Musterlosung Aufgabe 1: <Kompressionskalteprozess>

I. TEILAUFGABE A) = 4 PUNKTE

p2=ps

P1=p4=ps

Il. TEILAUFGABE B) = 5 PUNKTE

P12:m'wt12

. We1z2s - hzs _ h1
W2 = -
5, Ns,v

P = hgo + ¢ (T, = Tyr) = 307,8 () +0,7360 (5 ) - (15— (—10)) K = 326,2 (};)

T,
Sas =8, = 8gn + ASgny, =8+ cp-ln| — | =
! T,

=1 411( )+o 7360( )-ln <222:12> = 1,478 (kgK)

S.s = Son + AS =S, +c ln(T23>:>ln<T25)—szs_82”:>
25 — 92/ 2/l 2s — 92/ D T2” T2// - Cp

Sy — Sy . 1 478 (k K)_l 449 (k: K)

has = hon + Cp - (Tzs —Ton) = =332,4 ( ) +0,8363 (kgK) ’ (40a32 - 30)K = 341,03 (%)
kJ
kg

>-(‘°’41'°3“°9 w21

0,75

T.s =T.n-exp ( ) = 313,47 K = 40,32 °C

P

P, =2,5(%



A
T(C)

Q=2 kW
I1l. TEILAUFGABE C) = 4 PUNKTE

: . . 2,5 (") o
Qszz=m-Ah=m-cp, - AT = ———% 1,127 (kg—K) - (—25K) = —7,044 kW

10
Qs = Q — Qg5 = (2 — (—7,044)) (kW) = 9,044 kW
Qs = - Ahy,
Qs 9,044(kW) kJ
= Ah,, = 25t _ — 36,176 (&
5 m 0,25 (%g) 3 7 ( 9)

hy = h, — Ah,, = 326,2 (’Z—J) — 36,176 (’“J) = 290, 024 (k—J)

kg

hy,=hs=hg —c, - AT, /=232,7(%)—1 127(“) 25K—2o4,525( )

Qou =™ - Ahy =0, 25( )-(290,024(2‘7)—204,525( )):
J

hy —h! 290,024 2—) —189,6 (i“’) B
Ts T hi!'—hl 307,8(’,?3 —189,6(’;5 gl

IV. TEILAUFGABE D) = 1 PUNKTE

Nutzen k- Q. 1021 ,375
ExMm = = =14, 32
Aufwand ~ P, 49,43




Musterlosung Aufgabe 2: <Entsalzungsanlage>

I. TEILAUFGABE B) = 3 PUNKTE

hi+e,1. = 1400kJ/kg(ausDiagramm)

h'1+13,L2 = h‘1+1’7L3 + Az - hy = 130 + (01 5—0, 037) " Cpw * ty = (130 + 67, 8)% =197, 8%

Il. TEILAUFGABE C) = 3 PUNKTE

mwl - Ahy = _mtr : Ahl-’-z,Llsz
. . 1400 — 198 . 6,377 ke - P
= B A . =212"L8 YV =68uL.V
Moy MirL 4,192 - 45 377 - Mty L 0,925 m3 ) 94177,3
MirL, = ﬁ = 1,081% vV
T-R 1 T 308, 15K - 8,314472—2 1 0,0
Uppe = — o () = molK 3T ) =0, 92572
D M, Mp 1,01325bar 28,96 18,015 9
; . 1 ks 1 — kg |y
MW 1,mitHeatpipe — 4 : 6, 894m3 V= 1,724,535 - 4
. . _ _ 0,463kg/kg . kg T
MKond — MirL * AlB = Vit . A:E = W . V = 0,5005m . V
Ill. TEILAUFGABE D) = 4 PUNKTE
Massebilanz: my; = mw, + Amw; wobei : Amy = my,r - Az
Enthalpiebilanz:
HW3—HW4+Q+HL3—HL1 =0
mws - hws —mw, - hw, + Q +my - (h'1+:z:,3 —hiiza) =0
mWs ' hW3 - (mW3 — Az - mt‘rL) : hW4 + mt‘rL : (h1+a:,3 - h1+:c,1) + Q =0
1 . . . . .
h3 = w3 : [(mW3 — My, - Az) - hwy — Mirr, - (h1+:c,3 - h1+:c,1) —Ql; wobei:Q = 3/4 LT FRIVAY, TSN
=1 ;24 - [(1,724 — 0,5005) - 4,192 - 45 — 1,081 - (130 — 1400) — 1,081 - (1400 — 198)]
1:22 1,081
= b2 19245+ (1270 — 2 - 1202) = 365%7

1,724 1,724



365kJ/kg

_OBRIIRG _gr o0 C
4,192k J/kgK [

h3:Cp-tW3%tW3:

IV. TEILAUFGABE E) = 2 PUNKTE

QKollektor = Mw3 - CpAtwaws = 1, 724% -V 4,192 17,074 = 123,4% -V

Q}?ollekto'f _ 123,4 :246,5y
MPest 0, 5005 kg

V. TEILAUFGABE F) = 6 PUNKTE

L1:
ps,z1 = expl11, 93255 — 353,33;(1 14%3052] = 0, 4735bar
PH20,L1 = $YL1 " Ps,L1 = 0,4498bar

PH20,L: Mu0 _ 0,4498 18,015

Tr1 = ( = 07497%

Dges — PH20,1.) ML (1,01325 —0,4498) 28,96

hite,a = (1,004 -80)% + 0,497 - (2500 + 1,86 - 80) %7 = 1395, 757

L2:
0, 148
ps,z2 = ezp[11, 93255 — 308,3?57_ 4‘27 052] = 0, 0564bar
DH20,L2 = L= * PS,L= = 0,0564bar
2y, —  PH20.L Mpue0 _ 0, 0564 18,015 _ 0,036659
(Pges —PH20,L2) M (1,01325 —0,0564) 28,96 g

hite,L: = (1,004 - 35) 35 +0,0366 - (2500 + 1,86 - 35) 47 + (0,497 — 0,0366) - (4, 192 - 35)

kJ

g

= 196,515,



Musterlosung Aufgabe 3: <Verbrennung> = 15 Punkte

U _ _kW-h EW-s _ .o MJ
A% hipro kg = Skgpp — D 3600k9HP o 18k9HP
n m MHP;
HP,i .. HP, M;
VHp; = P ’ mit ngp; = 7 ~ = Vhp;= o :
HP i HP
CHP,i"MHP C
. . . M; HP
mit Mmpp; =(upi-Mup = Vap; = ———— =
Mmygp Mi
Cupc 0:5 bac
_ C _ T'9%kgyp molc .
= VHpC = Mo _ 1298 41,6667 <
molc
_ mol g . _ molo . _ moln, . _ molk
VupH, = 29;89547@}1: » VEpo, = 13,1257~  VHPN, =0,357%,, . i VHPK = 0,2558—@”

Vollstandige Verbrennung der einzelnen Komponenten der Holzpellets:

K+0,5 C+0,75 O, — o,5 K.CO,

Fiir die Umwandlung von o, 2558% K zu (0, 2558 2K . o, 5 KaC0s — o 1279%) K.,CO, wird

kng molK P
molk | molc __ molgc molk . molo, __ molo, ps
(o, 2558755 + 0,509 =0, 1279—kgHP) C und (0,2558—kgHP 0, 75 mor> = 0, 1919722 ) O, benétigt.

Das iibrige C reagiert zu CO.:

molc
kgup

molc
kgup

Vkppc = Vupc — 0,1279 = 41,5388
vkgpc = 41,5388: C+ 0, — CO,
VepH, = 20, 8954 . Hz + 0,5 Oz — Hzo
Vupo, = 13,125: O, — O,

vupn, = 0,357: N, — N,

Es verbrennen C, K und H,. Hierfiir wird O, benétigt:

= O,y = (41,5388 + 29,8954 - 0,5+ 0,2558 - 0, 75) O> = 56,6784 O,
In den Holzpellets befindet sich bereits O,:

= O, pp =13,125 O,

Das fehlende O, wird durch O, ; aus der Luft geliefert:

= O,v=0,up+0.1; = 0,1, =0,y —0,up =43,5534 O,
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= (41,5388 [Verbrennung von C zu CO,]+ o0, 1279 [Verbrennung von C und K zu K,CO,]) C +
29,8954 H, + (13,125 [Holzpellets] + 43,5534 [Luft]) O, + 0,357 N, +0,2558 K
— 41,5388 CO, + 29,8954 H,O + 0,357 N, +0,1279 K,CO,

79molN2
_ molo, = ! moly, __ moln,
NoL = 43,5534 %5, o oy molos 163, 8437 %gnr
' molp,

= 41,6667 C+29, 8954 H,+(13, 125[HP]+43,5534[L]) O,+ (o0, 357[H P]+163,8437[L]) N,+0,2558 K
— 41,5388 CO, + 29,8954 H,O + (0, 357[HP] + 163,8437(L]) N, +0,1279 K,CO,

I. TEILAUFGABE A) = 3 PUNKTE

geSU.Cht: ¢HP,'£; AUh[p'r'o mol]

" . NHP; _ VHpi: Mmyp _ Vmpi- Mup _ Vmpi- Mmpp _ VEp;
HPi = — = ; = - = : =
' Nep X(nup;) X(vupi - myp) X(vapi) -mup  Z(vup;)

2(vup;) = Vupc + VupH, + VHPO, + VHPN, + VEPK

mo molk

kgup

l lo, molp,
HP kgup +0,357 kgmp +0,2558

= Z(vmp;) = 41,666772C + 29,8954 > + 13,125

= Z(vups) = 85,2999 %o kr

molc
Vgpc 41’6667k9HP J
= Yupc = = = s = 0,4885 7%
"PC T Zlvmp:)  85,29007%E tup

- moly . - molo . . moly. . o mol g
YupH, = 0,3505 51 p Yupo, =0, 1539 moipp YupN, = 0,0042, 77 % | Yupx = 0,003, 0irm

MJ
AUR 18
AUh’[prO mol] = pro kg) = kg}i:oal = 211, 02027711(\7{1‘5}3
Z(vup:) 85,2009 212

Il. TEILAUFGABE B) = 2 PUNKTE

A=1,2

= 41,6667 C+29,8954 H.+ (13, 125[HP]+1,2-43,5534[L]) O,+ (0, 357[HP]+1,2-163,8437[L]) N,+
0,2558 K

— 41,5388 CO, + 29,8954 H,O + (0,357[HP] + 1,2 163,8437(L]) N, +0,1279 K,CO,

+((1,2 —1) - 43,5534[L]) O,
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= 41,6667 C+29, 8954 H,+(13, 125[H P]+52,2641[L]) O,+ (o0, 357[H P]+196, 6124[L]) N,+o0,2558 K
— 41,5388 CO, + 29,8954 H,O + 196,9694 N, + 0,1279 K,CO, + 8, 7107 O,

ablesen:

molg, molo, molp,

Edukte: vo = 41,666712° ; vk, = 20,8054, 2> ; Vo, = 13,1257, %> ; VN, = 0,357 ;

mol g molo2 'rrl.olN2

Vk = 0,25587 7% | Vo, pupe = 52,26417

y UNapupe = = 196, 6124

mol mol 5
Produkte: voo, = 41,5388"0°% ; Vmo = 20,80547%0 ; Vpomasche = 0,12797 fic
mol mol
VOg,Rgst 8 7107 02 l VNz,Rest 196 9694 kgHA;:
Vaag,

Abgase: Yugi= =——""—

* Z(Vac,)
X (Vac) = Vac,co, + Vag,g.0 + Vac,n, + Vac,k.co, + Vac,0.

mo mo. mo mo molx,

= 5(vags) = 41,53887559% + 29,8954 72522 + 8, 71077222 + 106, 9694122 + 0, 1279zt

molag
kgup

= E(VAG,i) = 277,2422

molco
v 41,5388 "% mo mo

= Yag,co. = Z?lc/;,co) - 2@;3;; = 0,1498 m,,lli?; ; YacH,0 =0, 1078#"5

AGy ! kgup

Yag,n, =0, 7105,7:5;1; ; Yae,k,co, =0 0005% ; Yag,0, = 0,031 4::2;2;

Ill. TEILAUFGABE C) = 3 PUNKTE
gesucht: £,,4z
(Edukte,to) A (Produkte,tg)
cCl |y B
(Edukte, te;y) = (Produkte, t,qz)
B = E(VPz Cpi ’tmam : ( maz _t@) + To,i) ’ Tos =0

B
= toas = - +to mit: e = 25°C

E(”Pz cp, ’ maz)

A+B=C+D = B=C+D-A
A:ARh@[pro kgl
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ARhopro kg = —AVRipro kg = —18 4L = A= —184]

kgup kgup

C= E(VEz Cp1|tem : ( ewn _t@) +To,i) mit: (tem t@) =0 K = C=o

kgHP
D= Afh  AFh=og - (maximale Temperatur = adiabater Brenner)
— J MJ
= D_OkgHP = B_18k9HP
B
VP,C'Oz ' Cp,COQ|t@ + Vp \H,0 -~ CP,Hz ’t@ + Vp N> ° CP,Nzyt@ + V-P O: ° CPyOJ
MJ
! kgup [¢} e}
= tmae = kJ + 25 C= 1749, 5674 C

10,4374 400K
IV. TEILAUFGABE D) = 4 PUNKTE
gesucht: A x® h  mit £ap05 = 110°C
(Edukte,to) Ay (Produkte,tg)

cl | Bx
(Edukte, t.;y) 25 (Produkte, t,mqs)

A xR h = Dx
A+Bx=C+Dx =Dx=A+Bx—--C

Bx = Z(Vpi - €,il;2°°C - (110°C — to) + 7o)
Annahme: Enthalpie der Asche wird vernachlassigt

oc oc c oc
= Bx = (Vpco, ' Cpco,lir’ © +Vp .0 Cp a0l © + VPN, cp,N2|110 +Vpo,  Cpo.lia" ) -

Bx =g, 1926kg — - (110°C — 25°C) = 781, 3698~

kQHP

= Dx=—17,2186~ = Ax"h=—17,2186; "

koup

+to

(110°C —tp)
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