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Beke Péter

A FELADAT KIiRASA

A megadott allapothatdrozok alapjan dbrazolja a Rankine-Clausius korfolyamatot h - s
fazisvaltozasi diagramban! A korfolyamat termikus hatdsfokat befolyasold tényezdék
valtoztatasaval épitse fel 11, = f (Pro, Prar t) €sa dy = f(Pror Pra, t)flggvényt!

1. Epitse fel a vizgéz h — s, T — s fazisvaltozasi diagramjat a tablazatbdl vett adatok
segitségével!

2. Abrazolja a megszerkesztett diagramon a kérfolyamatot!

3. Hatarozza meg az allapotpontok p, v, t, u, s, h allapotjelzGit! A kapott adatokat foglalja
tablazatba!

4. Hatdrozza meg az egyes allapotvaltozasokra a Au, As, Ah, g és w értékeket! Az adatokat
foglalja tablazatba!

5. Hatarozza meg a termikus hatdsfok (n) és a g6zfogyasztas (d) értékeit!

6. A korfolyamat a tablazat szerint adott jellemz6jének megvaltoztatasaval ismételje meg a
feladat 1 — 5. pontjait! Az igy meghatarozott harom, kilonbozékorfolyamat segitségével
épitse fel a feladatban megadott fliggvényeket!

A MEGOLDANDO FELADAT

A feladat kiirds 4. vridnsanak megadott adatai:

Pka1 Pko1 t Pka2 Pko2 t; Pka3s Pko3 ts

[bar] [bar] [C°] [bar] [bar] [C] [bar] [bar] [C]

25,0 2,5 340 - 1,5 - - 0,50 -
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A FEJADAT MEGOLDASA

1. FELADAT

A dokumentum végén mellékletben.

2. FELADAT

A dokumentum végén mellékletben.

3. FELADAT

1 dllapotpont

Uy =hy —p;-

=3076,7 kJ -

vy; hy; 1 = f (Pra, tr) = tablazatbol

v, =3103,6 k] - kg~* — 0,25 kJ - (m3)~1 - 0,1076 m? - kg~?
kg1

[bar]

t v h S u

[°cl [m*- kg™] kJ- kg [k)- kg™ K] [k kg™']

25

340 0,1076 3103,6 6,8044 3076,7

2 allapotpont

P2 = Pko
t, =ty = f(pko) = tablazatbol

7 "

! . "o, . . ! . " — 7 /e ’
Vpkos Vpkos Moyt Mory Stigt St —f(pko): tablazatbol

Szeged, 2013. majus 1. Oldal
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V2 = v;’ko + (vlglko - v;’ko) TXp =
=0,0010675m3 - kg~* + (0,7188 m3 - kg~! — 0,0010675 m3 - kg~1) - 0,9541 =
=0,6859m3 - kg~?!
Slpka = SZPko
S>
S, = spko+(spk —spk)-x =>X = (s p )
Pko Pko
r S, Spk _ 6,8044 k] - kg™t - K1 —1,6072k] - kg™ K1 — 0.9541
(sy.. —sp.) 7.0540k]-kg='-K~' —1,6072k] -kg='- K~} ’
h2 = h{g + (hpko - h1,9ko) ’ xl =
=535,35k] - kg™t + (27172 k] - kg™t — 535,35 k] - kg™') - 09541 k] - kg™ =
=2617,0531kJ - kg~
U, = h, —p, - v, =2617,053kJ - kg™t — 0,025 kJ - (m3)~1-0,6859m3 - kg™! =
=2599,906 k] - kg~
p t v h s u
[bar] [°C] [m*- kg™] [k)- kg™] [k)- kg™ K] [k)- kg™]
2,5 127,43 0,6859 2617,053 6,8044 2599,906
2’ allapotpont
Dy = P2 = Pko
by =1t =ty
Uy = v,pko
h' = h'pko

Sy = Spko

Szeged, 2013. majus 1. Oldal
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Vpios M5 Sy, = f(py,) = tablazatbol

Uy = hyr —pyr - vy =53535k] - kg™ — 0,025 kJ - (m3)~1 - 0,0010675 m3 - kg1 =
= 535,323 kJ - kg!

p t v h S u
[bar] [°C] [m?- kg™ [k)- kg] [k)- kg™ K" [k)- kg™]
2,5 127,43 0,0010675 535,35 1,6072 535,323
3 dllapotpont
P3 = Pka
S3 — 52’
hs1 =y

S31 = Sy = x = 1,6072
x; = 1,5252
x, = 1,6319
y1 = 505,5
vy = 548,0

+(x—x1)-(y2—y1)_
Xy — Xq B

y=»

_pss, (L6072 ~15252) (5480 -5055) _ o
=0 16319 — 1,5252 = 505,49 k] - kg

p s h
[bar] [k)- kgt -K™] [kJ- kg™
2,5 1,6072 538,101

Szeged, 2013. majus 1. Oldal
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3’ allapotponat

P3’ = Pka

Uy = tgq

Vg = v’pka

h3’ = h;?ka

Szl = Sll?ka

Vpeis My i Sy = f(p,,) = tablazatbol
Ugr = hyr —Pgyr -3 = 961,95 k] - kg™ — 0,25 kJ - (m3)71.0,0011972m3 - kg™ =
=961,651kJ - kg~
p t v h s u
[bar] [°C] [m®- kg™l [k)- kg™ [k)- kg™ -K™] [k)- kg™
25 223,94 0,0011972 961,95 2,5543 961,651
4 allapotponta
P4 = D3’ = Pka
ty =tgr =tgq
v hy i sy = f(p,,)= tablazatbol

Vy = 1anka

h'4' = h'gka
Szeged, 2013. majus 1. Oldal
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54 = Slg,ka
Uy = hy —py - v, =28008k] - kg™t —0,25kJ - (m3)~1-0,07990 m3 - kg™ =
=2780,825kJ - kg~
p t v h S u
[bar] [°c] [m®- k] [kJ- kg™] [k)- kg™ K] [k)- kg™]
25 223,94 0,07990 2800,8 6,2536 2780,825

4. FELADAT

Auyy = u; —uy = 2599,906 kJ - kg~ —3076,7k] - kg™* = —476,794 kJ - kg ™!
Auy,r = uy —u, = 535323 k/ - kg™ — 2599,906 k] - kg™* = —2065,58 kJ - kg™?
Augr, = uy —uy = 2780,825kJ - kg™ — 961,651 kJ - kg™* = 1819,174 kJ - kg™!
Auyy = uy —uy = 3076,7kJ - kg™' — 2780,825 k] - kg~' = 295,875 k] - kg1

As;; = s, —5; = 68044 k] - kg™ - K1 —68044k] kg™ -K*=0kJ kg™ K1
Asyyr =5y —s, = 1,6072k] kg™ - K> —6,8044 k] - kg™t - K~' =

=—5,1972kJ - kg™'-K!

Asyiy = 53— 5y =1,6072k] kg™ - K™* —1,6072k] kgt K1 =0kJ -kg ! K1
Asyyr =Sy —s3 = 2,5543 k] kg ' -K™* —1,6072k] - kg™ -K™! =

=0,947kJ - kg™t - K™

Asyr, =S4, — Sy = 6,2536k] kg™ - K™ — 25543 k] - kg™t -K™! =

=3,6993kJ - kg™!-K!

Asyy = s, — 5, =—6,8044 k] - kg™ - K1 —6,2536k] - kg™ - K™ =

=0,5508 kg~ ! K1

Ahy, = hy —hy = 2617,0531kJ - kg™t —3103,6 k] - kg™ = —486,547 kJ - kg™!
Ahyy = hy —hy = 535,35k - kg™t — 2617,0531kJ - kg™ = —2081,703 kJ - kg™!
Ahyiy = hy —hy =538,10k] - kg™* — 53535k/ - kg™t = 2,75 k] - kg™!

Ahgyr = hyy —hy = 961,95 k] - kg™* — 538,10 kJ - kg™' = 423,85 kJ - kg™?

Ahgry = hy —hy = 28008k - kg™* — 961,95 k] - kg™' = 1838,85 k] - kg™!

Szeged, 2013. majus 1. Oldal
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Ahy, = hy —h, = 3103,6 k] - kg~ — 2800,8 k] - kg™' = 302,8 kJ - kg1
wy, =hy —hy, = 3103,6 kJ - kg~! — 2617,0531 kJ - kg~! = 486,547 kJ - kg1
z Qe = hy — hs = 3103,6 kJ - kg~ — 538,10 k] - kg~! = 2565,5 kJ - kg~1
5. FELADAT
wy, 486,547 kJ - kgt
= = = 1
M = .~ 25655k] kg1 0,1896
_ o0y, = 280547 kg 000 18,96
Mo = = 2565,5k] - kg-! 0= 2% EhY
_1000 _ 1000 . ooop
LT W, 486547 9 M
6. FELADAT
6) A
1 allapotpont
P1 = Pka
tl = tt
v1; hi; 51 = f(Pra, tr) = tablazatbol
u; =hy —p;-v, =3103,6 kJ - kg™t — 0,25 k] - (m3)™1-0,1076 m3 - kg~
=3076,7 k] - kg1
p t v h s u
[bar] [°c] [m®- kg] k- kg [k kg™ -K™] [k kg]
25 340 0,1076 3103,6 6,8044 3076,7

2 allapotpont

Szeged, 2013. majus 1. Oldal
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P2 = Pko
t, = tro = f(Pro) = tablazatbdl

7 "

A T . e . = 214 4
Vbl Vbios Mops Mpi Sps Sp,. = f(p,,) = tablazatbol

172 = v;’ko + (v;’,ko - vlgko) "X =
= 0,0010530 m3 - kg‘1 +(1,1597 m3 - kg‘1 —0,0010530 m?3 - kg‘l) -0,9274 m3 - kg‘1 =
=1,0756m3 - kg™!

S1pka = S2pko
’ " ’ _ S2
S2 = Spio + (Spko - Spko) X =X = (S” —g )
Pko Pko
Lo 52 " Sppz 68044 K] kgt K '-14336 k] - kg 'K
(sproy —5p,,2)  7,2248Kk] kg '-K ' —1,4336k] - kg ' - K

=0,9274

hy = hy,, + (h)

Pko h;i’ko) X =
= 467,13k] - kg™ + (2693,9k] - kg™ — 467,13k] - kg™1) - 0,9274 =

= 2532,2588kJ - kg1

u, = h, —p, - v, = 2532,2588 kJ - kg™t — 0,015 kJ - (m3)~! - 1,0756 m3 - kg~ =
=2516,125kJ - kg™!

p t v h s u
[bar] [°C] [m®- kg™] [k)- kg™ [k)- kg™ K] [kJ- kg™]
1,5 111,37 1,0756 2532,2588 6,8044 2516,125
2’ allapotpont
Pyt = D2 = Pko

by =1ty =ty

Szeged, 2013. majus 1. Oldal
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Uy = v’pko

hZ’ = h;ko

S = SIIJko

Ve o i Sy = f(p,,) = tablazatbol
Uy = hyr —pyr - vy = 467,13 k] - kg™ — 0,015 kJ - (m3)~1 - 0,0010530 m3 - kg1 =
=467,1142 k] - kg1
p t v h s u
[bar] [°cl [m®- kg] [k)- kg™] [k)- kg™ K] [kJ- kg™]
1,5 111,37 0,0010530 467,13 1,4336 467,1142
3 dllapotpont
P3 = Pka
h; =y
S3 =Sy =x = 14336

x; = 1,4126

x, = 1,5252

y, = 463,2

y, = 505,5

_ +(x—x1)-(y2—y1)_

y=WM X, — X =
4632 + (1,4336 —1,4126 ) - (505,5 — 463,2) — 472 16 kI - ka-1
- 1,5252 — 1,4126 = 472,16k - kg
Szeged, 2013. majus 1. Oldal
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p s h
[bar] [k)- kg™ K" [k)- kg™]
2,5 1,4336 472,16

3’ allapotponat

P3' = Pka

U3 = lkq

Vg = v’pka

h3’ = h, ka

Szl = Sll?ka

Vpeis My i Sy = f(p,,)= tablazatbol
Ugr = hyr —Pgyr -3 = 961,95 k] - kg™ — 0,25 kJ - (m3)71.0,0011972m3 - kg™ =
=961,651kJ - kg~
p t v h s u
[bar] [°C] [m*- kg™] [k)- kg™] [k)- kg™ K] [k)- kg™]
25 223,94 0,0011972 961,95 2,5543 961,651
4 allapotponta
P4 = D3’ = Pka
ty =tgyr =tgq
v hy i sy =f(p,,)= tablazatbol

Vy = 1anka

h4 = hgka
Szeged, 2013. majus 1. Oldal
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54 = Slg,ka
Uy = hy —py - v, =28008k] - kg™t —0,25kJ - (m3)~1-0,07990 m3 - kg™ =
=2780,825kJ - kg~
p t v h S u
[bar] [°c] [m®- k] [kJ- kg™] [k)- kg™ K] [k)- kg™]
25 223,94 0,07990 2800,8 6,2536 2780,825

4. FELADAT

Aug, = u, —u; = 2516,125kJ - kg™ — 3076,7kJ - kg™* = —560,575 kJ - kg™!
Auyy = uy —u, = 467,1142 kJ - kg™ — 2516,125 k] - kg™ = —2049,011 kJ - kg™!
Augr, = uy —uy = 2780,825kJ - kg™ — 961,651 kJ - kg™* = 1819,174 kJ - kg™!
Auyy = uy —uy =3076,7kJ - kg™* —2780,825 k] - kg™' = 295,875 k] - kg1

As;; =s,— 5, =68044 k] - kg™ - K1 —68044 k] -kg - K '=0kJ -kg™!-K!
Asyyr =Sy — s, = 1,4336 k] - kg™ - K™ — 6,8044 k] - kg™ - K™ =

= —5,3708kJ - kg™! - K!

Asyy =S5 —Sy = 1,4336 k] - kg™ - K™ —1,4336k] - kg™ K ' =0kJ - kg™ - K!
Asyy = sy —s3 = 2,5543 k] - kg™ - K™ —1,4336 k] - kg™ - K™ =

=1,1207 kJ - kg™ - K1

Asyr, =S4, — Sy = 6,2536k] kg™ - K™ — 25543 k] - kg™t -K™! =

=3,6993kJ - kg ' -K1

Asy; =s;— S, =—6,8044k] - kg™ -K™*—6,2536k] - kg™ - K™ =

=0,5508 kg1 K1

Ahy, = hy —hy = 2532,2588k/ - kg™t —3103,6 k] - kg™* = —571,341 kJ - kg™?!
Ahyyr = hy —hy = 467,13 k] - kg™ — 2532,2588 k] - kg™ = —2060,099 kJ - kg™!
Ahyry = hy —hy = 472,16 k] - kg™ — 467,13 kJ - kg™ = 5,03 kJ - kg™!

Ahgyyr = hy —h; = 961,95 k] - kg™ — 472,16 k] - kg™ = 489,79 kJ - kg™

Ahgr, = hy —hy =2800,8kJ - kg™ — 961,95 k] - kg™! = 1838,85kJ - kg™*

Szeged, 2013. majus 1. Oldal
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Ahy, = hy —h, =3103,6 k] - kg~* — 2800,8 k] - kg~! = 302,8 kJ - kg~*

wy =hy —h, =3103,6 kJ - kg~* — 2532,2588 k] - kg~! = 571,341 kJ - kg~ !

z Qpe = hy —h; =3103,6 kJ - kg™ — 472,16 k] - kg™* = 2631,44 k] - kg™!

5. FELADAT
w, 571341 kJ - kg™
= Zh = 02171
M = pe 263144 K] - kgt
_ W 000, = X8OS4T K kg™t e 91 71
T = b ° T 263144 k] kg1 0T eI
_1000 1000 o
1=, T 571,341 9-M
6.)B
1 allapotpont
P1 = Pka
tl = tt

vy; My S; = f(Prar te) = téblazatbol

u; =hy —p; v, =3103,6 kJ - kg™t — 0,25 k] - (m3)™1-0,1076 m3 - kg~
=3076,7 kJ - kg1

p t v h s u
[bar] [°C] [m®- kg] kJ- kg™ [kJ- kg™t -K™] [kJ- kg™
25 340 0,1076 3103,6 6,8044 3076,7

Szeged, 2013. majus 1. Oldal
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2 allapotpont
P2 = Pko
t, = tro = f(Pro) = tablazatbdl
Vpiol Ubos oy Mpss s;,ko; s;ko = f(p,,) = tablazatbol
V2 = UZ;ko + (vzglko - vzgko) X =
=0,0010301 m? - kg~ + (3,2415 m3 - kg~! — 0,0010301 m3 - kg~1) - 0,8784 =
= 2,8475
Slpka = SZPko
! rn ! SZ
S =sp0+(spo—sp o)-x =>Xx =
‘ ‘ “ (Spko - Spko)

Sy3 — S, 68044 k- kg ' K ' —1,0912 k] - kg~ -K1
x= Pho? ~= / g / kg = 0,8784

Sy 3= 5Sp.3)  75951kj-kg ' K '—10912k] - kg '-K
hz = h;’ko + (h’;” - hé’ko) X =
=340,57kJ - kg™ +(2646,04 ) - kg™' —340,57 k] - kg™') - 0,8784 =
=2109,1421kJ - kg "
U, = h, — p, - v, = 2109,1421kJ - kg~ — 0,005 kJ - (m3)71 - 2,8475m3 - kg~! =
=2094,905 kJ - kg1

p t v h s u

[bar] [°cl [m®- kg] [k)- kg™] [kJ kg™ -K™] [kJ- kg™]
0,05 81,35 2,8475 2109,1421 6,8044 2094,905

Szeged, 2013. majus 1. Oldal



Miiszaki aramlastan, h6tan és anyagtranszport

G6z6k termodinamikaja

2’ dllapotpont

Uy = hyr — pyr

P2' = P2 = Pko

by =1 = lgo

T
Uy =V pko
o
h2’ - hpko
Syt =Sy
2 Pko
ro. ! . 4 _ , , /
Vool Mo Spp, = f(p,,) = tablazatbol

= 340,5648kJ - kg~

Beke Péter

vy = 340,57 kJ - kg™t — 0,005 kJ - (m3)~1-0,0010301 m3 - kg™ =

p t v h s u
[bar] [°C] [m*- kg™] [k)- kg™] [k)- kg™ -K™] [k)- kg™
0,5 81,35 0,0010301 340,57 1,0912 340,5648
3 dllapotpont
P3 = Pka
hs =y

S3 =Sy =x = 1,0912
x; = 1,1906
x, = 1,3048
y1 =379,0

y, = 421,1

Szeged, 2013. majus 1.

Oldal
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_ +(X—x1)'()’2—)’1)_
Yy=n X — X,
~ 3790+ (1,0912 — 1,1906) - (421,1 — 379,0) 379 k] - ka-1
=2 1,3048 — 1,1906 = S kg
p S h
[bar] [k)- kg™ K" [k)- kg™]
0,5 1,0912 379

3’ dllapotponat

P3’ = Pka

by = tga

Ugr = v’pka

h'3’ = h’;’ka

S3! = S;’ka

Vpeii My i Sy = f(p,,)= tablazatbol
Ugr = hgr —pgr - V3 = 961,95 k] - kg™ — 0,25 kJ - (m3)71.0,0011972m3 - kg™! =
=961,651k] - kg‘1
p t v h s u
[bar] [°C] [m3 . kg'l] [kJ- kg‘l] [kJ- kg'1 -K'l] [kJ- kg'l]
25 223,94 0,0011972 961,95 2,5543 961,651
4 allapotponta
P4 = D3’ = Pka
Oldal

Szeged, 2013. majus 1.
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by =13 = lgq
v hy i sy = f(p,,)= tablazatbol
Uy = v”pka
h4 = hzka
Sa = SI,J’ka
Uy = hy —py - v, =28008k] - kg™t —0,25kJ - (m3)~1-0,07990 m3 - kg~ =
=2780,825kJ - kg~
p t v h s u
[bar] [°c [m?- kg™] [kJ- kg™] [k)- kg™ K™ [k kg™]
25 223,94 0,07990 2800,8 6,2536 2780,825

4. FELADAT

Auyy, = uy —uy = 2094,9046k] - kg™ —3076,7 k] - kg™t = —981,7954 kJ - kg™ !
Auy, = uy —u, = 340,564 kJ - kg™ —2094,9046 k] - kg™ = —1754,341 k] - kg™?!
Augr, = uy —uy = 2780,825kJ - kg™ — 961,651 kJ - kg™ = 1819,174 k] - kg™!
Auyy = uy —u, =3076,7k] - kg™' —2780,825 k] - kg™ = 295,875 k] - kg1

Asy; = s, —s, = 68044 k] - kg™ - Kt —6,8044k] kg ' K 1=0kJ kg™ K1
Asyyr = sy —s; =1,0912k] - kg™ - K1 — 6,8044 k] - kg™t - K1 =

=—-4,903kJ -kg™' K1

Asyiz =53 —s, =1,0912k] - kg™ - Kt —1,0912k] kg™t - K1 =0kJ - kg™ -K!
Asyyr = 530 —s3 = 25543 k] - kg ' - K™t —1,0912k] - kg™t - K1 =

=1,4631kJ - kg ' - K

Asyry = s, —S3r = 6,2536 k] - kg™ - K™' — 25543 k] - kg™ -K™' =

=3,6993kJ - kg ' -K!

Asyy = s, — s, = —68044 k] - kg™ - K1 —6,2536 k] - kg™t - K1 =

Szeged, 2013. majus 1. Oldal
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=0,5508kg!-K!
Ahy, = hy —hy = 2109,142k] - kg™' — 3103,6 kJ - kg~! = —994,458 kJ - kg™!
Ahy, = hyr — hy = 340,57 kJ - kg™ — 2109,142 k] - kg™* = —1,768,572 kJ - kg™!
Ahyiy = hy —hy =379 k] - kg™ — 340,57 k] - kg™' = 38,43 kJ - kg™!
Ahygr = hyr — hy = 961,95 k] - kg™ — 379 k] - kg™ = 582,95 kJ - kg™*
Ahgr, = hy — hy = 28008k - kg™ — 961,95 k] - kg~* = 1838,85 kJ - kg1
Ahy = hy —h, =3103,6 kJ - kg~ — 2800,8 k] - kg™* = 302,8 kJ - kg1

wy =h, —h, =3103,6 k] - kg™t — 2109,142 k] - kg~* = 994,458 kJ - kg1

2 Gpe = hy —hs = 3103,6 kJ - kg™t —379 k] - kg~! = 2724,6 kJ - kg1

5. FELADAT

W, 994,458 kj - kg™

== = 0,3649
T = b 2724, 6k] kgt

_ W 1009 = 224458 K k9T 00 — 36,49

L °T T2724,6k] kg! 0= 20,570

1000 1000
 wy, 994,458

=1,0055 kg - MJ !

A korfolyamatok 6sszehasonlitasa:

Mind harom kérfolyamat egy-egy Rankine-Clausius korfolyamat. A f6 kiilonbséget a harom
folyamat kozott a kondenzatorok nyomdsa adja. Megfigyelhet6 , hogy a kondenzatornyomas
csokkentésével egylitesen né a teljesitmény illetve csdkken a g6zfogyasztasa. A
gbzfogyasztas csokkenés elénye, hogy kevesebb g6z kell 1 MJ enrgia el6allitdsahoz, és ez a
teljesitmény novekedést von maga utan.
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Beke Péter

GRAFIKONOK
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Beke Péter
40 T T T 28
gizfogyasztas
. termikus teljesitmény
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