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SOLUTION
Unit Settings: SI C Pa J mass deg

ao = 31,84 [W/m?K] asp = 54,33 [W/m?-K]

avz = 78,28 [W/mz-K]\ azebra = 25,47 [W/m?-K]
Arksuma = 121,1 alt = -0,123

a2 =05 asp = 0,00003208 [m%s]
avz = 0,00002765 [m?s] az = 0,03596

B=13 B =31,95

bzebra = 0,0015 [m] CO2suma = 116,1

cpar = 521 cpcoz = 927,1

cpH20 = 1893 cpN2 = 1042

cpoz = 940,3 [J/kg-K] cpsp = 1110 [J/kg-K]

cpvz = 1004 [J/kg-K] c1=1

c2=0,866 cz1 =0,372

Ccz2 =7 Szebra = 0,001 [m]

d1 =0,06 [m] d2 =0,063 [m]

Darco2 = 0,00001945 [m?/s] DarH20 = 0,00005999 [m?/s]
DarN2 = 0,0003803 [m?/s] Dar02 = 0,00003385 [m?s]
DcozH2o = 0,00004154 [m?/s] DcozN2 = 0,0000285 [m?/s]
Dcoz02 =0,00002488 [m?/s] DHz20N2 = 0,00007596 [m?/s]
DH20,02 = 0,00006861 [m?/s] Dn202 = 0,00004626 [m?/s]
dp =0,066 [m] Dpi1 = 0,32 [m]

Dpl2 = 0,33 [m] Dpr = 0,318 [m]

Ds =0,2993 [m] Dzebra = 0,067 [m]

nar = 0,00002784 nco2 = 0,00001894

nH2o = 0,0000131 nN2 = 0,00002143

noz2 = 0,00002509 [kg/m-s] nsp = 0,00002135 [kg/m-s]
nvz = 0,00002045 [kg/m-s] nze = 0,9986 [-]

G =1,063 [-] H20ksuma = -8,255

hAr,in =52812 hAr,nuI =-13236

harout = 50418 hcozin = -8,850E+06
hcoz,nu = -8,962E+06 hco2,0out = 83681

hH20,n =-1,323E+07 hH20,nul = -1,347E+07
hH20,0ut = 181228 hnzin = 105746

hnznul = -25945 hnzout = 100424

hoz2,in = 94465 hoz,nul = -22777

hoz.out = 89034 he =0,228 [m]

hspin = 139631 [J/kg] hspout = 106316 [J/kg]

hvz = 87362 hvzin = 25104 [J/kg]

hvz,out = 112466 [J‘/kg]‘ hzebra = 0,002 [m]

k.= 6,16 [W/m-K] krt =0,0025 [-]

ks = 30,96 [W/mZ-K]\ kirub = 0,00015 [m]

kv = 31,12 [m?] kzebra = 25,55 [W/mz-K]\

A1 =0,02824 [-] 222=0,1062 [-]

2 = 0,02184 acoz =0,0235

AH20 = 0,02527 N2 =0,03168

202 = 0,03344 asp = 0,03034 [W/m-K]
b = 49,91 [W/m-K] vz = 0,02869 [W/m-K]

ltn = 0,23 [m] Ltub = 6,594 [m]

Lze =1 [m] Lzebra = 2,976 [m]

MWar = 39,95 MWcoz2 = 44,01

MWH2o = 18,02 MWn2 = 28,01

MWo2 =32 msp = 0,438 [kg/s]

mvz = 0,167 [kg/s] N2ksuma = -1,126

Nusiam = 99,33 NUSsp = 107,4

Nusturb = 115,4 Nusvz =270

Nuszebra = 109,8 ncH =1 [-]

np = 10 Nrc = 17,95

np = 1,994 nv = 10,53

nt = 9,965 nv = 1,264
Nzebra =400 [-] O2ksuma = 70,77
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wAr,co2 = 1,175 [-]
wArN2 = 0,101 [-]
Cco2H20 = 1,908 [-]
®C02,02 = 1,197 [-]
®H20,02 = 1,65 [-]
darcoz = 2,444

darN2 = 0,125
¢cozar = 1,509
¢cozN2 = 1,03

¢H20.Ar = 0,8265
¢H20.N2 = 0,6527
oN2Ar = 0,1372
¢N2H20 = 0,6871
$o2Ar = 1,58
¢o2H20 = 0,7797
ovp = 129,7 [rad]
WyArco2 = -35,32
yArN2 = 0,5723
YCo2Ar = 22,92
ycozN2 = 3,879
yH20.Ar = -1,438
yH20N2 =-1,999
yN2Ar = -0,5241
yN2H20 = 2,634
Yo2Ar =-9,768
yo2H20 =2,168
yt=0,3717
pm1 =297,9 [Pa]
pt1 = 169,4 [Pa]
to = 35,17 [Pa
pz1 = 467,3 [Pa
Q = 14592 [W]
Qout =-92,4 [W/m]
par = 1,265
pH2o =0,5705
po2 =1,013
pvz = 1,034 [kg/m]
S =13,01 [m?]
oco2 = 3,941E-10 [m]
oN2 = 3,798E-10 [m]
sumaar = 65,01
sumatz2o = 3,281
sumao2 = 6,917
S2z =0,017 [m?]
sp = 0,004 [m]
Stp = 0,002837 [m?]
Strubka = 0,1 188
stt = 0,01575 [m]
Svzs = 15,76 [m?]
Svz =0,01518 [m?]
Szebra = 0,4109 [m?]

thu =0 [OC]
tsp,in = 126,7 [OC]
tstr,sp =111 ,7
tstr,S,in = 85,63

tsexin = 65,44 [°C]
ts,inin = 65,53 [°C

t =0,07875 [m]

wArH20 = 1,587 [-]
wAr,02 = 1,069 [-]
Co2N2 = 1,122 [-]
H20N2 = 1,482 [-]
®N2,02 = 1,03 []
¢arH20 =0,7925

¢ar02 = 1,405
¢coz,He0 = 0,7066
¢coz02 = 1,18

¢H20,co2 = 1,194
¢H20,02 = 0,7227
¢n2.coz = 1,831

¢N202 = 1,128
$o2,c02 = 2,15
$o2N2 = 1,156

ovs = 109,7 [rad]
yArLH20 = 2,046
yArL02 = 9,728
ycozH20 =1,724
yco202 =5,918
yH20,co2 =-1,878
yH20,02 =-1,707
yN2,co2 =-5,482
yN202 =-11,79
yo2,602 =-7,806
yozN2 =7,301
yze =0,06486
pru = 101325 [Pa]
ptn = 846,6 [Pa]
pv = 1050 [Pa
qin =626,5 [W/m]

R = 8314 [J/kmol/K]
Revz = 27183 []

pcoz =1,394
pN2 = 0,8871
ps» = 0,8518 [kg/m’]
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Rz =0,0001625 [m’K/W]

oAr = 3,542E-10 [m]
oH20 = 2,641E-10 [m]
602 = 3,467E-10 [m]
sumacoz = 29,16
sumanz = 0,5232

Sa2n = 0,08 [m?]
Scalem = 0,5297 [m?]
Sps =0,0006411 [m?]
stub = 0,0015 [m]

sts = 0,02075 [m]

Sw =0,01913 [m?]
Sze =0,3267 [m?]

tin = 36,24 [°C]

to = 0,254 [m]

tspout = 96,7 [OC]
tstr,S,ex = 85,59

tstr,vz = 68,35

tS,ex,out = 105,7 [OC]

tS,in,out = 105,7 c’C]
t = 0,07875 [m]
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tvzout =111,7 [OC]
wco2 = 0,05301 [-]
wN2 = 0,6595 [-]
wsp = 18,25 [m/s]
wvz2 = 10,06 [m/s]
g12=0,4

x13 = 0,6223

x7 = 1,083

x9 = 4,150E+19
xcoz2 =0,03307
xH20 = 0,1733

xN2 = 0,6464
y2=1

ya =1

ys = 0,9259

ys = 1,034
z2=0,8526

z3=1

z5 = 8,327

No unit problems were detected. (101 disabled)

tvzin = 25 [OC]

war =0,01108 []
wH2o = 0,1137 [-]
wo2 = 0,1627 [-]
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Wz = 5,435 [m/s]

g1 =07

x10 = 0,08793
x6 = 1,25

x8 = 0,1269

xar = 0,007616
Xdiagram,1 = 1,333
Xkontrola = 0,2046
x02 =0,1396
y3=1,616

ys= 1,144

y7 =1
z1=49,59

z22 = 1,252

z4 =0,2414
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6.1 ZADANI
tyin = 126,7 [°C] teplota spalin na vstupu
tspiout 96,7 [°C] teplota spalin na vystupu
tsrnz = buzin +2 bmiou stYedni teplota spalin
torsp = Lepin +2 Lspiou stYedni teplota vzduchu
tu 0 [*C]
Poi = 101325 [Pa]
tyzin 25 [°C]
tyzow = 111,7 [°C]
mg, = 0,438 [kg/s] hmot. tok spalin
Wp = 0,01108 [-] hm. kon. Arv sp.
Wcoz = 0,05301 [-] hm. kon. CO2 v sp.
Wi = 0,137 [-] hm. kon. H20 v sp.
Wy, = 0,6595 [-] hm. kon. N2 v sp.
Wo, = 0,1627 [-] hm. kon. O2 v sp.
MW, = MolarMass (Argon ) mol. hm. Ar
MWoo, = MolarMass (CO2 ) mol. hm. CO2
MW o = MolarMass (h20 ) mol. hm. H20
MWy, = MolarMass (N2 ) mol. hm. N2
MWo, = MolarMass (02 ) mol. hm. 02
6.3 TERMOFYZIKALNI VLASTNOSTI TEPLONOSNYCH MEDII
PYevod hm. kon. na obj. kon.
War
Xpr = MW obj. kon. Ar v sp.
War . Weco2 | Whoo . Wno | Wo
MW MW ¢o2 MW 50 MW MW o,
Wco2
Xcoz = Wi Wooz Mv\{/\:ZSZ Wi Wop obj. kon. CO2 v sp.
MW MW ¢o2 MW 50 MW \, MW o,
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XH20

Xo2

PAr

pco2

PH20

PN2

po2

Psp

NAr

ncoz

T H20

N2

no2

OCAr

GCco2

GOH20

G02

WH20
_ MW 20
War Wcoz Whoo | _Wn2 Wo2
MW MW cop MW 20 MW MW o,
Wn2
_ MW \,
War Wco2 WH20 Wn2 Wo2
MW MW cop MW 20 MW MW o,
Wo2
) MW o,
War Weoz | Whoo , Wno | Woo
MW 4 MW cop MW 20 MW 2 MW o,

Hustota spalin

=p (Argon ;T = tstr;sp; P = pnu )
=p (COZ ;T = tstr;sp; P= Prul )

=p (h20 ;T = tstr;sp; P= Prul )

= p(N2 ;T = tyep: P=pou )
= p (02T = tysp;: P = Pru )
= Xar © opar t Xcop
Hustota vzduchu
= p (AIr; T = terz; P = P )

Viskozity prvko ve spalinach

* pcoz t Xuo

= Visc (Argon ;T = teep; P = Pou )

= Visc (C02 ) T= tstr;sp )

= Visc (h20 ;T = tgyep )
= Visc (N2 ;T =ty )
= Visc (02 ;T =ty )
Collision diameters

= 3,542x107"° [m]
= 3,941x107"° [m]
= 2,641x107"°  [m]

= 3,798x107"° [m]

= 3467x107"° [m]

© pH20 T Xn2

pN2 T Xo2 * pPN2

obj. kon. H20 v sp.

obj. kon. N2 v sp.

obj. kon. O2 v sp.

hustota spalin
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Collision integral

oascoz = 1,175 []

®asHzo = 1,587 [-]

oan2 = 0,101 [-]

oa02 = 1,069 [-]

ocozHzo = 1,908 [-]

ocozne = 1,122 []

ocozo2 = 1,197 []

omonNe = 1,482 []

o002 = 1,65 []

onzoz = 1,03 []

Difuzivita prvko ve spalinach

1 1 :
1,858 x1072 - (tyep + 273,15 )(3/2) [ + ]
MW, MW,

DAr;002 >
[GAr + Gco2 ]
1 2— * MAr,Co2
2
1,858x1072 - (ty.e, + 273,15 )(3/2). 1,1
’ MW MW 150
DAr;H2O = >
[GAr + GH20 ]
1 2— * MArH20
1 1 P
1,858 x1072 - (tyep + 273,15 )(3/2) . +
’ MW, MW,
DAr;N2 >
[GAr + one ]
1 2— © OARN2
2
1,858 x107%° - (tgep + 273,15 )(3712). 1,1
| MW, MWo,
DAr;OZ = >
|:C5Ar + 002:|
1 2— * OAr02
1 1 2
1,858 x1072 - (tyep + 273,15 )(3/2) . +
, MW ¢ MW 150
Dcozhzo >
[Gcoz + GH20 ]
1 f * ®CO2;H20
2
1,858x1072 - (ty.e, + 273,15 )(3/2). 1,
’ MW ¢op MW
Dcoznz

2
ccoz t on2
1 —2 © WCO2;N2
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2
1,858 x10% - (tyep + 273,15 )372) . [ 1, ]
MWCOZ MWOZ

Dcoz02 >
cco2 T G602
T [f] T 0C02,02
2
1,858x 107+ (tyep *+ 273,15)(3’2)-[ L ]
Dioona = MW 20 MW o
Y [GHzo + one ]2
1 f © OH20;N2
1 1 T
1,858x1072° - (tyep + 273,15 )32 ) [ + ]
Dh2o:02 MW 120 MW op
Y cH20 t Cco2 :
1 f © OH20;02
25 (312) 1 1 2
1,858 x 10 * (tewsp + 273,15) : +
Dn202 MW o MW o,
N2;

2
on2 t ooz
1 |————| - onzo2

2

Viskozita spalin
R = 8314,3 [J/kmol/K]

R - (tstr;sp + 273:15) T NAr
Pra = MWy, - DAr;COZ

darcoz = 6/5 - 18 -

R - (tstr;sp + 273:15) T NAr
Pra = MWy - DAr;HZO

darH0o = 6/5 - 18 -

R - (tstr;sp + 273:15 ) T NAr

¢A;N2 =6/5 - 1,8 .
' Pra = MWy - DAr;N2

R - (tstr;sp + 273,15 ) T MAr
Pru = MWy - DAr;O2

¢Ar;02 =6/5 - 1,8 .

R - (tstr;sp + 273:15) * Mnco2

dcozar = 6/5 - 18 -
' Pru * MWeco - Darcoz

R - (tstr;sp + 273:15) ncoz

Pra * MWecoz * Deoamizo

dcozto = 6/5 - 18 -

R - (tstr;sp + 273,15 ) * Mco2

dcoone = 6/5 - 18 -
Pra * MWecoz * Deoane

R - (tstr;sp + 273:15) * Mco2
Pru * MWeoz * Deozoz

dcoz02 = 6/5 - 18 -

R - (tstr;sp + 273:15) * NH20
Pru * MWioo - Daghzo

dr2oar = 6/5 - 1,8 -

R - (tstr;sp + 273:15) MNH20

Pra * MWi0 * Deoamizo

OH20co2 = 6/5 - 18 -

R - (tstr;sp + 273,15 ) * MH20
Pru © MWioo * Do

dron2 = 6/5 - 1,8 -
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R - (tswsp + 273,15) * Mio

dH20.02 = 6/5 - 1,8 -
P © MWy Dizoo2
R - (tgpeo + 273,15) -
onzar = 6/5 - 18 - (str,sp ) e
P ~ MW, - DAr;NZ
R - (tgeo + 273,15) -
On2co2 = 6/5 - 1,8 - (str,sp ) NN2
Pru ~ MW, - DC02;N2
R - (tgpeo + 273,15) -
Ono2o = 6/5 - 1,8 - (str,sp ) NN2
P~ MW\, - DH2O;N2
R - (tgpeo + 273,15) -
On2o2 = 6/5 - 1,8 - (S"’SP ) N2
Pra © MW, - DN2;02
R - (tersp *+ 273,15 ) -
doz;ar 6/5-18 - (tosp ) - noz
Pru - MWg, - DAr;02
R - (tersp *+ 273,15 ) -
dozco2 = 6/5 1,8 - (Str,sp ) Moz
Pra - MWy, - DC02;02
R - (tersp *+ 273,15 ) -
dozHo = 6/5 - 1,8 - (str,sp ) - Moz
Pra - MW, - DH20;02
R - (tgpey + 273,15) -
dozNne = 6/5-18 - (Str,sp ) no2
Pra - MW, - DN2;02
X X y
suman = darcoz coz2 dArHZO H2O dano + dmor o2
o Xar Xar
X X <
Sumaco, = ¢cozar A+ heozmzo + —22— + dooanz + doozoz - —22
Xcoz Xcoz Xcoz Xon
X X <
SUMayzo = frzocor © o+ dreow "+ froone + dro02 T
XH20 XH20 Xr120 o~
X X x y
SUMaN, = Gnzar o * Gnzcoz T o * GnzHo | oo * Gnzoz T o
XN2 XN2 Xn2 Xna
X X x «
SUMag, = ¢ozcor o * dozrao | o + Goanz T —o— * oz T o
Xo2 Xo2 Xoo Xo2
Viskozita spalin
Msp = NAr + 1co2 + NH20 . nN2 . noz

1 + sumay, 1 + sumace, 1 + sumayyo 1 + sumay, 1 + sumag,

Viskozita vzduchu
nve = Visc (Air; T =ty )

M/ rna tepelna kapacita spalin

cpa = Cp (Argon ;T= tstsps P = Pru )
CPco2 ~ Cp (C:()2 1T = tstr;sp )
CPH2o = Cp (h20 ;T =ty )

CPn2 = Cp (N2 ;T= tstr;sp )
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CPo2 = Cp (02 ; T= tstr;sp )

CPsp = War ~ CPar ¥ Weco2 *~ CPcoz * Whzo ~ CPH2o + Wnz © CPn2 + Wo2 - CPo2
m/ rna tep. kapacita spalin
M/ rna tepelna kapacita vzduchu
CPpy; = Cp (Ail‘ ;T= tnul )
Tepelna vodivost prvko ve spalinach
7\«Ar = k (Argon ;T= tstr;sp; P = pnul )
7\«CO2 = k (C02 ;T = tstr;sp )
Ao = k (h20 ;T =ty )
7\«N2 = k (N2 ;T= tstr;sp)
7\402 = k (02 ;T= tstr;sp)
B =13
MW, — MWeo, P 15 12 -B +5 MW ¢,
Yarco2 = |fancoz ¢ |1+ : - 1111 + -
MW, + MW o, 4-18 30 - 8- 18 MW, — MWco,
MW, — MWy [ 15 12 - B +5 MW 100
YArH20 = | OArH20 1 + . -1 -1+ .
MWAr + MWH2O 4 : 1,8 30 - 8 b 1,8 MWAr - MWH2O
MW, — MWy, P 15 12 - B + 5 MW y,
yarN2 = [danz ¢ |1+ : - 11|11 + .
MW, + MW, 4-18 30 - 8- 18 MW, — MW,
MW, — MWo, TP 15 12 - B +5 MW o,
Yar02 = |baro2 - 1 + ' -1 1+ '
MWAr + MW02 4 : 1,8 30 - 8 b 1,8 MWAr - MW02
MWco, — MW, P 15 12 -B +5 MW 4
ycozar = |¢cozar ¢ |1+ : - 1111 + -
MWecoz + MWy 418 30 -8-18 MWcor — MW,

= |4 1o+ MWco, — MWypo T ) 15 I PR 12 - B + 5
Y CO2;H20 CO2;H20 MWegy + MW o0 418 30 -8 18 18
]
MWecos — MWypo
T N [MWceo, — MWy, T 15 _ 12-B+5 ] MW y, 1
ycoznz = [dcoaznz t [T * -1 1 +
L L _MWC02 + MWNZ 4 : 1,8 30 - 8 b 1,8 MWC02 - MWNZ ]
T [ [MWco, = MWo, T 15 _ 12-B+5 | MW o, 1
wco202 = |0co202 1+ -1 1 +
I T [ MW, + MW, 418 30 -8 - 18 MWco, — MWo, |
20Ar = -¢ 20; -1 + [MWyp0 = MW, TP7 15 s 12 -B+5 | MW 4, |
Y H20;Ar i H20;Ar i | MW ioo + MW, 4 - 18 30 - 8 - 1,8 MWi0 — MW, |]
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= |4 1o+ MW 0 — MWeo, T ) 15 I PR 12 - B + 5
W H20:CO2 H20;C02 MW,00 + MW oop 218 0 -8 18
]
MWipo — MWco
MW o — MWy, T 15 T 12 -B +5 MW y,
WHoN2 = [dHeon2 C |1 F 1|1+ -
MW oo + MWy, 4138 ] 30 - 8 - 1,8 | |MWo — MWy,

MWipo — MW, T 15 _ 2 B8 -
o = or - |1+ e | N |
W H20;02 [¢H2O,02 [ [MWHzo MW o, ] 4 - .

MWy, — MW, P 15 [ 12 - B + 5 MW
ynzar = [onaar |1 |———| | |—— = 1 [| |1+ .

MWy, + MW, 418 I 30 - 8 - 18 MWy, — MW 4
WN2co2 = [¢N2;COZ : [1 + [

|7 ] el
o = o[+ [ [ [ [ [ ] [ ]

MWyz + MW 50 MWy — MW oo
19 1 1+ 12-B+5 . MW 5,
4 - 1,8 30 - 8 - 1’8 MWN2 _ MW02
15 [ 12 - B + 5 MW A,
A= A |1 F -1 1+ .
WY oA [¢02,A [ [ 4 -18 H L [30 - 8- 1,8] [MW02 - MW, H
MWo, — MWco, T 15 ] 12 -B + 5 MW cos
vozeoz = |onzooz |1 I T w aas N B c e re ] [Mwe, - vw
02 co2 , - , or — oz
MWo, — MWy T 15 1 12 -B + 5 MW o0
YozHo = |dnzH2o | T+ = 1|1+ )
MW02 + MWH2O 4 . 1,8 30 — 8 . 1’8 MW02 _ MWH2O

MWo, — MWy, T 15 12 - B +5 MW y,
yoznz = |Om2onz c [T+ : — 10|11+ .
MW02 + MWNZ 4 : 1,8 30 - 8 b 1,8 MW02 - MWNZ

+

+

MWy, — MW oy ]2
IV|WN2 IV|WCOZ

+

+

= [onaon - [1 + [MWne = MWo, 7.
W N2;02 N2;02 MWN2 + MW02

MWo, — MW, T*7
MWo, + MWy

Xco2 XH20 XN2 X02
Algsuma = 1+ yarcoz * YarH20 + YanN2 * yaro2 -
Ar Ar Ar XAr
XAr XH20 XN2 X02
CO2kquma = 1 + wycozar + ycozH20 - + ycoane + ycoz02
Xcoz Xcoz Xco2 Xco2
XAr Xcoz XN2 Xo2
H20ksuma = 1 + wrooar + yHeoco2 - + yHooN2 + WH20,02
H20 XH20 XH20 XH20
XAr Xco2 XH20 X02
N2isuma = 1 + wnzar - + ynzco2 + ynzH20 + yN202
N2 XN2 N2 XN2
XAr XH20 XN2 XN2
O2kuma = 1 + wozar ° + yozH20 - + yozne ¢ + yozNe
Xo2 Xo2 Xo2 Xo2

Tepelna vodivost spalin

AAr . Ahcoz . AH20 . AN2 . Aoz
Arksuma CO2 ksuma H20 ksuma N2 ksuma 02 ksuma

7\,sp =
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Tepelna vodivost vzduchu

e = k(AT =ty )
6.4 TEPELNA BILANCE
Entalpie spalin pYi 0 °C

hagou = h (Argon ; T =ty ;P =puy )

hcoznw = h (CO2 ;T =ty )

Arzonu = h (h20 ;T=t,, )

Ao = h (N2 T =1ty )

hozna = h (02 ;T =ty )

Viypo
et entalpie spalin na vstupu

Narin = h (Argon v T = tepins P = Pru )
heogin = h (CO2 ;T =ty )
hrzoin = h (h20 ;T = tg, )
hnzin = h (N2 5T = tg, )
hozin = h (02T = tgy, )
Nepin = War - (hAr;in = hagu ) + Wcoz (hCOZ;in = hcognu ) + Who - (hH20;in = hhoo;nu ) + wne (hNZ;in
= hrzna ) *+ Woz + (hozin = hozou
entalpie spalin vstup

Vypo
et entalpie spalin na vystupu

harost = h (Argon 7 T = tspouts P = Pru ) = haenu
hcozost = h (CO2 ;T = teou ) — hcoznu
hrooost = h (20 5T = tgou ) = Nrzomu
hnzowt = h (N2 T = tepout ) = hyznu
hozour = h (02 ;T = teeu ) — hoznu
Nspout = War ~ DNagout + Weoz * Ncozout + Wh2o * Nhzoout + Wiz * Nzt + Woz2 * hozout  entalpie spalin vystup
Q = my - (hepin = Nspou )
vykon vyml{ niku
huzin = h (AIr;T=t,,) — h (Ar;T=t, )

hvz;out = h (Ail‘ ;T= tvz;out ) - h (Ail‘ ;T= tnul )
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hvz = hvz;out - hvz;in
Q

m,, = hmot. tok vzduchu
hvz

6.5 TRUBKOVY SVAZEK

d

0,06 [m] vnitYni prom/ r trubky

dz

0,063 [m] vn/ jai prom/l r trubky

Syuw = 0,0015 [m] tlouaeka st/ ny trubky

Ao = K ("Carbongee ; tswsp ) tepelnd vodivost trubky

Kewo = 0,00015 [m] drsnost trubek

We, = 18,25 [m/s] rychlost proud/ ni spalin - zvoleno po konzultaci

N 4 - mg
t = celkovy po
T d12 * Wep © Psp

gt trubd25 - d, rozte

tirubsk € zvolgnopYi

na rozte
tisubsk c, -ty podélna rozte

drubsk 1
c, = 0,866
6.6 GEOMETRICKE PARAMETRY VYM/ NIKU

Doz = 0,33 [m] vn/jai prom/ r plaat/

Dpir = 0,32 [m] vnitYni prom/ r plaat/
Ds = 0,29925 [m] prom/ r svazku trubek, navrhnuto podle vztahu D4-Dg<=>td>
Iy = 023 [m]

6.7 PXEPA}KY

s, = 0,004 [m] tlouaeka pYepa~ky - zvoleno

t, = 0,254 [m] rozte

dyYepa-@Reavolerio prom/ r df r v pYepa~ce - zvoleno

Do = 0,318 [m] prom/ r pYepa~ky - zvoleno
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po
et chodo

n, = 10 po

b} p Yep ;228 zyoibngyaka p Yepa~ky

Nic =nrp'(np_1)
2 -h Dy
nrp = p pl;1
Co - tt
po
etpYi

n/ obtékanych Yad trubek

6.8 SOUIINITEL PXESTUPU TEPLA Z TRUBKOVE STRANY

Reynoldsovo
islo -> turbulentni proudeni

7\,sp

aSp - —-
CPgp Psp

sou
initel teplotni vodivosti

Pre, = Nep

Psp " Agp

Prandtlovo
islo
Nusg, = 0,023 - Reg, 08 . Prep %4 Nusseltovo
islo Asp
asp = Nusg, -

1
Sou

initel pYestupu tepla spalin

6.9 SOUINITEL PXESTUPU TEPLA ZE STRANY MEZITRUBKOVEHO PROSTORU

Son = (tp - Sy ) Dyi.1  nezapini ny pYoYez mezi jednou rozte
i pYepa~ek I )
yr = 1 - mezerovitost trubkového svazku
6
WVZ = mVZ
SZN T Pvz Yt

rychlost vzduchu v MP
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Reynoldsovo
islo -> turbulentni proudeni

sou
initel teplotni vodivosti

Pr,, =

Prandtlovo
islo

Nus,, = 0,664 - Re,*® - Pr,, ("/%)
0,037 - Re,,”® - Pry,
1 + 2443 - Re,, %' - (Pr,,(?/3) - 1)

Nusturb =

Vypo
et kore
nich faktoro

y, = 1

zml/ na latkovych vlastnosti v mezni vrstv/

3 x pYevod sou

Q‘)ite/g pdestupu tepla z Yady na svazek trubek
; ==
dy

X6 = —_——

ys = 1 Re,>100

xg =
Nt
D, - d, )? T .
n, = (52—2) |:¢vs .~ _ sin (q)vs ):|
8 - t,° - 0,866 180
po

et trubek ve vyYezu pYepa~ky

— . 2— ) _ |:)pl;1
R =N
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uhel vyYezu svazku

ys = 1 — xg + 0,524 - x4 podil podéIn/ obtékanych trubek na pYi

ném prougﬂ n| ve 8yyezu St Sp * Sps ' ,
=04 |——|+1-04 | ————| exp|—-15 " |——
Ve [Stp + s, Sp *+ Sy P S, vliv zkratovych proudo

< (dp? = dy?
Sip =[nt_%]_ﬂ (p4 2") proto

gyproYe;gv pYepa~ge (mezi frybko@éivorgy vipYepa~ce)
ps = 4_ ( 1 — pr : T proto

PR o ece 7 oSBT

pl;1

D, - d
Sy = [Sts + [t—z] Sn]' (tp - Sp) proto
t1

ny proYez zapin/l ného prostoru mezi jednou rozte
spYepabef, — D
Sy = t - d

vzdalenost mezi trubky
Xkontrola = S—S musi byt menai nebo rovno 0,8 -> SPLGUJE!
2Z
yz = 1

Dpy 1 - Ds je velikostn] blizko sy -> y7=1

I, (1-04)
S P
p

Itn

-1 +

p
vliv neopYepa~kvovaného prostorp

05
Nus,, = (0,3 + (Nusturb2 + NUS|am2) ) Y2 Vs Y4 Ys o Ve Y7 Vs

Nus,, - Av
n - dy sou
2

initel pYe6tdpuS@/a INEUERPXESTUPU TEPLA A VELIKOST TEPLOSMI NNE PLOCHY
R, = 0,0001625

sou
initel zanaaeni spalin pYi rychlosti 18 m/s - diagram
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Sou
initelé prostupu tepla a velikost teplosm{ nné plochy

1 . 1 In |:d_2:| . 1 sou
: d1 Olvz d2

"gite/_ prostupu tepla na délku 1
Tood 1, d -In[d—2]+ 1 sou
d1 Olsp 2 Ml

{nite/_ prasiypstepla pa-pldthuna bez kgnageni
In —

In |:tsp;in - tvz;out :| LMTD
tsp;out - tvz;in
Q
SV = —
ks = ti
velikost teplosm{ nné plochy bez uva~ovani zanaaeni
1
ks =g 1 d d 1
_2. +RZ +—2.|n|:_2:|+ sou
d1 Olsp 2 - Mtrub d1 Olvz
igitei prostdpu tepla na plochu - se zanaaeni
ks = tin
velikost teplosm{ nné plochy
Délka trubek ve svazku
Lvwwo = —————— délka vychazi cca 6 metro -> zavadim vnl jai ~ebrovani trubek pro sni~eni délky

ng - n - dp

6.11 }JEBROVANI
Lee = 1 [m]

1 metr ~ebrované trubky
Szebra = 0,001 [m] tlouaeka ~ebra

Nyepra = 400 [-] po

B, geper= 0,067 [m] prom/ r~ebra

D -d
Nebra = Ze;m—[m]z vyaka ~ebra

Drebra = 0,0015 [m] rozte

mezi ~ebry
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hzebra
Xdiagram;1 b
zebra

Olzebra = 0,8 T 0o SOU

fadel g Yestupp ippla 2Rty ~eber

NUS epra * Avz
n - dy sou
2

oo =

initel pYestugx{tep/a ahladké sjrany trubky
T Yze

Nze d2

b Ve

u
innost ~eber

B - |: 2 - QOlzebra :|0’5

Arub  * Ozebra

(G-1)-(1+035-In(G))

Yze =

Dyebra - — dp”
S,e = T Nyepra ° [Zemaz—z] plocha ~eber na 1 metru trubky

Y
Szebra = Ngepra * 2 - 4_ (Dzebra2 - d22 ) tnoc Dzebra * Ozebra * Nzebra
Stubka = T * Nyepra * dp * buepa  hladka plocha na 1 metru trubky
Scelkem = Szebra T Swubka celkova vn/ jai plocha na 1 metru ~ebrované trubky
kzebra = L + 1 . 1 + Strub

1 n o dy Ly Qlsp Atrub sou

Scelkem

- Olzebra ° (Scelkem - (1 - T]ze)' SZG)

glte/ prostupu #@pla ~ebrovanou trubkou
vs T T teplosm/ nnéa plocha pro sou
zebra In

initel prostupu téhjg;~ebrovanou trubkou
i—zebrap P g o0Te délka ~ebrované trubky
S(:elkem - 10

6.12 HYDRAULICKY VYPOIET

Pz1 = Pu + Pm1 tlakové ztraty v trubkovém prostoru

2
_ Psp * Wgp
Pt1 —111'—2 “New * 21 ° 2y
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tlakové ztraty tYenimv TP

R i

Res, (xo + x40 )®'2)

ztratovy sou
initel pro turbulentni proud/ ni

1 16
Xg = (2,457 - In

0.8 substitu
+ 0,27 - ky
Reg,
ni faktor[ 37530 1'®
X190 = [ ] substitu
Regp,
‘2/’ faktorK i ]
Moo= o, stYedni absolutni drsnost st/ ny
1
z Lzebra
di
|:tstr;S;in :|0 ®
Z3
tstr;sp
q - T (tsp;in - tvz;in)
" 1 . 1 I [ da ] . 1 teplota sd/l lena 1 metrem valcové st/ ny
Osp ° d1 2 Atrub d1 Olvz d2
q - T (tsp;out - tvz;out)
out 1 1 [dz] 1
+ In|[—|+ —
Osp ° d1 2 Mtrub d1 Ovz -~ d2
- Qin ., .
tsinin = tspin — — teplota vn/ jai stll ny trubky pYi vstupu
T Qlsp d1
— qout ) 1 ., ,
tsinout = tspout — g teplota vn/ jai stll ny trubky na vystupu
Qasp * U4

- tS;in;in + tS;in;out

tstrsin = > stYedni teplota vnitYni st/ ny trubek

2
- W
Pmt = (&1 "Ny + &2 (ngy — 1)+ 14)- psstp ztraty mistni v TP

Ei1 = 0,7 ztratovy sou
igel prodvatupgatsstpir@drubek v trubkovem svazku

mjtel prombyh mogudu pdomiaXevé ztraty v mezitrubkovém prostoru

_ 2
pto—2'7\,22'nrp'(np—1)'Pvz'sz'222'23'24
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tlakové ztraty pYi pYi
ném obtékani trubek v opYepa~kovaném prostoru
1,33 -
Ao = Czt " |— : Revza1
L
dy
c,q = 0,372
a; = —0,123
Czo = 7
dp, = 0,5
a, = C2
1 + 0,14 - Re,,*
t 1
Zyy = [:t'—sex] zm/ na latkovych viastnosti v mezni vrstv/]
strvz
_ qQin_ 1 1 ) d, ., .
tsexin = tspin — + In (—= || teplota vn/ jai st/ ny trubky pYi vstupu
T Osp -~ d1 2 - Atrub d1
q 1 1 d
tsoxout = tspout — — + ~In [—2 teplota vn/ jai stl] ny trubky na vystupu
I Osp ° d1 2 - Atrub d1
_ tS;ex;in + tS;ex;out L, .,
tstrsex = - 5 stYedni teplota vn/ jai st/ ny trubek
Z3 = Y7

vliv obtokovych proudo

zs = exp|—133 - [1 + Sps [ Ses * S
Sps + Stp SZZ

vliv zkratovych proudo

S
Xq3 = —0,15 . |:1 + ¢:| + 0,8
Sps *+ Sy
Pn = 2 A2z * (nrp + r.|rv)' Ppvz ° sz2 T Zyp t Z3 " Zs
tlakové ztraty pYipYi

ném obtékanim trubek v neopYepa~kovém prostoru

2 .t (2 -02)
zs = 2 - I £ viiv velikosti neopYepa~kovanych prostoro
tn

2
. sz;2
2

Py =N, - (2+06 n,)" pw -z, tlakové ztraty pYipYi

ném obteékani trubekvy prostoru nad seYiznuti pYepa~ek
vz;2 T
(SZZ © Syz )0’5 " Pvz
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rychlost vzduchu vzta~ena ke stYednimu geometrickému pYoYezu Soza Sz

2

proto

gy’ proYeznadyygpa~Key, sin (¢ )
W 360 2 -1

7 - ] nezaplin/ ny pYoYez ve vyYezu nad pYepa~kou

N, 5 >

08 [me + D, ]
= . d — hp
t
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