’ 89 11:%

. Ny - (hy — h

mG:—m (g = Pipp) Tep = 20K + T, = 20 K + 634,621 K = 654,621 K
¢ (Tes — Tea)

Te, = 873,15 K hy = 3407,31 5

= The = 389,264 £

. T,
ABgigo =g |6 (Tee —Te:) —Ta-Cp- In <TG )]
G1

von GB nach G2:

Qpp,z = —QGB,Gz = My - (hpp — hga) = —g - ¢+ (Ta. — Ter)
T, = 438,113 K

= AFBg.c, = —104,246 MW

= ABy, = —12,949 MW
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