Musterlosung Aufgabe 1: <ldeales Gas>

I. TEILAUFGABE A)

= 5 PUNKTE
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Il. TEILAUFGABE B) = 2 PUNKTE
ideales Gas: p, - V=m-R-T, = m = Rl-Tl

4—1: isobare Warmezufuhr: p, = p, = 100 kPa

R, 8314472 (73%)

R =

3
)

105 Pa - 10 (

M 2896103 (

%) = 287.1 (ﬁ)
kg

m
kg-K

N 287.1 (i) -350 K

=9.95 (%)



Ill. TEILAUFGABE C) 3 PUNKTE

4——1: isochore Warmezufuhr: Qzu = Qi .

Qu=Q,=m-c-(T.—T,) =T,=T, —

R=c,—c, #c,,-R+cv—2871( )
8- 105(W)
9.95 (ks—g) -1002.1 (ﬁ)

T, = 350(K) —

IV. TEILAUFGABE D) = 4 PUNKTE

2—3: isochore Abkiihlung: p, = p,

3—4: reversibel adiabate Entspannung:

p* T =p,0 T, = <Zp;3> - <
4

V. TEILAUFGABE E) = 3 PUNKT

P=P,—|Pyl=m-c - (T, —T,)—|m c,-

1—2: reversibel adiabate Verdichtung: p,®

1—1.4

N =0.8-103(W) - 1000 =8 - 105 (W)

Qeu

™m- Cp

715 (kgK) = 1002.1 (#)

= 269.78 (K)

ﬂ k R B ﬂ =
T3 p3_p4 T3

(T4 - T3)|

T =p,t N TS T, =T, - (

105(Pa) 4
T, = 350(K) - (1.62 : 105(Pa)> = 402.18 (K)
P,, =9.95 (?9) 1002.1 (kgiK

) - (402.18(K) — 350(K)) = 0.52 (MW)

P, =9.95 (Tg) 1002.1 ( ) (269.78(K) — 310(K)) = —0.4 (MW)

P=o052(MW)—|0.4(MW)|=0.12 (MW)




Musterlosung Aufgabe 2: <Kreisprozess>

I. TEILAUFGABE A) = 5 PUNKTE

7-Abgas,Ein

T as,Aus -
Abgas A . ‘Qabgas
4
Il. TEILAUFGABE B) = 5 PUNKTE
~ . e . o Q41
Q41 = Mfso* Ah'41 =Mrso0* (h’l - h4) = Mrso =
h.—h,

h, = h"(bei 20 bar) = 531.26 (%)

Wiags _ Pys — Py hys — Ry
7 v wt,34 h4 - h’3 ¢ 3 ns,V
h, = h'(bei 1 bar) = —0.87(%)
Sys = S5 = s'(bet 1 bar) = —0.0029(,6’;—_'71{)

h,s = h(20 bar, s,;, homogenes Fluid) = Interpolation:
(6.52 — (—16.13))
(0.0113 — (—0.0647))

2.288 — (—0.87), T

8.25 - 103 (kW
mIso: 2519 ( ) :156 (kg)

(531.26 — 2.845) (%) B

h,s = —16.13 +

- (—0.0029 — (—0.0647)) = 2.288 (%)

h, = —0.87 + (

Q5*,E’in = Q15
Q5*,Ein = mAbga,s * Cp,Abgas * (TAbgas,Ein - T5*)

Q15 - mIso ' (hl - h'5) = mAbgas ' Cp,Abgas : (TAbgas,Ein - T5*) = mIso : (h’l - hs)



mIsa : (h'1 - h5)
Cp,Abga.s : (TAbgas,E'in - T5*)

Tew = Ty + AT = 154.07°C + 10K = 164.07 °C

= ™M Abgas =

hy = h'(bei 20 bar) = 343.52 (%)

15.6(%2) - (531.26(%) — 343.52 ()

™M Abgas = = 43.85 (%)
’ 1.013 ( ) (230°C — 164.07°C)
Ill. TEILAUFGABE C) = 2 PUNKTE
QAbgas - mAbgas * Cp,Abgas * (TAbgas,_Ein - TAbgas,Aus)
Q Avgas 8.25 103 (kW)
= TAbgas,Aus = TAbgas,Ein - A9 = 503, 15K - k5 kJ = 44.27 °C
™M Abgas * Cp,Abgas 43.85(%) - 1.013 <k:gK)

IV. TEILAUFGABE D) = 6 PUNKTE

Nutzen _ |P,|— P,
Aufwand Q Abgas

P12 = mlsa : (hz - h’l)

Nen =

wt,12 _ h'z - h'1
Wiq0s  has—ha

Ns,r = = hz = h1 + Ns,T * (hzs - hl)

S.s = 8, = 8" (bet 20 bar) = 1.3727 (kgK) i hos = h(1 bar, s.,s, homogenes Fluid) = 417.44 (’;—j)
h, = 531.26(57) +0.95 - (417.44 — 531.26)(37) = 423.131(37)
P,, = 15. 6(79) (423.131 — 531.26) = —1686.8 (kW)
Py = o - (hy — hy) = 15.6(%2) - (2.845 — (—0.87)) (&) = 57.954 (kW)
| —1686.8] — 57.954

N = =0.1974 = 19.74%

8.25 - 108
New = ENutzen |PNutz’
EAufwand EQ
. . Tu
EBp=0Q,, (1— %
Q=Qn- (1 Tm)
Ak, (2.845 — (—16.13)) .
Ty = As; s, = —0.0647 + (6.52 — (—16.13)) - (0.0113 — (—0.0647)) = —o0.001 (kgi-‘])
1.26 —2.84
Ty = 2 ° = 384.67 (K)

1.3727 — (—0.001)

nes — | —1686.8| — 57.954
e 298.15(K)
8.25-103(kW)-(1— ———+
384.67(K)

= 0.878 = 87.8%



Musterlosung Aufgabe 3

I. TEILAUFGABE A) = 6 PUNKTE

Massenstrome umrechnen:

thp = 200(%) = 55.556(%2) und my = 8500(%) = 2361.111(*2)

Enthalpie A, berechnen:

hy — B’

hll hl

= h, = (2560.7(%;) — 137.75(%,)) - 0.923 + 137.75(, ) = 2374.133(%;)

T, =

Enthalpie am Austritt des Kondensators:

QWle = _Q12 = mW cCpw AT = _mD(hz - h’l)

~h :T'TLW'C;,,W-AT

+ h, = 237.233(5)

Dampfgehalt z:
h.—h'  237.233(52) — 137.75(%;)
h" —h'  2560.7( kg) —137.75(%7)

Sgl

T, =

= 0.0411

Ta

\/



Il. TEILAUFGABE B) = 4 PUNKTE

Die Flache unter der Kurve stellt die reversible spezifische Warme g¢,., dar, denn g, ey = J"f Tds.

Ill. TEILAUFGABE C) = 5 PUNKTE

Entropien s, und s, berechnen:
s, — s’

T, =
sl —g!

si =, (" — ')+ =0.923- (8.304(£F) — 0.476(E%)) + 0.476(E% = 7.784(E%)
S, =1, (s" —s')+s' =o0.0411 - (8 394(—';{) —o. 476(—}'{)) - 0.476(&—‘;{) = 0.801(&—‘;{)

Exergiestrome E’lz, E’Wle, EW2U:

B, =1hp [(ha—h:) — Ty - (s: —5,)]

By, = 55.556(%) - [(237.233(%) — 2374.133(£2)) — 286.65(K) - (0.801(£%) — 7.784(L%))]
= —7509.011 (kW)

Ty + AT))
Ty

Eyaws = 2361. 111(%2) . (4.19(,0’;“;{) -12(K) — 286.65(K) - 4. 19(—}) In <
= 2417.668(kW)

EW1W2 = mW . (cp,W - AT — TU cCp Wt In (

286.65(K) + 12(K)
286.65(K) ))

. . Ty
EWzU =Mw - Cpw * (—AT — TU -In (M))

By = 2361.111(’%9) . 4.19(,!2—;{) . <—12(K) — 286.65(K) - In <
= —2417.668(kW)

286.65(K)
286.65(K) + 12(K) ))

gesamter Exergieverluststrom E'V,ges:
EV,ges - |E12 + EW1W2 + EW2U|
= |—7509.011 (kW) 4 2417.668 (kW) + —2417.668(kW)| = 7509.011 (kW)
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