Musterlosung Aufgabe 1: <Kdltemaschine>

I. TEILAUFGABE A) = 2 PUNKTE

)]

¢ . N
Q.

Il. TEILAUFGABE B) = 4 PUNKTE

Ps=Ps

?Q.12

Ps=p.

P+=P,

'

Ill. TEILAUFGABE C) = 2 PUNKTE
le
h'z - h'1

kJ
h, = h(—20°C, 1.42 bar) = 565.15 (@)
kJ
h, = he = h'(50°C) = 334.29 (E)
. 80 kW kg
My = T = 0.346 .

(565.15 — 334-29),7
g

le =gy - (ha—h,) = Mgy =
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IV. TEILAUFGABE D) = 2 PUNKTE

h, —h, _ 334.29 —106.93

h, = h! .- (b —h! L= = 0.528
o) = i —hl  537.19—106.93 O ¢
1 1 1 1 1 1 1 m3
—=—+4z,- (= ——=)= +0.5284 - (— — ) = 0.16488 —
P Pl ey pi 600.52 3.22 600.52 kg
S p= 6065 2
= 0.16488 5 ma

V. TEILAUFGABE E) = 3 PUNKTE

D. = 1.42 bar, p, = 20.54 bar, p, = p,

Py _ P
p—f’:p—?’ = Dy P3 = D5 P> = Dy =P3 = /D5 - P> = /1.42 - 20.54 = 5.4 bar
4 2

S, =8, =2 SE
3 7 Y2 — '594 kgK

Interpolation:

636.65 — 621. kJ
2557 02149 (2.5948 — 2.55) = 635.07 —
2.6 — 2.55 kg

hy = 621.49 +
kJ
Zustand 4: p, = 5.4 bar, t, = 20°C, h, = 612.43 E

: . kg kJ
Q34 = Mkum - (hy —hy) =0.346 o (612.43 — 635.07)k—g =—7.8 kW

VI. TEILAUFGABE F) = 2 PUNKTE

ExM = QO — Qo _
PAntr. mKM' (hg_h2)+mKM (h5_h4)
80 kW _ 16
kg kJ
0.346 o (635.07 — 565.15 + 686.35 — 612.43)5
VIl. TEILAUFGABE G) = 3 PUNKTE
T .
By g, @
«“ qu mKM' (h3_h2)+mKM (h5_h’4)
Ah,, h,—h, 65.15 — .
T, .. — _ _ 505.15 — 33429 _ 234.96 K
' As,, S, — 8, 2.5048 — 1.61
. =0.6 5284 - (2.48 —0.64) = 1.6
S, =0.64 +0.5284 - (2.48 —0.64) =1 1kgK
293.1
1— 293 2) - (80 kW)
Nez. = 349 kT = 0.4

kg
0.346 - (635.07 — 565.15 + 686.35 — 612.43)5



Musterlosung Aufgabe 2:

I. TEILAUFGABE B) = 3 PUNKTE

. 3 8 3 3
.V:.I. L= 180 ﬁ — 150 E = 0.05 ﬁ
' h 3600 s s
6
pges 0.1-10° Pa ]{:g
pL = = PL= =1,03 —
R, T 8.314472 3
LooL —S"=22 (65 + 273.15) m
0.02896

m3

. k k
mr = pr - VoL =1,03 Wi $0.05—~ = 0.0515 ?g

Il. TEILAUFGABE C) = 4 PUNKTE

_Qab - mL* : (h‘1+a:,2* - h1+a:,1*)
Qzu = mL : (h1+:c,4 - h1+$,3)

mL : (h1+m,4 - h1+:c,3)

h1+:c,2* - h1+m,1*

mL* = —

Rivgg—Rites =Cor -ty +Ts (Tot+Cpp-ty) —Cpr-ts—Zy (TotCpp-ty) =Cpr-(ty—1t3) +2T4-Cpp-(t,—15)

3964.8072
(10 + 232.8977)

ps(10°C) = ezxp <18.8314 — > = 12.2859 mbar

kg

18,015 0.5 - 0.00122859 M Pa B
= . = 3.8449- 10738 @

T, =T, =
: 3 28,06 0.1 M Pa—o0.5-0.00122859 M Pa

kJ
=  hijzy —hijzy =1.007-(60—10) K 4 3.8449-10%-1.86- (60 —10) K = 50.7076 g

h1+z,2* - h1+a:,1* - Cp,L ' tz* + xs,z* ' (To + Cp,D ' tz*) + (xz* - ms,z*) ' Cp,W ' tz* - Cp,L : tl — Ty (7'0 + Cp,D ' t1)

3964.8072
ps(65°C) = exp <18.8314 — > = 250.1621 mbar = 0.025 M Pa
(65 + 232.8977)
8 . MP k
_ 18,015 0.025 MPa —o.2074 2 — ..

28,96 0.1 MPa—o0.025 MPa kg

3964.8072
(20 + 232.8977

ps(20°C) = exp <18.8314 — )> = 23.4269 mbar

_ 18,015 0.00234269 M Pa ~ o k
28,06 0.1 MPa—0.00234269 MPa
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= Riigor — Riyes+ = 1.007 - 20 + 0.0149 - (2500 + 1.86 - 20) + (0.2074 — 0.0149) - 4.19 - 20 — 1.007 -

kJ
65 — 0.2074 - (2500 + 1.86 - 65) = 20.14 + 37.8043 + 16.1315 — 65.455 — 542.5263 = —533.9055 —

kg
kg kJ
0.0515 — - 50.7076 —
mps = — 5 k:g: 812-10*3@
L kJ 4,09 s
—533-9055 %a
g
pp = Poes 4 o kg
Lx RL ] TL ) 3
. 7« 3
Vie = T2 — 47487 1078 T
Li* S
Ill. TEILAUFGABE D) = 2 PUNKTE
. . k k
myg = Az - M = (0.2074 —0.0149) - 4,8912 - 103 &9 _ 0.9416 - 1073 il
S s
IV. TEILAUFGABE E) = 4 PUNKTE
H5+Qp+HW:QV+H1
h'1+:c,5 “my + Qp =+ mW *Cpw tw = QV + h1+m,1 -my,
Wasserbilanz: my, + T - mp =T, - my,
N —Mwp + T, My _ 0.2074 - 0.0515 — 5.5556 - 1074 ~ 0.1966 kg
mr 0.0515 kg
kJ
hiiz, = 1.007 - 65 4 0.2074 - (2500 + 1.86 - 65) = 609.0297 Ta
g
800 W — 300 W + 609, 0297 - 0.0515 - 108 — 5.5556 - 10 ¢ - 4.19 - 103 - J
Poiog = 3 9, 0297 515 5-555 9 35 _ 617156, 4403 —
0.0515 kg

Ritzg = 1.007 -t + T - (2500 + 1.86 - £;)

- hiizy — Ty - 2500 _ 617156, 4403 — 2500 - 0.1966 - 103 _ 91, 5412°C
1.007 + T - 1.86 (1.007 + 1.86 - 0.1966) - 103




Musterlosung Aufgabe 3: <Verbrennungs> = 15 Punkte

I. TEILAUFGABE A) = 3 PUNKTE

Ideales Gas; A = 1,2; tein = 25 °C; tapgas = 350 °C
Vollstandige Verbrennung der einzelnen Komponenten der Gasmischung:
Yeu, =0,5: CH,+20, — CO,+2 H,0
Yeco. =0,42: CO, — CO,
YH20 = 0,045 H,O — H,0
Yy, =0,02: N, — N,
Yo, =0,01: O, — O,
YHas = 0,005 : H, S+ 1,5 O, — H,O+ SO,
Es verbrennen CH, und H,S. Hierfiir wird O, benétigt:
=> O,v =(0,5-240,005"1,5) O, =1,0075 O,
In der Gasmischung befindet sich bereits O.:
=> O,em = 0,01 O,
Das fehlende O, wird durch O, ; aus der Umgebung geliefert:
=> O,v =0.6m +0,

<=> 0,1 =0,y —O,eu =0,9975 O,

=> 0,5 CH, +0,42 CO, + 0,045 H,O + 0,02 N, + 0,005 H,S + (0,01 [BS] +0,9975 [L]) O,
— (0,54 0,42) CO, + (0,5 2+ 0,045 + 0,005) H,O + 0,02 N, + 0,005 SO,
A=1,2:
=> 0,5 CH, +0,42 CO, + 0,045 H,O + 0,02 N, + 0,005 H,S + (0,01 [BS] +1,2-0,9975 [L]) O,
— 0,92 CO, + 1,05 H,O + 0,02 N, + 0,005 SO, + ((1,2—1) - 0,9975) O
0,79 T:jlj\f moly,

. . molo, . _ moln,
Nz,L =1,2-0,99075 molgg 0. 21 molo, 4,503 molgs
)

moly,
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=> 0,5 CH, +0,42 CO, + 0,045 H,O + (0,02 [BS] + 4,503 [L]) N, + 0,005 H,S
+(0,01 [BS] 4+ 1,197 [L]) O,
— 0,92 CO, + 1,05 H,O + (0,02 [AG] + 4,503 [L]) N, + 0,005 SO, + 0,1995 O,

=> 0,5 CH, +0,42 CO, + 0,045 H,O + 4,523 N, + 0,005 H,S + (0,01 [BS] + 1,197 [L]) O,

— 0,92 CO, + 1,05 H,O + 4,523 N, + 0,005 SO, + 0,1995 O,

ARhg = —(0,5- (—74,8) 4+ 0,005 - (—20,1) + 0,42 - (—393,5) + 0,045 - (—241,8)) + (0,92 - (—393,5)

kJ kJ kJ
+1,05 - (—241, 8) + 0,005 - (—296,8)) = 213,6515 — + | —617,394 —— | = —403,7425 —
mol mol mol

kJ

A%hg = —A"hg = 403, 7425

Il. TEILAUFGABE B) = 2 PUNKTE

mol O,
L. . = Oz,min — L, 197 ol B?S' =5 7m0l LUft
min T - mol O, ~ N
0,21 0,21 70 mol BS

Ill. TEILAUFGABE C) = 3 PUNKTE

¢ o VO;,Abgas
O,,Abgas —
g Z Vi,Abgas
7z = 0,92 + 1,05 + 0, 1995 + 4, 523 + 0,005 = 6,6 mol Abgas
1,Abgas — 9 » 05 lo; 995 4,523 ) 5 =0,0975 mol BS
0,1995 1ol 5§ mol O,
= Yo, 4bgas = —mol PS5~ — 0,0298
I 6,6075 MoLAbdas mol Abgas

IV. TEILAUFGABE D) = 4 PUNKTE

Nutzbarer Warmestrom:

Q =n- (ARh@ + Z(VProd.i " Cp,Prod.,i * (TAbgas - T@)))

> (Vi-cpy) =216,2061 bezogen auf ein Mol Biogas zwischen 25°C und 350°C

mol -
m3
. 1% 400 h mol
n:T:—m324’9572 T
N 22,414
kmol

= @ = —1653,1048 kW
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V. TEILAUFGABE E) = 3 PUNKTE

gesucht: Qx,,

Q*ap = PaG - Cp, AG|tAbgas - (t2 — tabgas)
t, = 180 °C

: — - _ mol
MAG = D_ Vi Abgas * TBS = 33,2008 M2AC

tAbgu,s 350 _ 350
Cp,acl, ** = ¢paclide = X(Yac,i - Cpilizo)
_ Ypi
Vag; = ——
Yac
y 0 9 molco,
_ _ YPCO. __ ? molps molco,
=> ¢AG,COz - - 6 6 molag =0,1374 molag
Yac 975 molpg
molyg.,o
=> 1//AG H,0 = 0,1568 mol,:g
_ _ mol .
=> Yacn, =0,6753 7,2
o o molgso.
=> ’(/)A(;,so2 = 0, 0007 7molAG2
_ _ molo.
=> a¢,0, = 0,0298 ol
o 180
350 Cp,i|25 (350 - 25) — Cpyi 25 (180 - 25)
1180 —
p,t1180 (350—180) .
) 180
¢ a0 Cp,c0,l3%° - (350 — 25) — ¢pco,li’ - (180 —25) 6ro1 J
= p,C021180 — (350 —_ 180) = 45,059 molco, K
_ 350 __ J
=> Cp,H,0l180 = 35 6505 molp, oK
350 __ J
=> Cp,N,l180 = 29, 7831 moly, K
_ 350 __ J
=> €p,50,1180 = 47,4932 molso, K

=> ¢;,0,%0 = 31,4756 0%

=> Cpaclise =0,1374
+ 0,6753
+ 0,0298

=> Qx, = —185,959 kW

molco,

molax

molp,

molag

molo,
mol ac

45,6501 5t +0,1568 120 - 35,6505 L
- 29, 7831 m + 0, 0007 Zoolfi 47,4932 m
©31,4756 ook = 32,9473 ok
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