Y Vypocet jednostupnové paroproudé vyvevy

0.) Vysvetlivky
zadané parametry
zvolené parametry
tabulkové parametry

¥ 1.) Schéma jednostupnové paroproudé vyvevy
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V¥ 2.) i-s diagram znazornujici deje ve vyveve
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V¥ 3.) Zadané parametry
Mnozstvi vzduchu vnikajiciho do kondenzatoru
M _ = QOH/(g ﬂ :

hour
Stav odsavané parovzdusné smesi
p, = T000[Pa] :

T.=(273.15 +30)[K] :
Tlak smesi = tlak kondenzétoru
Dy = Py
Stav hnaci pary na vstupu do ejektoru (rez 1- 1)
p; = 2000000[ Pa] :
T, = (273.15 +350)[K] :
3
v, = 0.138504155 H’”ﬂ :
kg
L&/ .

[, = 3137, :
iy = 31376




V¥ 4.) Zvolené parametry a konstanty
Prumer vstupniho potrubi — DN (rez 1-1)

d; =40 [mm] :

Vystupni tlak parovzdusné smesi (rez 5- 5)

ps;i= 101325 [Pa] :
Vystupni rychlost parovzdusné smsi (rez 5- 5)

m
w5== SOHSH:

Uhel rozevreni ejektoru

307
o, = 180 [rad] :

Uhel rozevreni difuzoru

10-7
w, = 180 [rad] :

Ucinnost difuzoru

mzad — 0.75 :

Soucinitel vystihujici nerovnomerné rozdeleni rychlosti v prrezu
o:=13:

Rychlostni soucinitel ejektoru

o =0.9:
Plynova konstanta suchého vzduchu
[/

ro=28711——"——>=":

VZ [kgl- 1K1
Plynova konstanta vodni pary

[/

roi=461.5———r——":

r [kgl 1K1
Poissonova konstanta pro paru
K:=1315:

Vypoctové konstanty

A1 = 2.0:
X, = 1.78:




V¥ 5.) Stav hnaci pary v jednotlivych castech ejektoru

V¥ 5.1) Nejuzsi misto ejektoru - rez A - A

Urceni kritického pomeru
K

(2 N\
Bk"(ic+1) ’

0.5430315130 (1.6.1.1)
Urceni tlakového pomeru ejektoru
Py =Py
P
B.=—=;
Py
7
2000 (1.6.1.2)
Simpllfy( ﬁeje) ;
7
2000 (1.6.1.3)
Porovnani tlakovych pomer
ﬁkr > Beje;
7
2000 < 0.5430315130 (1.6.1.4)
Parametry v nejuzsim prrezu - rez A - A
Py =B, py;
1.086063026 10° [ Pa] (1.6.1.5)
T, = (273.15 +268.24) [ K] :
3
m
= 022223 — | :
i I[[[kg]]ﬂ
kJ
i, = 2980.5—":
krad [[kg]]

Rychlost v nejuzsim bode ejektoru (M=1)
Wi = ¢’\/2' UK

=

15.95311881 jLZs (1.6.1.6)

kgl

=

simpliﬁ/( Wkr) ;
504.4819122 Hﬂ ” (1.6.1.7)

S

V¥ 5.2) Vystup z ejektoru - rez 2 - 2




Parametry hnaci pary
Py =Py
_ [&/] .
lyaq = 2161.42- ===+ [ke]
Teoretlcky entalplcky spad hanci pary v ejektoru
hyws =0 —bypuds
976.18 [kJ
#][]]] (1.6.2.1)
Skutecny entalpicky spad hnaci pary v ejektoru:
-— 2 .
hy =9 h,z
790.7058 [kJ
[[kg]][[ I (1.6.2.2)
Skutecnd entalpie hnaci pary ( syté pary):
by =1~ hy;
2346.8942 [ kJ
[ke] [£/] (1.6.2.3)
Zbyl¢ parametry
T, = (27315 +39)[K] :
x, = 0.906 :
o
=20
H kg H
USEAVE
Rychlost vztupu hnaci pary do smesovaci komory (vystup z ejektoru)
Wop =0 205
39.76696619 %k—k‘;]]]] (1.6.2.4)
simpliﬁ/( W ) ;
1257.541888 Hﬂ ” (1.6.2.5)
S
V¥ 6.) Stav nasavané parovzdusné smesi ve smesovaci komore
Py, =P
Vs2 T V2
Na krivce sytosti pro tlak odecteme entalpii odsavané smesi jako by slo pouze o sytou paru
NIL.7A 1
= 2571.8———
[kgl
Rychlost prisavani smesi k pare:




W, = 0.035'wp2;
[£/]]
1.391843817 | ——— 1.7.1
kgl @71
simpliﬁ/(wsz);
44.01396609 ”%H (1.7.2)
¥ 7.) Urceni hodnoty
Vzorce a hodnoty:
&:=1[1.1,1,09,0.8]:
is = [seq(i‘,[x i+ (] E[x ) i 5 —1..4)]:
hy = [seq((f,[ ]) h,x= )]
Iy =i —hy:
Z parnich tabulek- PARA:
: LI [A/] MrIT MxIT
2617.926337 ,2752.130854 , 2885.22047 ———-,3012.611805
Sad = } [ kel kg1 [kl [kel
R3aa = tsaa i3
B3 galX] _ )
n:= seq[ s [x] ,x—l..4”.
Velicina 1 11 i V4
£ &l1l; &l2]; &l31; &4];
1.1 (1.8.1) 1 (1.8.3) 09 (1.84) 0.8 (1.8.5)
(1.8.2)
i is[1]; is[2]; is[31; is[4];
(3194.18 (1.8.6) | (3137.6 (1.8.7) | (3081.02 (1.8.8) | (3024.44 (1.8.9)
[A/T) [ [&7T) [
/ KT | / KT |
[4g] Tkgll [4g] Tkell
h; hs[1]; hs[2]; hsy(31; hy[4];
( (1.8.10) | ( (1.8.11) | ( (1.8.12) | ( (1.8.13)
956.\ 790.\ 640.\ 506.\
7540\ 7058 4716\ 0517\




18 I 98 12
I k1) Il i
k1) | kJT) kJT)
| [ / |
I kgl i Ii
kgl kgl kgl

iy i5[17; i5[21; i3 i,[4];
( (1.8.14) | ( (1.8.15) | ( (1.8.16) | ( (1.8.17)
2237\ 2346\ 2440\ 2518\
425\ 894\ 548\ 388\
982 2 302 288
I Il i i
kJT) k1) K1) k1)
| | / |
I Il Il i
kgl kgl kgl kgl
i5ad i5aa’[ 1 ]; i5ad[2]; i5ad[3 ]; i5ud[4];
( (1.8.18) | ( (1.8.19) | ¢ (1.8.20) | ( (1.8.21)
2617\ 2752\ 2885\ 3012\
926\ 130\ 220\ 611\
337 854 47 805
I Il Il Ii
kJT) k1) kJT) kJT)
| | / |
[ Il Il i
kgl kgl kgl kgl
h; a 3 aal1]; h3aal2]; 3 aql31; 3 oql4;
( (1.8.22) | ( (1.8.23) | ( (1.8.24) | ( (1.8.25)
380.\ 405.\ 444\ 494\
5003\ 2366\ 6721\ 2235\
55 54 68 17
I Il i i
kJT) k1) K1) kJT)
| | / |
I i i Ii
kgl kgl kgl kg1




ni1l N2} ni3l; ni4];
0.397699\(1.8.26) | 0-312499\(1.8.27)| ( 694288\(1.8.28) | 0.976626\(1.8.29)
9134

2496

5523

5093

dataTabulka := [ [E[1], n[1]], [&[2], n[2]], [E[3], n[3]], [E[4]. nl4]]};
[[1.1,0.39769924961], [1, 0.5124999134 1], [0.9, 0.6942885523 ], [0.8, 0.9766265093 ]] (1.8.30)

dano == [[0.8,0.75], [1.1,0.75] ];

[10.8,0.75], [1.1,0.757] (1.8.31)
5.1)Graf-urceni konstatny & :
with(CurveFitting) :
with(plots) :
X = [E[4], 831, E[2). E[1]];
Y= [n(41 (3} n(2) n(11];
[0.8,09,1,1.1]
[0.9766265093, 0.6942885523, 0.5124999134, 0.3976992496 | (1.8.32)

NewX := [seq(0.001 *i,i=1000&[4]..1000 £[1]) ] :

[0.8000, 0.8010, 0.8020, 0.8030, 0.8040, 0.8050, 0.8060, 0.8070, 0.8080, 0.8090,
0.8100, 0.8110, 0.8120, 0.8130, 0.8140, 0.8150, 0.8160, 0.8170, 0.8180, 0.8190,
0.8200, 0.8210, 0.8220, 0.8230, 0.8240, 0.8250, 0.8260, 0.8270, 0.8280, 0.8290,
0.8300, 0.8310, 0.8320, 0.8330, 0.8340, 0.8350, 0.8360, 0.8370, 0.8380, 0.8390,
0.8400, 0.8410, 0.8420, 0.8430, 0.8440, 0.8450, 0.8460, 0.8470, 0.8480, 0.8490,
0.8500, 0.8510, 0.8520, 0.8530, 0.8540, 0.8550, 0.8560, 0.8570, 0.8580, 0.8590,
0.8600, 0.8610, 0.8620, 0.8630, 0.8640, 0.8650, 0.8660, 0.8670, 0.8680, 0.8690,
0.8700, 0.8710, 0.8720, 0.8730, 0.8740, 0.8750, 0.8760, 0.8770, 0.8780, 0.8790,
0.8800, 0.8810, 0.8820, 0.8830, 0.8840, 0.8850, 0.8860, 0.8870, 0.8880, 0.8890,
0.8900, 0.8910, 0.8920, 0.8930, 0.8940, 0.8950, 0.8960, 0.8970, 0.8980, 0.8990,
0.9000, 0.9010, 0.9020, 0.9030, 0.9040, 0.9050, 0.9060, 0.9070, 0.9080, 0.9090,
0.9100, 0.9110, 0.9120, 0.9130, 0.9140, 0.9150, 0.9160, 0.9170, 0.9180, 0.9190,
0.9200, 0.9210, 0.9220, 0.9230, 0.9240, 0.9250, 0.9260, 0.9270, 0.9280, 0.9290,
0.9300, 0.9310, 0.9320, 0.9330, 0.9340, 0.9350, 0.9360, 0.9370, 0.9380, 0.9390,
0.9400, 0.9410, 0.9420, 0.9430, 0.9440, 0.9450, 0.9460, 0.9470, 0.9480, 0.9490,
0.9500, 0.9510, 0.9520, 0.9530, 0.9540, 0.9550, 0.9560, 0.9570, 0.9580, 0.9590,
0.9600, 0.9610, 0.9620, 0.9630, 0.9640, 0.9650, 0.9660, 0.9670, 0.9680, 0.9690,
0.9700, 0.9710, 0.9720, 0.9730, 0.9740, 0.9750, 0.9760, 0.9770, 0.9780, 0.9790,
0.9800, 0.9810, 0.9820, 0.9830, 0.9840, 0.9850, 0.9860, 0.9870, 0.9880, 0.9890,
0.9900, 0.9910, 0.9920, 0.9930, 0.9940, 0.9950, 0.9960, 0.9970, 0.9980, 0.9990,



1.0000, 1.0010, 1.0020, 1.0030, 1.0040, 1.0050, 1.0060, 1.0070, 1.0080, 1.0090,
1.0100, 1.0110, 1.0120, 1.0130, 1.0140, 1.0150, 1.0160, 1.0170, 1.0180, 1.0190,
1.0200, 1.0210, 1.0220, 1.0230, 1.0240, 1.0250, 1.0260, 1.0270, 1.0280, 1.0290,
1.0300, 1.0310, 1.0320, 1.0330, 1.0340, 1.0350, 1.0360, 1.0370, 1.0380, 1.0390,
1.0400, 1.0410, 1.0420, 1.0430, 1.0440, 1.0450, 1.0460, 1.0470, 1.0480, 1.0490,
1.0500, 1.0510, 1.0520, 1.0530, 1.0540, 1.0550, 1.0560, 1.0570, 1.0580, 1.0590,
1.0600, 1.0610, 1.0620, 1.0630, 1.0640, 1.0650, 1.0660, 1.0670, 1.0680, 1.0690,
1.0700, 1.0710, 1.0720, 1.0730, 1.0740, 1.0750, 1.0760, 1.0770, 1.0780, 1.0790,
1.0800, 1.0810, 1.0820, 1.0830, 1.0840, 1.0850, 1.0860, 1.0870, 1.0880, 1.0890,
1.0900, 1.0910, 1.0920, 1.0930, 1.0940, 1.0950, 1.0960, 1.0970, 1.0980, 1.0990,

1.1000]

NewY := Arraylnterpolation(X, Y, NewX, method = spline) :

krivka == plot(NewX, NewY, E4=0.8 ..1.1, 14 =0..1, axis = [ gridlines = [ 10, color = black]],
color = blue, labels = ["Ej’, "1]"], labeldirections = [ "horizontal", "horizontal" ], labelfont

= ["HELVETICA", 101], linestyle= [ solid, longdash ], axesfont=["HELVETICA",

"ROMAN", 10]);

ucinnost := plot( | ndano), style = line, axes = boxed, color =red)

vysledek == [[0.88,0], [0.88,0.75] J;

[10.88,07, [0.88, 0.75]]
vyslednice == plot( [vysledek ), style = line, axes = boxed, color = green);

display(krivka, ucinnost, vyslednice);

PLOT(...)

PLOT(...)

PLOT(...)

(1.8.34)

(1.8.35)

(1.8.36)

(1.8.37)
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Ucinnost difuzoru-ZADANA

nzad = 0.75;
0.75 (1.8.38)
Interpolace- Vysledna konstanta &;
fmpay+ SIS )
= ‘\Tgad — 1 ;
(n3]-n[4])
0.8802678151 (1.8.39)

Pro vyslednou hodnotu & nyni dopocitame :
Entalpie na vystupu s difuzoru
(1.8.40)

i = E-ij + (1 — &) -i
3069.855530 [kJ]

kgl
Skutecny entalpicky spad smesi v difuzoru

b
hy =E&"h;

(1.8.41)



612.6953310 [4J]]
1.8.42
kgl ( )
Entalpie na vstupu do difuzoru
Iy =1i;—hy
2457.160199 [kJ]
1.8.43
kel 1549
Adiabaticky entalpicky spad smesi v difuzoru
h; o = hy MRad;
459.5214982 [kJ]
1.8.44
[ke] (1549
V¥ 8.) Stav odsavané smesi v jednotlivych castech difuzoru
V¥ 8.1) Vstup do difuzoru —rez3 -3
D3 =py
7000 [Pal 1.9.1.1)
x;:=10,95:
Iy = 15— hy
2457.160199 [kJ]
1.9.1.2
kgl ( )
o
Vs = 20|[ E H .
T, = (39 +273.15) [K] :
Rychlost smesi na vztupu do dofuzoru (rez 3 - 3):
Wy = §-wp2;
[4/]
35.00558044 | ——— 1.9.1.3
kel (1513
Simplifj/( 12 );
1106.973650 H % H (1.9.1.4)
V¥ 8.3) Vystupu s difuzoru - rez 5 - 5
is =&-i, + (1 —8&)-i,
3069.855530 [&/]
1.9.2.1
kgl ( )
DPs = Psp




101325 [ Pa] (1.9.2.2)
Ty == 297.7 +275.15[ K] :

3
m
vs = 2.593664563 l[kg H :

¥ 9.) Urceni mnozstvi odsavané parovzdusné smesi a spotreba pary
Parcialni tlak syté pary pi teplote Ts

p, = 0.042-101325[ Pa];
4255.650 [ Pa] (1.10.1)
Mnozstvi parovzdusné smesi odsdvané vyvevou

v, p
M= M| %
' P—p,
0.01091513254 ” ke H (1.10.2)
S
replace units
_
39.29447714 ” —’2& H (1.10.3)
Spotreba hnaci pary
M
== ol °
)4 ] — EJ ’
0.09116289450 ” ke H
S
replace units
e
328.1864202 H ﬁh{ H (1.10.5)

¥ 10.) Rozmery vyvevy

¥ 10.1) Podle Ambroze
V¥ 10.1.1) Vstupni hrdlo —rez 1 -1

Prmer vstupniho hrdla se voli podle prmru potrubi (DN) privadejiciho hnaci paru do
ejektoru

d, =40 [mm] :

V¥ 10.1.2) Nejuzsi priirez ejektoru —rez A — A




A = L ‘10_2;

0.00003793189272 H &Sg H

[Pa]
m3
H

0.00003793189272 [ n?]

simplify ( A ) ;
replace units

37.93189272 [mm?]

d _ 4"Amin
min - ’
0.01231777459 —
[Pa] -
3
m_
H kg ﬂ
simplify( din ) ;
0.006949560116 [m]
replace units
_

6.949560116 [mm]

V¥ 10.1.3) Koncovy priirez ejektoru — rez 2 — 2

.= M, Vo2 |
Ay
kg iﬂ
0.04584855383 H S H H ke
[&/]
[4g]
simplify(Az);

0.001449858575 [ ]

replace units

1449.858575 [ mm’]
Vystupni prmer ejektoru

(1.11.1.2.1)

(1.11.1.2.3)

(1.11.1.2.4)

(1.11.1.2.6)

(1.11.1.3.1)

(1.11.1.3.2)

(1.11.1.3.3)



0.04296530313 [m]

replace units
_

42.96530313 [mm]

V¥ 10.1.4) Délka rozsirujici se casti ejektoru
Uhel rozevreni ejektoru

d2 — I ’
0.4282455082 s Il kg |
I
[kgll
simplify (d,):

replace units

0.06720629140 [m]

67.20629140 [mm]|

30
o, = 180 [rad] :
o dZ_dmin
= "0
2-tan 5
1 1 1 0.4282455082 s Il kg |
tan(— T [[rad]]) [&/] -
12 Tke]
—0.01231777459 ——
[Pal_
3
m
H kg ﬂ
simplify( 1, ) ;

V¥ 10.1.5) Priirez vstupni casti difuzoru —rez 3 - 3

(1.11.1.3.4)

(1.11.1.3.5)

(1.11.1.3.6)

(1.11.1.4.1)

(1.11.1.4.2)

(1.11.1.4.3)



3 W3
kg ] [ o’
0.05832100238H H—ﬂ
s kg (1.11.1.5.1)
[&/]
[kg]
simplify(A3);

0.001844272029 [ n?*]] (1.11.1.5.2)

replace units

e ——
1844.272029 [[ mm?] (1.11.1.5.3)
Do prmeru d, je treba zahrnou i nerovnomernost rozlozeni proudu
4-4,
dy=o [ =
0.6278932839 s Il kg | (1.11.1.5.4)
[T
[4g]
simplify( d3) ;
0.06299569933 [m] (1.11.1.5.5)

replace units
%
(1.11.1.5.6)

62.99569933 [mm]|

V¥ 10.1.6) Délka smesovaciho prostoru
Plocha kterou se smes pisava do proudu pary

M, -v
Asz - s 's2 .
wsZ
k m
0.1568442149 Hiﬂ I[k—ﬂ
5 £ (1.11.1.6.1)
[&J]
[kg]
simplify ( A, ) ;
0.004959849569 [ i’ ] (1.11.1.6.2)
replace units
4959.849569 [ mm* ] (1.11.1.6.3)




o
0.2970144002 ”kﬁ-” |[ B H
o (1.11.1.6.4)
”k& ﬁ
LkD s I
[kg] / kJ
simplify( 12) ;
0.02979906034 [[m] (1.11.1.6.5)
replace units
_—
29.79906034 [[mm ] (1.11.1.6.6)
V¥ 10.1.7) Minimalni prirez difuzoru — rez 4 — 4
(1.11.1.7.1)
+M
A, = M F 1073
Ps
X V_SIO
0.0009175101195 H kg H
s (1.11.1.7.2)
[Pa]
3
m_
l[ kg H
simplify ( A4) ;
0.0009175101195 [ m*]
replace units
917.5101195 [ mn?] (1.11.1.7.4)
4-4
d, = 1.
n
0.06058085901 L8 (1.11.1.7.5)
[Pa]
3
m_
H kg ﬂ
simplify( d 4) ;
0.03417908961 [m] (1.11.1.7.6)
replace units
e — 4
34.17908961 [[mm ] (1.11.1.7.7)




L

V¥ 10.1.8) Délka zuzujici se casti difuzoru

0.1646876781 [m]

replace units

164.6876781 [mm]

V¥ 10.1.9) Délka valcové casti difuzoru

l, = 1.5-d
0.09087128852 L 5 |
[Pal
3
m_
H kg ﬂ
simplify( 14) ;

0.05126863442 [m]

replace units

51.26863442 [mm]

Y 10.1.10) Vystupni prurez difuzoru —rez 5 -5

10-
03 = Tgo Lradl:
d; —d,
= —"
3]
2- _d
tan 5
% I ! 0.6278932839 s Il kg |
tan(g T [[rad]]) Tk -
kgl
—0.06058085901 L s |
[Pa]
3
m
” kg ﬂ
simplify( I );

(1.11.1.8.1)

(1.11.1.8.2)

(1.11.1.8.3)

(1.11.1.9.1)

(1.11.1.9.2)

(1.11.1.9.3)



A (M, +M,)-vs
Ws ’
k m’
0.005295123226 ” £ ” H . ﬂ
5 g (1.11.1.10.1)
m
H
simplify ( Ay ) ;
0.005295123226 [ n*]] (1.11.1.10.2)
replace units
S
5295.123226 [ mm?*]] (1.11.1.10.3)
Vystupni prmer difuzoru
[4-4
5
d; = ;
T
3
”k&” m
0.1455351947 s Il ke | (1.11.1.10.4)
HE
S
simplify( ds ) ;
0.08210944088 [m] (1.11.1.10.5)
replace units
S ——
82.10944088 [mm] (1.11.1.10.6)

V¥ 10.1.11) Délka rozsiujici se casti difuzoru
Uhel rozevreni difuzoru

10-7

o, = 180 [rad] :
d.—d
5 4
I, = o
2-tan(7J

H&gﬂ .
> 0.1455351947 SH - kg | (1.11.1.11.1)




— 0.06058085901 ——
[Pal
3
.
” kg ﬂ
simpliﬁ/(ls);
0.2739232109 [m]] (1.11.1.11.2)
replace units
273.9232109 [mm] (1.11.1.11.3)

¥ 11.) Nacrtek navrzené vyvevy




