Musterlosung Aufgabe 1: <ideales Gas>

I. TEILAUFGABE A) = 1 PUNKT

Verdichter . Mre Katalysator wuU

1 2 Mgg, 4 - T
’_'_< >_“F_*’_ £ 72
Ly :

VP,

b O1

[ o))

W2 "
Qs

Il. TEILAUFGABE B) 3 PUNKTE

P=Ps=p,

P=Ps=Ps

Ill. TEILAUFGABE C) = 3 PUNKTE

p, =1 bar, t, = 350°C
p., = 1.3 bar, t, = 390°C

1—2: polytrope Zustandsaenderung: p - v = const.

1 1
= n= — +273.1 = 1'3108

In(p./p,) * In(1.3/1)
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_n-R-T, ((m)n@l )
wt,12_7' —_ —1
n—1 2

‘r ¢, _ 0.95 .
= c, =2 =" =0.6786 ;I

Cy = K 1.4 7 kg
R=c,—c, = (0.95— 0.6786),0%{ = 0.271 k;ciJK

1.3108—1
1.3108 - 0.271 - (350 + 273.15) 1.3\ t.3108 "y
e — 1| =45714 3

W12 =
’ 1.3108 — 1 1 kg

P, =mgeg, - Wt,12 = 35%‘] : 45714% =1.6 MW

IV. TEILAUFGABE D) = 2 PUNKTE

n-R 1.3108 - 0.271
)'(Tz_Tl):(0-95_ ) !
n—1 1.3108 —1

e " (390 —350)K = —7.7 §

qi> = (cp -
C?12 = MRG: " G1z = 35% : (_77 %) = —270 kW

V. TEILAUFGABE E) = 2 PUNKTE

B+ H, — B,
mRGl : hz + mRGz ’ h3 = (mRGl + mRGz) ) h4
mRGl -cp-T2+7'nRG2-cp-T3 :ngl 'Cp'T4+mRG2'Cp-T4

- mRGl *Cp (T4 - Tz) o mRGl : (T4 _Tz) _ 35" (300 _ 390)

= Mpgs = = kg
RG ¢ (T3 —T,) (T, —T,) 230 — 300

=45

VI. TEILAUFGABE F) = 3 PUNKTE

E45 = Mges. - [Ahyg — Ta - As ]
Ahy =c¢p - (Ty = T,) = 0-95,!%{ - (330 — 300) K = 28.5 %
_dh—wvdp dh— RTdp/p

ds
T T
T, D
= As=c¢,-In(=2)— R-In(>2)
i T, b,
330 +273.15 1 kJ kJ
= |0.95-1 —o0.271-In(—)| =z = 0. T
0.95 n(3oo+273_l5) 0.271 n(l.g) oK = 011057 3%

= E'45 = (35 + 45) - [28.5 — 283.15 - 0.11957] = —428 kW
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VIl. TEILAUFGABE G) = 5 PUNKTE

Qw!| = 1Qrc bl
QRG,ab = MEG ges * Cp,rG * (Te — T%)

Qw = My - w - (Twa — Tw.)

. - mRG,ges . cp,RG : (Tﬁ - Ts) o 80 - 0.95 (120 - 330) o kg
= Mw = —cpw - (Tws—Tw.) —4.18- (100 —60) 9545 7
Ey = |AEgg| — |AEw|
Erg = Trg - [Ahg — Ty - Asgg]
. , T
Erc =Mpg - Cpre- (Te — Ty — T, - 111(?6))
5
=80-0.95 (120 — 330 — 283.15 - ln(w)) =—6.75 MW
330 +273.15
Ew =ty - [Ahy — Ty - Asyy]
. . T s
Ew =mw - cpw - (Twz — Tw,, — T, - In( W2y)
W,
= 05.45 - 4.18 - (100 — 60 — 283.15 - ln(w)) =3.15 MW

60 + 273.15

= E‘V =6.75 —3.15 = 3.6 MW



Musterlosung Aufgabe 2: <Kreisprozess>

I. TEILAUFGABE A) = 5 PUNKTE

600 3 1000
° 2 3
500 N 190 bar
| 100 43
400 I | ar
J
8} @
°_ 300 { 41 < 107
has 4s : a
200 | . ]
|
100 A
1,2 1 ;
R 0.07 bar
0 T Bs 6 o ; ; : — N
0 2 4 6 8 0.001 0.01 0.1 1 10
s v

Il. TEILAUFGABE B) 5 PUNKTE

P, =m-(h,—hy) , Pg=r1n-(hg—hy)

Zustand 4: p, = 43 bar, t, = 331°C

5 — ) kJ
Interpolation: h, = 3021.0 + 30475 30210 (331 — 325) = 3036.9 —
Ly 335 — 325 kg
=h, — hyn =896.4 —
quH 3 90.4 kg
kJ kJ
h2// = h”(lgo ba,’r) = 24668 E = h3 =quyg + h2/I = 8964 + 24668 = 33632 k;ig
kJ
= P,, =120kg/s-(3036.9— 3363.2)E = —39.156 MW
kJ
hs = h(43 bar,535°C) = 3523.1 o
kJ
he =h'+zg- (h" —h') =163.35 + 0,95 - (2571.7 — 163.35) = 2451.28 E

kJ
= Py =120 kg/s- (2451.28 — 3523.1)k— = —128.618 MW
g
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Ill. TEILAUFGABE C) = 3 PUNKTE

_ Nutzen _ |P,, + Pyl
Aufwand st + Q45

P,,=m-(h,—h,) =0 (Antriebsleistung der Kesselspeisepumpe soll vernachldssigt werden)

Nth

kJ
= h, = h, = h'(0.07 bar) = 163.35 k7

st =m- (h; —h,) =120 kg/s - (3363.2 — 163.35) = 383.982 MW

Q45 =m - (hy —h,) =120 kg/s - (3523.1 — 3036.9) = 58.344 MW
| —128.618 + (—39.156)|
383.982 4+ 58.344

Neh =0.379 =38 %

IV. TEILAUFGABE D) = 2 PUNKTE

_ Nutzen  |P,, + Pyl
ex = Aufwand Egas + Boys
. T, . . Ah
Est =(1— Ti) Q23 mit T o5 = ==
m,23 23

s, = s(h = 163.35 %, p = 190 bar)

) 0.5252 — 0.486
Interpolation: s, = 0.4867 + 525 40T (163.35 — 160) = 0.4975 k’“—';(
171.9 — 160 g

s, = s(h = 3363.2 %, p = 190 bar)
6.3374 — 6.3006
3378.0 —3348.3

Interpolation: s, = 6.3006 + - (3363.2 — 3348.3) = 6.319 kl_%{

_3363.2 —163.35

T = = 549.66 K
® 6.319 —0.4975
: 203.15
E, =(1— .282.982 = 179.193 MW
9., = (1 549_66) 383.982 = 179.193
: T, : , Ah,,
EQ45 - (1 - Tm,45) ) Q45 mit Tm,45 = F%

6.4793 — 6.4353

Interpolation: s, = s(43 bar, 331°C) = 6.4353 + - (331 — 325) = 6.4617 k’%{

335 — 325
sg = s(43 bar, 535°C) = 7.1572 WK
s = B aaery ~ 090985 K
By, = (1 6299;:655) -58.344 = 33.88 MW
New = | —128.618 —39.156/ _ 0,787 — 78.7%

179.193 + 33.88



Musterlosung Aufgabe 3:

I. TEILAUFGABE A) = 2 PUNKTE

w’ = 0.9 (Fliissigkeitsvolumenanteil) = w” = 1 — w’ = 0.1 (Dampfvolumenanteil)

p—p' —
w”: pll_pl = - —
1 1 1

1 1

1 kg
=o0.1-( — )+ = 692.532 —
0.44646 0.0013 0.0013 m3

Mges = P -V = 692.532 - 0.4 = 277.013 kg

Il. TEILAUFGABE B) = 2 PUNKTE

F
Ap="- mit F=g- Ap =
p ml gm = Ap="y A A

A
D=0, +Ap=p,+g-p-h

=1 bar + 1/0,0013(%) -9.81(%) - 2 m = 115092 Pa = 1.15092 bar

I1l. TEILAUFGABE C) = 3 PUNKTE

m, =m, — Am = 276.013 kg

m3
Uz = —— = 0.001449 37
meo

v" Zustand 2: interpolieren bei p, = 1.15092 bar — v) = 0.38362 ‘f:—gs
v, — v’

T, =— . = 0.00039028
v’ —v

m! =m,- -z, =o0.10772 kg
1/p, — v’ 654.182 — 0.

_ /p.—v _ 1/654.182 — 0.0013 — 0.00032343
V" —v! 0.44646 — 0.0013

m! =m, -z, = 0.08959 kg

Ty

AmVerd.lz =m, —m, = 0.001813 kg

IV. TEILAUFGABE D) = 5 PUNKTE

Entnahme bis nur noch Gas vorhanden

PnachBEntn. = L 26068 2 (bei geringerer Dichte wére Druck zu klein)
v}  0.38362 m3
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Mentn. = mges. — PrachEntn. * thes. = 277.013 — 2.6068 - 0.4 = 275.970 kg
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