_ AIR LIQUIDE Specification TAG -No.. FK11074
ﬂ 2 Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH — [o . ASU No. 8 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (ka/h)
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STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol SN
kg/ms
state]  gaseous -
helium He 0,17848
standard density 1,2930 kg/m? argen A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [me/Mh] 18040,71 22762,43 23681,32 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy [Nm?h] 73000,00 97000,00 100000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid Cco 1,2505
charge pressure  p1 [bar] 5,630 5,87 5,81
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,380 5,72 5,66 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,150 0,15 0,15
methane CH, 0,7175
mass flow G [kg/h] 94389,00 125421,00 129300,00 sthyne (acetylens CoH, 1,1715
ethene (ethylene) C,Hy 1,2611
medium density 1 [ka/m?] 5,232 5,51 5,46 othane CHo 1,355
absolute temp. T1 [K] 366,20 368,80 368,40
(inlet side)
spec. volume V2 [me/kg] 0,20 0,19 0,19
at p2and t1
spec. volume  V* [m3/kg] 0,38 0,36 0,36
atpt/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 3440,18 4448,97 4608,31
travel (% Travel indication only depends on valves with
(first give Kvs-val(u(:g 89’33 95190 96,80 equal-% characteristic.
selected  EnBon
Kvs-value Kvs= il 5:;;123‘22700
valve type butterfly valve
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| AIR LIQUIDE Specification TAG-No: FV12005
ﬂ v Calculation of Control (Butterfly-)Valves

Air Liquide AGS GmbH

Project-No.:  K70101

Project: ASU No. 9 KOSICE Page: of:
prassure liquids gases steam
gradient flow (m¥/h) flow (kg/h) flow (m¥/h) flow (kg/h) flow (kg/h)
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STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
mediuny water chemical density
gas symbol SN
state]  liquid -
helium He 0,17848
standard densityy 1000,0000 kg/m? argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 15,30 25,11 45,04 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm*h] 15,30 25,10 45,01 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 9,000 9,00 9,00
(abs.) carbon dioxide co, 1977
discharge pressure  p2 [bar] 1,040 1,04 1,04 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 7,960 7,96 7,96
methane CH, 0,7175
mass flow G [kg/h] 15300,00 25100,00 45010,00 ethyne (acetylene CH, 1,1715
ethene (ethylene) C,H, 1,2611
medium density S [kg/m?} 999,800 999,80 999,40 ethane C,H, 1,355 85
absolute temp. T1[K] 285,30 284,80 288,10
(inlet side)
spec. volume V2 [m¥kg] 0,00 0,00 0,00
at p2 and t1
spec. volume  V* [m*/kg] 0,00 0,00 0,00
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressire gradient superctitical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 542 8,90 16,96
Kv_tot 5,42 8,90 15,96
travel (% Travel Indication only depends on valves with
(first give Kvs-val(uelz 60,94 73759 88152 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

FV12005_cale SPEZBODE.XLS 25.08.1997



I AIR LIQUIDE Specification TAG -No.. FV12005
" Control Valve Characteristic
ﬂ Project No.:  K70101
Air Liquide AGS GmbH |, .. ASU No. 9 KOSICE Page: of:
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| AIR LIQUIDE Specification TAG -No.. FK13006
ﬂ " Calculation of Control (Butterfly-)Valves _
Project-No.:  K70101
Air Liquide AGS GmbH 1, ...\ ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (mdh) flow (kg/h) flow (kg/h)
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SERVICE CONDITIONS s;ﬁ%%?nnw?o?\lEgiggs
medium water chemical density
gas symbol SN
state liquid - kgl
helium He 0,17848
. argon Ar 1,784
standard density] 1000,0000  kg/m®
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m3/h] 19,93 29,66 29,70 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qy[Nm?3/h] 19,92 29,65 29,69 air 1,203
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 9,000 9,00 9,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 7,461 7,78 7,71 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 1,639 1,22 1,29
methane CH, 0,7175
mass flow G [kg/h] 19920,00 29654,00 29691,00 othyne (acetylens CsH, 1,1715
ethene (sthylens) C,H, 1,2611
medium density  $1 [ka/m?] 999,400 999,80 999,80 othane CoH 1,355
absolute temp. T1[K] 288,10 284,80 285,30
(inlet side)
spec. volume V2 [m¥/kg] 0,00 0,00 0,00
at p2and 1
spec. volume  V* [m?/kg] 0,00 0,00 0,00
atp1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 16,06 26,87 26,16
Kv_tot 16,06 26,87 26,16
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 28’44 41 ’5 9 40,91 equal-% characteristic.
selected Kvs= o 26 4.00
Kvs-value - e
valve type butterfly valve
0 | 19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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AIR LIQUIDE Specification TAG-No.. FK13006
Control Valve Characteristic _
Project No.: K70101
Air Liquide AGS GmbH [, .. ASU No. 9 KOSICE Page: of:
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" AIR LIQUIDE Specification TAG -No.. FK13007
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH 1, .. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m/h) flow (kg/h) flow {m?h) flow (kg/h) flow (kg/h)
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STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium water chemical | 9"
gas symbol $N
state liquid el
helium He 0,17848
. argon Ar 1,784
standard density] 1000,0000 kg/m?
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m3/h] 210,17 210,17 210,17 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm®hj 210,00 210,00 210,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 8,000 8,00 8,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 6,480 6,80 6,73 sulfur dioside S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 1,520 1,20 1,27
methane CHy, 0,7175
mass flow G [kg/h] 210000,00 210000,00 210000,00 sthyne (acetylene C.Ho 1,1715
ethene (ethylene) CoH, 1,2611
medium density  $1 [kg/m?] 999,200 999,20 999,20 ethane CoHe 1,355
absolute temp. T1[K] 288,10 284,80 285,30
(inlet side)
spec. volume V2 [m¥kg] 0,00 0,00 0,00
at p2and t1
spec. volume  V* [m3kg] 0,00 0,00 0,00
atpi/2 and tt
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 170,41 191,80 186,44
Kv_tot 170,41 191,80 186,44
travel (% Trave! indication only depends on valves with
(first give Kvs-val(u;g 64’29 67731 66:59 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 119.01.2005 Moller Eichler | Initial Version
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| AIR LIQUIDE Specification TAG -No.. LK13008
ﬂ " Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH |, .. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient fiow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
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STANDARD DENSITIES
SERVICE CONDITIONS OF CONMMON GASES
medium water chemical density
gas symbol SN
state] liquid - il
helium He 0,17848
. argon Ar 1,784
standard density| 1000,0000 kg/m®
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow Q@ [m3¥h] 230,81 240,84 240,89 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nmdh) 230,23 240,10 240,12 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 5,530 5,87 5,81
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,000 2,00 2,00 sulfur dioxide 80, 2,931
{abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 3,530 3,87 3,81
methane CH; 0,7175
mass flow G [kg/h] 230234,00 240095,00 240123,00 ethyne (acetylene CoH, 1,1715
ethens (ethylens) CyH, 1,2611
medium density  §1 [kg/m?] 997,500 996,90 996,80 ethane CoHe 1,355
absolute temp. T1[K] 297,50 300,00 300,10
(inlet side)
spec. volume V2 [m¥kg] 0,00 0,00 0,00
at p2and tt
spec. volume  V* [mP/kg] 0,00 0,00 0,00
atp1/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 122,69 122,24 123,22
Kv_tot 122,69 122,24 123,22
travel (% Travel indication only depends on valves with
(first give KVS-val(ueO!g 40’73 40’63 40’83 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 1 19.01.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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[i AIR LIQUIDE

Specification
Differential Pressure Calculation

TAG - No.:

Project No.: K70101

Air Liquide AGS GmbH

ASU No. 9 KOSICE

LT13013

Project: Page: of:
Designation:
DCAC
SERVICE WATER GAS ABOVE LIQUID AIR
Temperature T= 27 °C Temperature T= 14 °C
Service Density py = 996,9  kg/m?3 Pressure (abs.) = 5,82 bar
Gas Density pg =2 1,07 kg/m?
FILLING OF CAPILLARY TUBES/
MEASURING TUBES SILICONE OIL
Ambient Temperature Ty= 15 °C
Filling Density pr="960  kg/m?d
TANK DISTANCES
Distance between L+-Nozzle and Transmitter 7
(see fig. 1) a=: ‘mm From L+ Nozzle to 0% Level H1 b= 0  mm
Distance between L+ and L- Nozzle B From L+ Nozzle to 100% Level H2 d=: 2100 mm
(see fig. 2) e=" 2100 mm From H1 to H2 c="+2100. mm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
Pu=| LB P4 08110 mbar |- b _po [e=b)__pr e ) gqi 10t mbar
kg!m® mm  kg/m® mm kgim® mm kgim® mm  kg/m® mm
Pu=| P A __pr @ -981-10° mbar Pnz:[ pu_ d . _pe -(e—d)— P -~e—lo9,81~10"mbm'
kg!/m® mm  kglm® mm kg/m* mm kglm®* mm  kglm® mm
Diff. Press. 0% Py = mbar Diff. Press. 0% Pyi= -196,246 mbar
Diff. Press. 100% Py, = mbar Diff. Press. 100%  Pyp= 7,599 mbar
Span  Puoyr = mbar Span Py = 203,845 mbar
L- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
(8] [&] o
© ©
a>0 + H1 |- H1
O O
a=0 7 D: U:
a<0 .|I._ _ l;+_N£)'ZZLI:/ L+ NOZZLE
] 1]
Fig. 1 ‘W.' E OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 ]17.03.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
LT13013_calc.xis SPEZB82DE.XLS 09.09.1997




| AIR LIQUIDE Specification TAG-No:  LK1403

m Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101

Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3h) flow (kg/h) flow (m3/h) flow (ka/h) flow (kg/h)
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SERVICE CONDITIONS Sg/‘:hcl:%?wnw? o[r)\lEgIIS\ISTéES
medium water chemical density
gas symbol N
N n k 3
state; liquid - o
helium He 0,17848
. argon Ar 1,784
standard density] 1000,0000  kg/m?
case 1 case 2 case 3 hydrogen Hy 0,08988
volume flow Q [m¥h] 20,02 30,03 nitrogen N, 1,2504
oxigen 0, 1,429
standard flov ~ Qu[Nm3/h) 20,00 30,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure p1 [bar] 4,000 4,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,970 2,97 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 07718
pressureloss  Ap [bar] 1,030 1,03
methane CH, 0,7175
mass flow G [kg/h] 20000,00 30000,00 othyne (acetylene GCH, 1,1715
athene (ethylene) CoHy 1,2611
medium density M [ka/m?] 999,100 999,10 ethane CoHy 1,355
absolute temp. T1 [K] 289,10 289,10
(inlet side)
spec. volume V2 [mkg] 0,00 0,00
at p2and t1
spec. volume  V* [mfkg] 0,00 0,00
atpi/2and t
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical
flash (%)
Kv_flash
Kv_{iquid 19,72 29,58
Kv_tot 19,72 29,58
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 33’68 44!05 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve

0 19.01.2005 Moller Eichler | Initial Version

Rev. Date Name Checked Change Rev. Date Name Checked Change
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’ AIR LIQUIDE Specification TAG - No.: LT14003
ﬂ " Differential Pressure Calculation
Project No.: K70101
Air Liguide AGS GmbH oo ASU No. 9 KOSICE . i
Project: Page: of;
Designation:
CHILL TOWER
SERVICE WATER GAS ABOVE LIQUID UN2
Temperature T= 10,6 :°C Temperature T="161 °C
Service Density pm = 999,6 - ka/md Pressure (abs.) P=: 1,00  bar
Gas Density pe = 1,175 kg/m?
FILLING OF CAPILLARY TUBES/
MEASURING TUBES SILICONE OIL
Ambient Temperature Ty= 15  °C
Filling Density Pr= 960 kg/ms
TANK DISTANCES
Distance between L+-Nozzle and Transmitter _
(see fig. 1) a=_ mm From L+ Nozzle to 0% Level H1 b= 0 mm
Distance between L+ and L- Nozzle 7 From L+ Nozzle to 100% Level H2 d = 21000 mm
(see fig. 2) e= 2100 mm From H1 to H2 c=i12100"" mm
CALCULATION ACCORDING TO
O Fig. 1 @ Fig. 2
Pa=| P b Pr @) o) 0%mbar Pe| LM b, _po le=b) pr <i]‘9,81~10"mbar
kg/m* mm kg/n® mm kg/m* mm kglm® mm kg/m® mm
Pur= _pu_d __pr a 98110 mbar pm:[ py_ d  ps '(e—d)_ pr 'i]-9,81-10"mbm'
kg/m* mm  kg/m® mm kg/m®> mm  kg/m® mm  kglm®* mm
Diff. Press. 0% Pui = mbar Diff. Press. 0% Pyi= -197,460 mbar
Diff. Press. 100%  Pyy= mbar Diff. Press. 100% Py = 8,155 mbar
Span  Phoy = mbar Span  Pyoni = 205,615 mbar
L- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
[&] [&] ®
e} ©
a>0 + H1 +| |- H1
O O
a=0 7 D: D:
a<0 -|'- i_l;+_NE:ZZLE/ L+ NOZZLE
3 [}
Fig.1 =~ : "'Wr‘ OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 { 17.03.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG-No. TV14010
v Calculation of Control (Butterfly-)Valves
E ( y-) Project-No..  K70101
AlrLiquide AGS GmbH {5, )¢y ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥h) flow (kg/h) flow (mh) flow (kg/h) flow (kg/h)
5 subcrl;ifal Q, 8 *T1 G T 6 5
g |e2> % k= — k= — K= 7= \|—
S < B ] 5 514 yf App2 514 {5 A p2 000 Y Ap
5 5 .
2 i o\ f—— [k o=
g [uperepie 1000*4p Vioorsi-ap Gl G T 6 e
3 |™°7 k= —\f8T1 [z - | v
b pl vi "o
5 |oro & 2671 257p1 Y %, 1000 [q
SERVICE CONDITIONS S;I':l‘::%ﬁg ODNEgiI;'éESS
medium| water chemical density
gas symbol SN
state liquid kgl
helium He 0,17848
. 3 argon Ar 1,784
standard density] 1000,0000 kg/m
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 20,05 30,09 45,15 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?h] 20,00 30,00 45,01 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 5,530 5,87 5,81
(abs.) carbon dioxide o, 1,077
discharge pressure  p2 [bar] 2,967 2,97 2,97 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 07718
pressure loss  Ap [bar] 2,563 2,90 2,84
methane CH, 0,7175
mass flow G [kg/h] 20000,00 30000,00 45010,00 athyne (acetylene CH, 11715
ethene (ethylene) C,H, 1,2611
medium density S} [kg/m?] 997,500 996,90 996,80 ethane C;Hs 1,355
absolute temp. T1 [K] 297,50 300,00 300,10
(Inlet side)
spec. volume V2 [m¥kg] 0,00 0,00 0,00
at p2and t1
spec. volume V* [m¥kg] 0,00 0,00 0,00
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subgritical subcritical
flash (%)
Kv_flash
Kv_liquid 12,51 17,63 26,73
Kv_tot 12,51 17,63 26,73
travel (%) Trave! indication only depends on valves with
{first give Kvs-valuel) 59,92 68,70 79,33 equal-% characteristic.
selected Kvs=
Kvs-value
valve type globe valve
0 |19.01.2005 Moller Eichler | [nitial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
TV14010_calc SPEZBODEXLS 25.08.1897
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UK1

| AIR LIQUIDE Specification TAG -No..  UK15011
m " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH |, . ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h}) flow (ka/h) flow (kg/h)
o subcritical aQ T 71
2 p1 1] H G T1 G \'1’2
§ | o7 k= — = — k,= '\f_
M PR 2 G &§14 Y App2 514 \{5, A2 000 Ap
5 -0\ o o ——
g TR 1000%4p “ioowrRi ap Qu G it G 7
3 p2 21 k= \ 2.2 T 1 = E =
3 Jar > - 257p1 w1 Y 8, 1000 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
9as symbol SN
kg/m®
state| gaseous -
helium He 0,17848
standard density 1,2930 kg/ms argen Ar 1,784
case 1 case 2 case 3 hydragen Hy 0,08988
volume flow Q [md/h] 14111,98 17630,16 18068,83 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm&/h] 72579,00 96400,00 96954,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcoO 1,2505
charge pressure  p1 [bar] 5,50 5,82 5,72
(abs)) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,50 5,82 5,72 sulfur dioxide S0, 2,931
(abs)) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,00 0,00
methane CH, 0,7175
mass flow G [kg/h)] 93844,65 124645,20 125361,52 othyne (acetylene CoH, 1,1715
othene (ethylens) CoH, 1,2611
medium density $1 [kg/m?] 6,65 7,07 6,94 othane CaHs 1,355
absolute temp. T1[K] 288,60 287,00 287,70
(inlet side)
spec. volume V2 [m3kg] 0,15 0,14 0,14
at p2and ti
spec. volume  V* [m%kg] 0,30 0,28 0,29
atpi/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 16456,08 21188,21 21521,80
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 84’65 91 ’1 1 91 ’51 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mébller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
calc.XLS S BPLZBODE XIS 25.08.1997
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L AIR LIQUIDE Specification TAG-No..  UK15012
" Calculation of Control (Butterfly-)Valves

Project-No.: K70101

Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m%h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
% sn;bcri;ig:al . Q, 8T G Tt G Yy
g |7 W= k= —— K, = —_—
g [a< \/T G 514 Y bpp2 514 \{5,7A g2 Vinoo Y Ap
o —_
c ==k, = o | f—— |K=
g [ 1000*4p Viooorgrap O 6 . [T 6 . [
3 |77 k= \ T | k= — | k=
5 foe > £ 257p1 w1y %, 1000 Y pi
SERVICE CONDITIONS STANDARD DENSITEES
medium|  nitrogen chemical | "
gas symbol SN
kg/m®
state gaseous -
helium He 0,17848
standard density 1,2504 kg/m? argen A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m¥/h] 24411,28 24411,28 24411,28 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?/h} 18000,00 18000,00 18000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure p1 [bar] 1,02 1,02 1,02
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,02 1,02 1,02 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,01 0,01
methane CH;, 0,7175
mass flow G [kg/h] 22507,20 22507,20 22507,20 othyne (acetylens)  CoHp 1,1715
ethene (ethylens) C,H, 1,2611
medium density 1 [kg/m?] 0,92 0,92 0,92 othane CoH, 1,355
absolute temp. T1[K] 373,00 373,00 373,00
(inlet side)
spec. volume V2 [m3/kg] 1,09 1,09 1,09
at p2and t1
spec. volume  V* [m¥kg] 2,17 2,17 2,17
atpi/2and t1
RESULTS
casel case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 10616,23 10616,23 10616,23
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 83’81 83’81 83’81 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 1 19.01.2005 Mdbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG -No: UK15013
E " Calculation of Control (Butterfly-)Valves ,
Project-No..  K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3h) flow (kg/h) flow (m3h) flow (kg/h) flow (kg/h)
% st;bcn;:g:al . Q, §. 1 G oF G V7
- R i~ ke — = —
S fapc £ \F 6 514 Y Apm2 514 \S *Apz Voo Y Ap
S — n* [
c = @ v
- o 1000%2p Vioorgi-ap Qu G T1 G W |
] 2 k= 2*T1 kV: — K, = 1
o 1 - |
i 257p1 257p1 Y 8, Viooo ¥ pt |
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemicat | "W
gas symbol SN
kg/m?
state gaseous -
helium He 0,17848
standard density, 1,2930 kg/m?3 argen Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow @ [m®h] 1077,50 1077,50 225,30 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm®h] 5500,00 5500,00 1150,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 5,87 3,10 1,06
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 1,01 1,01 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,857 2,09 0,05
methane CH,4 0,7175
mass flow G [kg/h] 7111,50 7111,50 1486,95 sthyne (acetylens C.H, 1,1715
ethene (ethylene) CuH, 1,2611
medium density 1 [kg/m?] 6,60 6,60 6,60 othane CoHs 1,355
absolute temp. T1[K] 288,00 288,00 288,00
(inlet side)
spec. volume V2 [m¥kg] 0,82 0,82 0,82
at p2 and t1
spec. volume  V* [md/kg] 0,28 0,53 1,56
atpt/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical subcritical
flash (%)
Kv_fiash
Kv_liquid
Kv_tot 70,35 133,22 197,87
travel (% Travel indication only depends on valves with
(first give Kvs-val(u:g 66’20 82:52 92,63 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
UK15013_cale.XLS SPEZBODEXLS 25.08.1997
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UK15

__cak.

AR LlQUIDE§I Specification TAG-No: UK15014
- Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH |, .. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m%h) flow (kg/h) flow (kg/h)
3 subcngg;al Q, g T G T G V7
g pa > 5= = k= — K,= N
S |apc & 2 G 514\ Ap™p2 514 S Az 100 Y Ap
5 —1 = o\ —— %=
g e il 1000+ &p Vinowgrap <8 & i G I
T:; P 21 k‘/: gﬂ.&’r'] - =
g o> £ 257p1 w11 Y 5, 1000 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium nitrogen chomical | 4oV
gas symboi SN
kg/ms
state gaseous -
helium He 0,17848
. argon Ar 1,784
standard density 1,2504 kg/me
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m?3/h] 22643,06 22643,06 22643,06 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?3¥h] 18000,00 18000,00 18000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 1,02 1,02 1,02
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,02 1,02 1,02 sulfur dioxide SO, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,01 0,01
methane CH, 0,7175
mass flow G [kag/h] 22507,20 22507,20 22507,20 othyne (acetylens)  CyHa 1,1715
ethene (ethylense) CoH, 1,2611
medium density S [ka/m?] 0,99 0,99 0,99 sthane CoHy 1,355
absolute temp. T [K] 373,00 373,00 373,00
(inlet side)
spec. volume V2 [m3/kg] 1,08 1,09 1,09
at p2and tt
spec. volume  V* [m¥kg] 2,17 2,17 2,17
atpt1/2 and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 10616,23 10616,23 10616,23
travel (% Travel indication only depends on valves with
(first give Kvs-val(u:!% 83’81 83’81 83’81 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG - No.. UK15016
ﬂ Calculation of Control (Butterfly-)Valves

Project-No.: K70101

Air Liquide AGS GmbH

Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (mdh) flow (kg/h) flow (m¥h) flow (kg/h) flow (kg/h)

% Sl;bcfigfa' ) Qu_ {9.°T1 G T G V2
> e R k= — K, = —
S |ape & \/T G 514 Y hpp2 514 Y5, Az vinoo Y Ap
o et itk —me——
2 =]l = Q »
.% Su:?ircgjcal 1 []DD‘*ﬂ.p \..‘1 DD‘T‘?"*&D QN G T1 G AE
3 P 21 k= Y 85T k= — K, =
5 lop s B~ 2571 270t Y S, 1000 ol
o 2
SERVICE CONDITIONS S;ﬁl\é%?wnlv? O%Egigézs
medium air chemical density
gas symbol SN
kag/ms
state]  gaseous )
helium He 0,17848
standard density 1,2930 kg/m? argen A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m3h] 14872,37 18828,58 19197,78 nitrogen N, 1,2504
oxigen (078 1,429
standard flow  Qy [Nm3/h] 72579,00 96400,00 96954,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure p1 [bar] 5,36 5,62 5,54
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,36 5,62 5,54 suliur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,00 0,00
methane CHy4 0,7175
mass flow G [kg/h] 93844,65 124645,20 125361,52 ethyne (acetylsne)  C.H, 1,1715
ethene (ethylens) C,H, 1,2611
medium density $1 [kg/m?] 6,31 6,62 6,53 othane CoHs 1,355
absolute temp. T1 [K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [m3/kg] 0,16 0,15 0,15
at p2and ti
spec. volume  V* [m?¥/kg] 0,32 0,30 0,31
atp1/2 and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subgcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 16885,02 21901,43 22185,91
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 85131 91 ’96 92,29 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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UK1

| AIR LIQUIDE Specification TAG-No.: UK15017
m " Calculation of Control (Butterfly-)Valves .
Project-No.: K70101
Air Liguide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m?/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
o subcritical Q g T1
% 25 p1 " n " G T G )
- L el [ k= —
S a2 2 6 814 Y Ap¥p2 514 |8, =A 2 \/mnn\ Ap
[s] o ———
- =i, = or | f[—— [k=
N 1000+2p \ioorgi ap Qu 5 T G T
3 |7 = —\J8T1 | k= — -
2 p1 L] -
s Jop > £ 257p1 2571 Y S, 000 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol SN
kg/m?3
state gaseous -
helium He 0,17848
standard density 1,2930 kg/m? aroen A 1res
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 1077,50 1077,50 548,55 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm3/h] 5500,00 5500,00 2800,00 air 1,293
(0°C, 1,013 bar) carbon monoxid GO 1,2505
chargepressure  p1 [bar] 5,87 5,87 5,87
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 5,67 5,82 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,857 0,20 0,05
methane CH, 0,7175
mass fiow G [kg/h] 7111,50 7111,50 3620,40 othyne (acetylens)  C,H, 1,1715
othene (ethylens) CoHy 1,2611
medium density 1 [ka/m?] 6,60 6,60 6,60 othane CoHg 1,355
absolute temp. T1[K] 288,00 288,00 288,00
(inlet side)
spec. volume V2 [md/kg] 0,82 0,15 0,14
at p2 and t1
spec. volume  V* [m¥/kg] 0,28 0,28 0,28
atpt/2and t1
RESULTS
case 1 case 2 cased
pressure gradient supercritical subcritical subcritical
fiash (%)
Kv_flash
Kv_liquid
Kv_tot 70,35 193,90 194,87
travel (% Travel indication only depends on valves with
(first give Kvs-val(u(:!)) 66’20 92’1 1 92524 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 19.01.2005 Mblier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
017 car AL CPEZBODE XLS 25.06.1997
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UK1

_ AIR LIQUIDE Specification TAG -No. UK15018
E " Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH {5, 0 . ASU No. 9 KOSICE Page: o
pressure liquids gases steam
gradient flow (md/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcn;ng:al Qu 9. T G T G ]
g p2r 3 k= — k= — = ——
< | ee< = 21 G 514§ Aptp2 514 Y5, A2 1000  Ap
° el ¢ = QF | f——— |K=
g e 100072p Vinowsi-ap O — 6 . [T 6 [#F
T:) P 21 k.,: QN*T'] KI: R _— =
5 e & 257p1 25701y 5, 1000 gl
SERVICE CONDITIONS Sgﬁhé%?wnw?o?fgis”éis
medium air chemical density
gas symbol SN
kag/m?
state] gaseous -
helium He 0,17848
standard density 1,2930 kg/m3 argon A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m3¥h] 1077,50 1077,50 548,55 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qu[Nm%/h) 5500,00 5500,00 2800,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 5,87 5,87 5,87
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 5,67 5,82 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,857 0,20 0,05
methane CH, 0,7175
mass flow G [kg/h] 7111,50 7111,50 3620,40 sthyne (acetylene)  CoH, 1,1715
ethene (ethylene) CoH, 1,2611
medium density  $1 [ka/m?] 6,60 6,60 6,60 othane oMo 1,355
absolute temp. T1[K] 288,00 288,00 288,00
(inlet side)
spec. volume V2 [m3/kg] 0,82 0,15 0,14
at p2and t1
spec. volume  V* [m/kg] 0,28 0,28 0,28
atpt1/2and i
RESULTS
case 1 case 2 case3
pressure gradient supercritical subcritical subcritical
flash (%)
Kv_flash
Kv_liguid
Kv_tot 70,35 193,90 194,87
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 66,20 92’1 1 92’24 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mélier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
018, Carn XLo SPEZBODEXLS 25.08.1997
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UK1

| AIR LIQUIDE Specification TAG -No.:  UK15021
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH |, . ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m¥h) flow (kg/h) flow (kg/h)
3 subcri&cal Q, Q,°T1 G T1 G V2
g p2 > = (= — k= — kv: o
S lape £ o G 514 Y Lpp2 614 S, Apmpz o0 ¥ Ap
s oot [ e —
5 [hest | 100072p Vinowrsi-ap Q, G o f T G . [&"
3 2 kK= — H{?J’H = — =
5 foe> = 257p1 25701 Y B, 1000 ol
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical | 4"
gas symbol SN
kg/ms
state]  gaseous "
helium He 0,17848
standard density 1,2930 kg/me argen A 178
case 1 case 2 case3 hydrogen H, 0,08988
volumeflow  Q[m¥h] 14111,98 17630,16 18068,83 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow ~ Qy[Nm3/hj 72579,00 96400,00 96954,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 5,50 5,82 5,72
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,50 5,82 5,72 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,00 0,00
methane CH, 0,7175
mass flow G [kg/h] 93844,65 124645,20 125361,52 ethyne (acetylens)  C,H, 1,1715
ethene (ethylene) CzH, 1,261
medium density  $1 [ka/m?] 6,65 7,07 6,94 othane CoHy 1,355
absolute temp. T1 K] 288,60 287,00 287,70
(inlet side)
spec. volume V2 [m3/kg] 0,15 0,14 0,14
at p2and t1
spec. volume  V* [m¥kg] 0,30 0,28 0,29
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
fiash (%)
Kv_flash
Kv_liquid
Kv_tot 16456,08 21188,21 21521,80
travel (% Travel indication only depends on valves with
(first give Kvs-val(ueog 84’65 9N >1 1 91 a5 1 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
SBPT Cak XS SPEZBODE XLS 26081997
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UK1

IR LIQUIDE Specification TAG -No.:  UK15022
" Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (ka/h) flow (md/h) flow (kg/h) flow (ka/h)
3 subcri;ig;al Qy 8.1 G T1 G W2
g pz > 5 k= — k= — = -
S fape pT1 21 814 Y Ap™p2 514 \{S,7hpn2 1000 Y Ap
s k=@ f—— %=
sas “/ -
N e 1000+ 4p Vinorsi ap A 6 . [T 6 . [
3 |7°F k= V9Tt | ke — -
3 2 = e = =
g fop > £ 257p1 w1y B, 1000 §  p
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium nitrogen chemical density
gas symbol SN
kg/m®
state| gaseous -
helium He 0,17848
standard density 1,2504 kg/ms aroen A 1o
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m3h] 24411,28 24411,28 24411,28 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm%h] 18000,00 18000,00 18000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 1,02 1,02 1,02
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,02 1,02 1,02 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,01 0,01
methane CH, 0,7175
mass flow G [kg/h] 22507,20 22507,20 22507,20 othyne (acetylsns)  CpHa 1,1715
othene (ethylens) C,H, 1,2611
medium density  $1 [ka/m?] 0,92 0,92 0,92 othane CyHs 1,355
absolute temp. T1 [K] 373,00 373,00 373,00
(inlet side)
spec. volume V2 [m3/kg] 1,09 1,09 1,09
at p2and tt
spec. volume  V* [m3¥/kg] 2,17 2,17 2,17
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 10616,23 10616,23 10616,23
travel (% Trave! indication only depends on valves with
(first give KVS-val(ugg 83’81 83’81 83’81 equal-% characteristic.
selected SRR N
Kvs-value Kvs= s 20000’00 if
valve type butterfly valve
0 19.01.2005 Mbller Eichler | tnitial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
_caic. XLS SPEZBODE.XLS 25.08.1997
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" AIR LIQUIDE Specification TAG - No. UK15023
ﬂ . Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH 1, . .\ ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3h) flow (kg/h) flow (m%/h) flow (kg/h) flow (kg/h)
o subcritical Q 2 T .
2 p1 " n G T1 G V2
g p2 > 5 = ~— k= —— = —_
g |weL 21 G §14 Y App2 514 5, Ap2 Vinoo Y Ap
‘s -
o\ J—/—— k=
] itical K ¥3q
g o 1000-4p “inorerap Q, 5 T G G
3 P 2 k‘f: - 9Nf|_1 K,= —_ =
> pl 257p1 g Y 1
8 Lp > = 25?}31 N 1000 }Cll
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical denslty
gas symbol SN
ka/m?®
state]  gaseous -
hetium He 0,17848
standard density 1,2930 kg/m3 argon A hres
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m®/h] 1077,50 1077,50 225,30 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm3/h] 5500,00 5500,00 1150,00 air 1,293
(0°C, 1,013 bar) carban monoxid co 1,2505
charge pressure  p1 [bar] 5,87 3,10 1,06
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 1,01 1,01 sultur dioxide 80, 2,93
(abs)) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,857 2,09 0,05
methane CHg 0,7175
mass flow G [kg/h] 7111,50 7111,50 1486,95 sthyne (acetylene CoH, 1,1715
ethene (ethylense) CoH, 1,2611
medium density  $1 [kg/m?) 6,60 6,60 6,60 sthane CoHe 1,355
absolute temp. T1[K] 288,00 288,00 288,00
(inlet side)
spec. volume V2 [mfkg]} 0,82 0,82 0,82
at p2and ti
spec. volume  V* [md/kg] 0,28 0,53 1,56
atpi1/2 and tt
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 70,35 133,22 197,87
travel (% Travel indication only depends on valves with
(first give Kvs-val(ue:!g 66’20 82’52 92’63 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 ] 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
UK15083 cap. i SPEZBODE.XLS 25081997
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_ AIR LIQUIDE Specification TAG -No. UK15024
E " Calculation of Control (Butterfly-)Valves _
Project-No.:  K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥/h) flow (ka/h) flow (ma3/h) flow (kg/h) flow (kg/h)
P subcritical Q T 1
% o > el n n " G T G V2
> Z W= = — K,= _
2 T pT’ \/? G §14 Y App2 514 \{5*App2 Viooo Y Ap
G — A - {k.=
c ars k\f - Q v
2 S“f‘i‘“ﬁ“" 1000%2p Vinowt+ap Qu o T G N
= P 2 kv: 9"-&']-1 k.,: I K, =
2 pl 25701 ¥ g
g Jop > S 287 " 1000 ni
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium{  nitrogen chemical | 4"
gas symbol SN
kgfm?®
state gaseous -
helium Hes 0,17848
standard density 1,2504 kg/m@ argon Ar 1784
case 1 case 2 case 3 hydrogen Hp 0,08988
volume flow Q [m?/h] 22643,06 22643,06 22643,06 nitrogen N, 1,2504
oxigen [ 1,429
standard flow  Qy[Nm?3h] 18000,00 18000,00 18000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure p1 [bar] 1,12 1,12 1,12
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,12 1,12 1,12 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 07718
pressurefoss  Ap [bar] 0,005 0,01 0,01
methane CH, 0,7175
mass flow G [kg/h] 22507,20 22507,20 22507,20 ethyne (acstylene)  CoH, 1,1715
ethene (ethylene) CoH, 1,2611
medium densiy S [kg/m?] 0,99 0,99 0,99 othane CoHs 1,355
absolute temp. T1[K] 473,00 473,00 473,00
(inlet side)
spec. volume V2 [m3kg] 1,26 1,26 1,26
at p2and t1
spec. volume  V* [m3/kg] 2,51 2,561 2,51
atpt/2 and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 11406,23 11406,23 11406,23
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 85’64 85’64 85’64 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
UK1588% " Cak XLo e OPEZBODEXLS  25.08.1907
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| AIR LIQUIDE Specification TAG -No..  UK15026

ﬂ Project-No.: K70101

, Calculation of Control (Butterfly-)Valves

Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: o
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m/h) flow (kg/h) flow (ka/h)

3 subcn;lg:al Gy 8.7T1 G T1 G W2
g | o7 ke —\ j—— k= — k= i
S fane B \/?1— s 514\ Ap*p2 514 \/8 =Apmz “ooo Y Ap
o — Y& e k.=
pus wapy LN 5
R 1ordp | Vimorseae | g 5 . [T o . [7F
3 p §1 k= A Jo. T kg — V{— K, =
3 foe > £ 257p1 7p1 Y 5, 1000 ¥ pi
SERVICE CONDITIONS sgﬁné%%nw? o[y,qu;S\gEIZS
medium air chemical density
gas symbol SN
kg/m?
state gaseous -
helium He 0,17848
standard density 1,2930 kg/m?® sroen A 1red
case 1 case 2 case 3 hydrogen Hy 0,08988
volume flow Q [m¥/h] 14872,37 18828,58 19197,78 nitrogen N, 1,2504
oxigen O, 1,429
standard flow ~ Qy [Nm3/h] 72579,00 96400,00 96954,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
chargepressure  p1 [bar] 5,36 5,62 5,54
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,36 5,62 5,64 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,005 0,00 0,00
methane CH, 0,7175
mass flow G [kg/h] 93844,65 124645,20 125361,52 othyne (acetylene CoH, 1,1715
ethene (ethylene) CgH, 1,2611
medium density  $1 [kag/m?] 6,31 6,62 6,53 sthane CoHs 1,355
absolute temp. T1[K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [md/kg] 0,16 0,15 0,15
at p2 and ti
spec. volume  V* [m3kg] 0,32 0,30 0,31
atpt/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient suberitical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 16885,02 21901,43 22185,91
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 85’31 91 796 92 ,29 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG - No. UK15028
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liguide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
E subcri;ig:al Qe Q.1 G T G V2
g |2z ke —\ f—— k= — - _Z
g |« PT‘ 2 G 814 Y App2 514 YS*hpp2 1000 ¥ Ap
: —} = o\ f—— k=
g e 1000*4p Vioowsi-ap O — 6 o [T 6 . [2F
-g p2 < 5= = 9.1 — . —
O p1 " -
5 lor> 5 257p1 wm7p1 Y B, 1000 ¥ pl
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol $N
ka/ms
state| gaseous -
helium He 0,17848
standard density 1,2930 kg/m? argon Ar 1784
case 1 case 2 case3 hydrogen H, 0,08988
volume flow Q [m¥h] 1077,50 1077,50 548,55 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm3/h] 5500,00 5500,00 2800,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure 1 [bar] 5,87 5,87 5,87
{abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 5,67 5,82 sulfur dioxide 50, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,857 0,20 0,05
methane CH, 0,7175
mass flow G [kg/n) 7111,50 7111,50 3620,40 othyne (acetylens)  C,H, 1,1715
ethene (ethylene) CoH, 1,2611
medium density  $1 [kg/m?] 6,60 6,60 6,60 othane CoHs 1,355
absolute temp. T1 [K] 288,00 288,00 288,00
(inlet side)
spec. volume V2 [md/kg] 0,82 0,15 0,14
at p2and t
spec. volume  V* [m¥kg] 0,28 0,28 0,28
atpi/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 70,35 193,90 194,87
travel (% Travel indication only depends on valves with
(first give Kvs-val(ut:!)) 66’20 92’1 1 92’24 equal-% characteristic.
selected
Kvs=
Kvs-value
valve type butterfly valve
0 | 19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
UK15028cak. XS SPEZB0DERLG 25081697
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PV150;

| AIR LIQUIDE Specification TAG-No: PV15037
ﬂ ™ Calculation of Control (Butterfly-)Valves )
Project-No.:  K70101
Alr Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m%h) flow (kg/h) flow (m%h) flow (kg/h) flow (kg/h)
g subcri't)i::al Q, 8 T G T 6 V2
g |27 8 = W= =\
g |upe el 2 o 514\ Ap'2 514 \f5 App2 1000 ¥ Ap
o [
c — ]k, = 0% | f[——— |k = =
2 [Peperepie 1000+ 4p V000317 Ap Gy 6 i G N*
0 N ks ——\ 8Tl |k — | k==
T o £ 2871 2571 Y %, oo ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol k?lN .
state gaseous o
helium He 0,17848
standard density 1,2930 kg/m? argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 3720,86 3424,16 3365,73 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy [Nm?3/h] 18000,00 18000,00 18000,00 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 5,310 5,77 5,87
(abs.) carban dioxide co, 1,977
discharge pressure  p2 [bar] 1,250 1,17 1,17 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 4,060 4,60 4,70
methane CH, 0,7175
mass flow G [kg/h] 23274,00 23274,00 23274,00 ethyne (acetylene]  C.H, 1,4715
ethene {ethylene) C,H, 1,2611
medium density  SA [ka/m?] 6,255 6,80 6,92 ethane CiHs 1,355
absolute temp. T1 K] 296,10 296,10 296,10
(Intet side)
spec. volume V2 [m¥kg] 0,68 0,73 0,73
at p2 and t1
spec. volume  V* [m%/kg] 0,32 0,29 0,29
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 258,09 237,51 233,46
travel (% Travel Indication only depends on valves with
(first give Kvs-val(ue(g 85’79 83’66 83’23 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
7_calo SPEZBODEXLS 25.0.1997




| AIR LIQUIDE Specification TAG-No: PV15037
ﬂ " Control Valve Characteristic .
Project No.:  K70101
Air Liquide AGS GmbH |5 1. ASU No. 9 KOSICE Page: of:
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| AIR LIQUIDE Specification TAG - No.:  PK15041
ﬂ m Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (md/h) flow (kg/h) flow (kg/h)
E S‘;bf”;'?a' Qu_ [T, G T G V2
> Pe =\ k=~ — K= —
S |ap< PT‘ ” G 814\ Ap¥p2 814 \S, A2 ooo Y Ap
s —
c = QF\ K=
g [uereoal joogrdp | \AnowRiran o 6 . [T 6 . [3F |
= P 2 k'(: 9"*]-1 kV: - K, = 3
3|, 257p1 ¥ g |
g p > = 297p1 n 1000 al
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | 42"
gas symbol SN
kg/m3
state gaseous -
helium He 0,17848
standard density, 1,2504 kg/m? argon Al 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 4041,63 19447,45 21557,56 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?3h] 4648,00 20841,00 23223,00 air 1,293
. (0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure p1 [bar] 1,25 1,17 1,17
(abs) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,07 1,07 1,07 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,180 0,10 0,10
methans CH, 0,7175
mass flow G [kg/h] 5811,86 26059,59 29038,04 sthyne (acetylens C.H, 1,1715
sthene (ethylene) CoH, 1,2611
medium density  §1 [kg/m?] 1,44 1,34 1,35 othane G, 1,355
absolute temp. T1[K] 293,30 294,80 292,90
(inlet side)
spec. volume V2 [m¥kg] 0,81 0,82 0,81
at p2and t1
spec. volume  V* [m?/kg] 1,39 1,50 1,49
atp1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 394,60 2379,86 2643,31
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 20’22 66’1 6 68’84 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
PK150T - Car XLS BPEZBODE. XIS 25.08.1997
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| AIR LIQUIDE Specification TAG-No: TV15043
" Calculation of Control (Butterfly-)Valves
E ( y-) Project-No.:  K70101
Air Liquide AGS GmbH |5 .o . ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m?h) flow (ka/h) flow (m?h) flow (kg/h) flow (kg/h)
§ | suberitical Qu . [T 6_ [T 6 . [Vz
S ey k= k= — k.=
S |aw< B ” & 514 App2 514 \f5,*Ap*p2 1000 ¥ Ap
c — = o\ [—— |k= ——
g [puperorifca 1000%4p Vinow3imap Qu G T G N
L E R = 1
3 21 = QN*TI F = —_— 2 —
i Cn 257p1 2571 Y S, 1000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
mediumi water chemical density
gas symbol SN
stat|  liquid s
helium He 0,17848
standard density 1000,0000 kg/m? argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h} 1,96 1,96 1,96 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm3/h] 1,90 1,90 1,90 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 11,000 11,00 11,00
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar} 4,000 1,00 1,00 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 07718
pressure loss  A\p [bar] 10,000 10,00 10,00
methane CH, 0,7175
mass flow G [kg/h] 1900,00 1900,00 1900,00 sthyne (acetylene}  C,H, 11715
ethene (ethylene) C,H, 1,2611
medium density S1 [kg/m?] 971,700 971,70 971,70 ethane CHs 1,355
absolute temp. T1 K] 353,00 353,00 353,00
(inlet side)
spec. volume V2 [m*/kg] 0,00 0,00 0,00
at p2and ti
spec. volume  V* [m*/kg} 0,00 0,00 0,00
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient superactitical supercritical superctitical
flash (%)
Kv_flash
Kv_liquid 0,61 0,61 0,61
Kv_tot 0,61 0,61 0,61
travel (% Travel indication only depends on valves with
(first give Kvs.val(uetg 75’33 75'33 75,33 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 119.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
- TV15043_calc SPEZEODEXLS 25.08,1967
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UK1

| AIR LIQUIDE Specification TAG -No.. UK15044
E ™ Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m?3/h) flow (ka/h) flow (m%/h) flow (ka/h) flow (ka/h)
g | suborieal Qu f3wTT G_ [ T 6 . V2
5 |0 f ke —\ f—— k= — k= —
% dp < PT1 21 o 814\ Ap*p2 514 {9 A pm2 Moo Y Ap
[¢] - ——
2 - K{: Q* —_— e k-,‘—
£ S:fi’”_'“c‘"“ 1000+ 4p \ioowgiap Qn & T1 6 . [
= 2 k= —— 25T1 kv= e k, =
o i
i 257p1 2571 Y S, Viooo ¥ p
STANDARD DENSITIES
SERVICE CONDITIONS OF COMNON GASES
medium|  nitrogen chemical | 4™
gas symbol SN
kg/m?
state gaseous -
helium He 0,17848
standard density]  1,2504  kg/m? argon Ar 1784
case 1 case 2 case3 hydrogen Ha 0,08988
volumeflow  Q [mdh] 15805,62 16709,13 16635,03 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm3h] 18000,00 18000,00 18000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
chargepressure  p1 [bar] 1,256 1,17 1,17
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bhar] 1,12 1,12 1,12 sulfur dioxide S0, 2,931
(abs.) ammonia NH; 0,7718
pressureloss  Ap [bar] 0,130 0,05 0,05
methane CHy4 0,7175
massflow G [kg/h] 22507,20 22507,20 22507,20 othyne (acetylens)  GpH, 1,1715
ethene (ethylens) C,H, 1,2611
medium density $1 [kg/m?] 1,42 1,35 1,35 othane CoHe 1,355
absolute temp. T1[K] 296,10 292,90 292,30
(inlet side)
spec. volume V2 [m3¥kg] 0,78 0,78 0,77
at p2and tt
spec. volume  V* [m¥kg] 1,41 1,49 1,48
atpi/2 and tt
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
ftash (%)
Kv_flash
Kv_liquid
Kv_tot 1765,93 2832,04 2829,14
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 58’5 3 70,60 70,58 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 { 19.01.2005 Mdller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
_cake.XLS SPEZ80DE XLS  26.08.1097
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UK1

| AIR LIQUIDE Specification TAG-No: UK15045
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH 15, ASU No. 9 KOSICE Page: o:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
g | suboriical Qu, [3TT 6_ [T 6 . [v2
g ey S k= — K,= —_—
g |8 71 G s14 Y bpp2 514 5" App2 WYI00o Y Ap
: —Li = o\ f—— [k=
g oo 1000%4p Vinorrsreap O — G T 6 e
Yy p2 < === —
3 §1 K,»— 914’71 K,: - =
T e £ 257p1 2571 Y S, 1000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | 9"
gas symbol SN
kg/m?
state gaseous -
helium He 0,17848
standard density 1,2504 kg/m3 argon A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow  Q[m2h] 15805,62 16709,13 16635,03 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow ~ Qy [Nmd/h] 18000,00 18000,00 18000,00 air 1,293
{0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 1,25 1,17 1,17
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,12 1,12 1,12 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,130 0,05 0,05
methane CH, 0,7175
mass flow G [kg/h] 22507,20 22507,20 22507,20 sthyne (acstylene)  CH, 1,1715
ethene (ethylene) CoHy 1,2611
medium density  $1 [kg/m?] 1,42 1,35 1,35 ethane CoHlo 1,355
absolute temp. T1[K] 296,10 292,90 292,30
(inlet side)
spec. volume V2 [m¥kg] 0,78 0,78 0,77
at p2and t1
spec. volume  V* [mkg] 1,41 1,49 1,48
atpt/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 1765,93 2832,04 2829,14
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 58’53 70’60 70’58 equal-% characteristic.
selected
Kvs-value Kvs= 3 i
valve type butterfly valve
0 | 19.01.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
045 Cak KLD SPEZBODEXLS 25.08.1897
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PK1

L AIR LIQUIDEt Specification TAG-No..  PK16007
m Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH {5/, ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kag/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcri;ig:al Q, T T G T G V3
g P2 >3 W= k= — = —_—
S apc 1 514 Y bpp2 514 Y5, A pp2 oo Y Ap
‘s —
k= o\ f—— k.=
c itical ] 3
73) 21 KF \ FJQN*T1 = — =
5 fanr 257p1 28701 Y S, 1000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chomical | 9"
gas symbol SN
kg/m3
state gaseous -
helium He 0,17848
standard density 1,2930 kg/me argen A 1,784
case 1 case 2 case3 hydrogen H, 0,08988
volume flow Q [m3/h] 7171,26 8576,38 11769,29 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?3h] 35163,00 43910,00 59074,00 air 1,293
(0°C, 1,013 bar) carbon monoxid GO 1,2505
charge pressure  p1 [bar] 5,38 5,62 5,51
(abs) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,35 5,69 5,48 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,030 0,03 0,03
methane CH, 0,7175
mass flow G [kag/h] 45465,76 56775,63 76382,68 othyne (acetylens C.H, 1,1715
othene (sthylens) C,H, 1,2611
medium density  $1 [kg/m?] 6,34 6,62 6,49 ethane CoHy 1,355
absolute temp. T1[K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [m/kg] 0,16 0,15 0,16
at p2 and t1
spec. volume  V* [m¥kg] 0,32 0,30 0,31
atp1/2 and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcriticat
flash (%)
Kv_flash
Kv_liquid
Kv_tot 3341,21 4081,80 5546,27
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 74,83 79,95 87,78 equal-% characteristic.
selected Kvs= 8944,00
Kvs-value - S
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
007 cap. A LS SPEZ80DENXLS 2508 1997
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HV160

L AIR LIQUIDE Specification TAG - No.: HV16071
ﬂ " Calculation of Control (Butterfly-)Valves .
Project-No.:  K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
prassure liquids gases steam
gradient flow (m®h) flow (ka/h) flow (m?%h) flow (kg/h) flow (kg/h)
g |ouboriieel Qu, [347TH 6. [T 6 . V2
g | = - PRy §
¢ | g 1 5 514\ Aptp2 514 \5rApp2 1000 ¥ Ap
5 A [ 3 -
§ [|supercritica k= @ f—— J= : "
.(% ol 1000 4p '\/IUUU”?'I ~Ap Gy G T1 G h
- 21 k= - \}9{"1'1 k= —_ = —
R L 287 sip1 Y %, 1000 i
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol SN
state| gaseous ol
helium He 0,17848
standard density 1,2930 kg/m? argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 701,20 844,75 1136,48 nitrogen N, 1,2604
oxigen 0, 1,429
standard flow  Qy[Nm?*h] 35163,00 43910,00 59074,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 55,000 57,00 57,00
(abs.) carbon dioxids co, 1977
discharge pressure  p2 [bar] 25,000 25,00 25,00 sulfur dioxide S0, 2,931
(abs.) ammania NH, 0,7718
pressure loss  Ap [bar] 30,000 32,00 32,00
methane CH, 07175
mass flow G [kg/h] 45465,76 56775,63 76382,68 ethyne (acetylene]  C.H, 1,1715
ethene {ethylene) C,H, 1,2611
medium density S [kg/m?] 64,840 67,21 67,21 sthane CiHs 1,355
absolute temp. T1[K] 298,10 298,10 298,10
(inlet side)
spec. volume V2 [m¥kg] 0,03 0,03 0,03
at p2and t1
spec. volume  V* [m¥/kg] 0,03 0,03 0,03
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 48,84 58,85 79,17
travel (% Travel indication only depends on valves with
(first give Kvs.val(uelg 69'67 74'43 82702 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 | 18.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
1_calo SPEZBODEXLS 25.08.1997




L AIR LIQUIDE Specification TAG-No: HV16071

E Project No.:  K70101

Control Valve Characteristic

Air Liquide AGS GmbH o, ¢ ASU No. 9 KOSICE Page: of:
£ £
2 2 =
+ ¥ |
> !
|
[ § |
P! = |
1 | }
[=]
(=]
=

90

80

L 69,67%

KviKvs [%]

0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HV16071_cale SPEZBODE.XLS 25.08.1897




HK1

| AIR LIQUIDE Specification TAG-No: HK16073
ﬂ . Calculation of Contro! (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH oo, ASU No. 9 KOSICE Page: o:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
g subcri;lg:al O 8 1 G T G V2
g [T = k= — K= _
S |apeEt \/T a 514 Y hpp2 514 Y5 =Apmp2 “Vinoo Y Ap
P ~ 3
= Q" — k=
5 itical ’ aJTS
g e 1000+2p Vinorgrap Qu G T1 6 . [~
3 2, k= \ /9T = — \f— =
5 fae 257p1 w71 Y B, 1000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol SN
kg/m?
state gaseous -
helium He 0,17848
standard density 1,2930 kg/m? argen A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow  Q [m3/h] 701,20 844,75 1136,48 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qn [Nm?/h) 35163,00 43910,00 59074,00 air 1,293
(0°C, 1,013 bar) carbon monoxid cO 1,2505
charge pressure  p1 [bar] 55,00 57,00 57,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar} 54,98 56,98 56,98 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,020 0,02 0,02
methanse CH, 0,7175
mass flow G [kg/h] 45465,76 56775,63 76382,68 ethyne (acetylens)  C.H, 1,1715
ethene (ethylene) CHy 1,2611
medium density  $1 [kg/m?] 64,84 67,21 67,21 othane CoHs 1,355
absolute temp. T1[K] 298,10 298,10 298,10
(inlet side)
spec. volume V2 [m3kg] 0,02 0,02 0,02
at p2 and t1
spec. volume  V* [m?fkg] 0,03 0,03 0,03
atp1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liguid
Kv_tot 1280,81 1571,10 2113,67
travel (% Travel indication only depends on valves with
(first give KVS-val(u:g 78’24 83’47 91 :05 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mdoller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
073 car.XLS SPEZBODE.XLS 26.08.1997
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n.l_ll AIR LIQUIDE Specification TAG-No.: FV20001
" Calculation of Control (Butterfly-)Valves
( y ) Project-No.;  K70101
Air Liquide AGS GmbH |5, 0 1, ASU No. 9 KOSICE Page: o
pressure liquids gases steam
gradient flow (m%¥h) flow (ka/h) flow (m%h) flow (kg/h) flow (kg/h)
g subcri;ical Q, g T G T 6 V2
g |e2>g k= — |k=— k= ——\(—
g |oee B o G 814 Y A2 | 514 Y3 rApp2 hooo ¥ Ap
o = 0% - ——
= —Jk,= o*\ f[—— [k -
g e 1000%4p ioowre1man G G T1 6 . [ &*
3 |73 ke ——\/%T1 | k= — K= —=—
5 e & 25t 25T ¥ 3, 1000 Y pi
SERVICE CONDITIONS S;?'\::%An?g ODNEgigéESS
medium| nitrogen chemical density
gas symbol SN
state gaseous el
helium He 0,17848
standard density 1,2504 kg/m? argon A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 180,54 181,74 182,58 nitragen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?¥h] 3500,00 3500,00 3500,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 21,000 21,00 21,00
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar] 20,800 20,80 20,80 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 0,200 0,20 0,20
methane CH, 0,7175
mass flow G [kg/h] 4376,40 4376,40 4376,40 ethyne (acetylene CH, 11715
ethene (ethylene) C,H, 1,2611
medium density S [kg/m?] 24,240 24,08 23,97 ethane CHs 1,355
absolute temp. T4 [K] 293,00 294,80 296,10
(inlet side)
spec. volume V2 [m¥kg] 0,04 0,04 0,04
at p2and t1
spec. volume  V* [m%kg] 0,08 0,08 0,08
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subctitical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 63,90 64,10 64,24
travel (% Travel indication only depends on valves with
(first give Kvs-val(uelg 76’54 76’62 76v67 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 ]19.01.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
FV20001_cale SPEZBODEXLS 26.08.1997
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| AIR LIQUIDE SpeCification TAG -No.:  FV20002
!i ! " Calculation of Control (Butterfly-)Valves
( y-) Project-No.:  K70101
Air Liquide AGS GmbH o5, ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥h) flow (kg/h) flow (m?h) flow (kg/h) flow (kg/h)
g subcri;ical @, Q] G T G 5]
S |, = k= — K= ——\[—
€ |aee £l 2 o 514 \f Ap*p2 514 Y5, Ap2 Viooo ¥ Ap
o k= Q* \ [ [K=
g [uperepe 1000%&p V00w ap G G T 6 . [H"
2 |7 k= \.}9"T1 k= — G2 ———
(5] p1 ~ " a -~ -
5 oo & 25mm 1y 3, 000 ¥ pi
SERVICE CONDITIONS s;?%%ﬁ,& ODNEgiISTéESS
medium nitrogen chemical | oMY
gas symbol SN
kg/m®
state gaseous
helium He 0,17848
standard density 1,2504 kg/m? argen A 1red
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m*h] 180,54 181,74 182,58 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?*/h] 3500,00 3500,00 3500,00 air 1,293
(0°C, 1,013 bar) carbon monoxid [ole] 1,2505
charge pressure  p1 [bar] 21,000 21,00 21,00
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar] 18,000 18,00 18,00 sulfur dioxide 80, 2,031
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 3,000 3,00 3,00
methane CH, 0,7175
massflow G [kg/h] 4376,40 4376,40 4376,40 ethyne (acetylene C,H, 1,4715
ethene (ethylene) CH, 1,261
medium density S [kg/m?] 24,240 24,08 23,97 ethane CHs 1,355
absolute temp. T1 K] 293,00 294,80 296,10
(inlet slde)
spec. volume V2 [m¥kg] 0,05 0,05 0,05
at p2 and t1
spec. volume V* [m3/kg] 0,08 0,08 0,08
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subgcritical subcritlcal subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 17,74 17,79 17,83
travel (% Travel indication only depends on valves with
(first give Kvs-val(u etg 82,62 82170 82,76 equal-% characteristic.
ted
selec Kvs=
Kvs-value
valve type globe valve
0 [19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
FV20002_calc SPEZBODEXLS 25.08.1807




L AIR LIQUIDE Specification TAG-No: FV20002
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| AIR LIQUIDE Specification TAG-No.: HV20003
/L " Calculation of Control (Butterfly-)Valves
. ( y) Project-No.:  K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m*/h) flow (kg/h) flow (m%h) flow (kg/h) flow (kg/h)
% subcri;i::m Q, g T G T 6 v
e k= k= — ke o= \|—
S |2 7 G 514 Y &pp2 514 {5, Ap*p2 Viooo ¥ Ap
‘6 k= Qr\ f—— K= ————
§ [|supercritica A ‘\f "
3 |77 k= \eeTt | k= - | k==
5 loe o & 2671 w1 Y 5, Vinoo ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium nitrogen chemlcal denslty
gas symbol SN
state gaseous ol
helium He 0,17848
standard density 1,2504 kg/m® argan Al 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow @ [m*h] 182,58 nitrogen N, 12504
oxigen 0, 1,429
standard flow  Qy [Nm?*/h] 3500,00 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 21,07
(abs.) carbon dioxide co, 1,077
discharge pressure  p2 [bar] 21,00 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 0,07
methane CH, 0,7175
mass flow G [kg/h] 4376,40 ethyne (acetylene)  CH, 1,715
ethene (ethylene) C,H, 1,261
medium density  S% [kg/m?] 23,97 ethane CHs 1,355
absolute temp. T1 [K] 296,10
(inlet side)
spec. volume V2 [m¥kg] 0,04
at p2 and t1
spec. volume V* [m¥/kg] 0,08
atpt/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical
fiash (%)
Kv_flash
Kv_liquid
Kv_tot 108,07
travel (%) Travel indication only depends on vaives
(first give Kvs-value!) 89,97 ‘ﬂt""“ e
selected Kvs= Required Valve Size:
Kvs-value DN 100
valve type globe valve
0 |02.11.2004 Moller Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HV20003_cale

SPEZBODE.XLS 265.08.1697
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L AIR L.QUDEh Specification TAG -No..  FK20005
E Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH |, .. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3h) flow (kg/h) flow (ma/h) flow (kg/h) flow (kg/h)
g | suborical Qu, [uT1 G_ [T 6 . [vz
g P> 5 k= — k= — k,= R
g |ac 71 G 514 Y hpp2 514 (5,4 1p2 hooo Y Ap
s o\ | o——
2 F—\am k= —\[— | k=
5 o> 2 257p1 25701 Y %, Viooo ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | 42"
gas symbol SN
kg/m?
state| gaseous -
helium He 0,17848
standard density 1,2504 kg/m? argon A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q[m?h] 28614,92 28836,74 29290,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qu[Nm?3h} 29750,00 29750,00 29750,00 air 1,203
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 1,15 1,16 1,15
(abs)) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,12 1,13 1,12 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  A\p [bar] 0,030 0,03 0,03
methane CH, 0,7175
mass flow G [kg/h] 37199,40 37199,40 37199,40 sthyne (acetylene)  CoHa 1,1715
ethene (ethylens) CoH, 1,2611
medium density  $1 [kg/m?] 1,30 1,29 1,27 othane CaHs 1,355
absolute temp. T1 [K] 293,00 294,80 296,10
(inlet side)
spec. volume V2 [m¥/kg] 0,78 0,77 0,78
at p2 and t1
spec. volume  V* [m¥kg] 1,51 1,51 1,53
atp1/2 and ti
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 6043,83 6035,49 6075,72
travel (%) Travel indication only depends on vaives with
(first give Kvs-valuel) 81 '20 81 ’1 6 81 733 equal-% characteristic.
selected Cior1100
Kvs-value Kvs= 1 261
valve type butterfly valve
0 | 19.01.2005 Mélier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Narme Checked Change
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_ AIR LIQUIDE Specification TAG - No.. FK20006
: " Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (ka/h)
o subcritical Q T T
% 02> pl n " o G T1 G 2
? 2 - —— kv: —_—
g |apc & \/T 6 614 Y Ap'p2 514 S *App2 “Wnoo ¥ Ap
‘s -
; — = o\ J—— [k
g [ 1000*&p V100073 1" Ap Qu & it 6 . [+
3 |70 k= A /Q,m = — =
5 |ee> =- 257p1 25701 Y 5, 1000 pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemicat | 4"
gas symbol N
kg/ms
state gaseous -
helium He 0,17848
standard density 1,2504 kg/m? argen Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q[m%h] 7384,25 14768,50 29290,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm3/h} 7500,00 15000,00 29750,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 1,15 1,15 1,15
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,11 1,11 1,11 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,040 0,04 0,04
methane CH, 0,7175
mass flow G [kg/h] 9378,00 18756,00 37199,40 ethyne (acetylens)  C,H, 1,1715
ethene (ethylens) CoH, 1,261
medium density  $1 [ka/m?] 1,27 1,27 1,27 ethane CoMe 1,355
absolute temp. T1[K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [m3/kg] 0,79 0,79 0,79
at p2and ti
spec. volume  V* [m3/kg] 1,563 1,63 1,63
atp1/2 and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 1332,45 2664,90 5285,38
travel (% Travel indication only depends on valves with
(first give Kvs-val(ug!)) 54’07 71 ’79 89:30 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly vaive
0 | 19.01.2005 Mblier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
FKQL%UEAcab. LS SPEZBODE.XLS 25.08.1997
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| AIR LIQUIDE Specification TAG-No.. TV20008
ﬂ Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH |5, ... ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
E Szbfng?a[ y Qu_ BT G W G V2
g p > = — k= — K= I
% ap < %1 2 o 614 | Apop2 514 Y8 App2 Aooo Y Ap |
: = o\ f—— k= ——
itical FIq*
T 1000+ 4y Vinowg1+ap Q, 5 iT G e
3 2 k'f: gufr'] k,,: I kv =
< pl 257p1 ¥ 9
g |ae > 5 / 257p1 " 1000 ol
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical | 2"
gas symbol SN
state liquid - kol
helium He 0,17848
standard density 1,2930 kg/ms argen A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [mdh] 40,73 51,36 63,38 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy[Nm?Mh] 27793,00 35140,00 44608,00 air 1,293
(0°C, 1,013 bar) carbon monoxid Cco 1,2505
charge pressure  p1 [bar] 54,880 56,83 56,80
{abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,300 5,47 5,40 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 49,580 51,36 51,40
methane CH, 0,7175
mass flow G [kg/h] 35936,35 45436,02 57678,14 othyne (acetylene)  CoH, 1,1715
ethene (sthylens) CoH, 1,261
medium density S [kag/m?] 750,000 752,00 728,00 othane CyHy 1,355
absolute temp. T [K] 106,20 106,00 110,40
(inlet side)
spec. volume V2 [m¥kg] 0,06 0,06 0,06
at p2and t1
spec. volume  V* [m3kg] 0,01 0,01 0,01
atpi/2zand ti
RESULTS
case 1 case 2 case3
pressure gradient supercritical supercritical supercritical
flash (%) 15,00 15,00 20,00
Kv_flash 3,46 4,23 7.30
Kv_liquid 5,01 6,21 7.54
Kv_tot 8,47 10,44 14,85
travel (% Travel indication only depends on valves with
(first give Kvs-val(ueo!)) 63’74 69’08 78’08 equal-% characteristic.
selected [
Kvs-value Kvs= i 35’00
valve type globe valve
0 | 17.11.2004 Mébller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
TV20 _calc. XLS SPEZSODEXLS 25.08.1997




L AIR LIQUIDE Specification TAG-No. TV20008
ﬂ n Control Valve Characteristic .
Project No.: K70101
Alr Liquide AGS GmbH {5 /q1: ASU No. 9 KOSICE Page: o:
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L AIR LIQUIDE Specification TAG-No: HV20013
!i! v Calculation of Control (Butterfly-)Valves
( Y ) Project-No.:  K70101
Air Liquide AGS GmbH 15, 6 1. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m*h) flow (kg/h) flow (kg/h)
O Q. [3.7T1 6 [T 6 . [vz
g P23 k= k= — kv: -
e lap< ';—1 91 G 514\ App2 614 \3 hp*p2 \iogo Y Ap
s e 0\ ke =
£ 'Sssircﬁca 1000 4p Vioorsteao k= O /9T € T G W
= = ) ke — \y— K,z ——
3 oo & 2671 267p1 Y %, Vinoo Vo pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium oxigen chemlcal density
gas symbol SN
kg/m®
state gaseous
helium He 0,17848
standard density 1,4290 kg/m? argen A 784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 2,86 6,56 14,90 nitragen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?*/h] 200,00 110,00 250,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p4 [bar] 28,00 28,00 28,00
(abs.) carbon dioxide CcO, 1,977
discharge pressure  p2 [bar] 27,80 27,80 27,80 sulfur dioxide S0, 2,931
{abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 0,20 0,20 0,20
methane CH, 0,7176
mass flow G [kg/h] 285,80 157,19 357,25 ethyne (acetylene C.H; 1,1715
ethene (ethylene) C,H, 1.2611
medium density S [kg/m?] 100,00 23,97 23,97 ethane C,Hs 1,355
absolute temp. T1[K] 296,10 296,10 296,10
(Inlet side)
spec. volume V2 [m¥kg] 0,03 0,03 0,03
at p2 and t1
spec. volume  V* [m¥kg] 0,05 0,05 0,05
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical suberitical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 3,39 1,87 4,24
travel (% Travel indication only depends on valves
(first give Kvs—val(uetg 72,38 57,10 78,09 with
selected Kvs= Required Valve Size:
Kvs-value s= DN 100
valve type globe valve
0 |02.11.2004 Moller Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HV20013_cale SPEZBODEXLS 25.08.1997




L AIR LIQUIDE Specification TAG-No: HV20013

Control Valve Characteristi
ﬂ © cleristic Project No.:  K70101

Air Liquide AGS GmbH

Projekt: ASU No. 9 KOSICE Page: of:

——— +10%
e 10%

100 TRAVEL [%]

80

80

70

60

50

40

30

20

10

= = o
S
0
>
<
>
X
0 38293 Mobller Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

HV20013_calc SPEZBODE.XLS 26.08.1997



Art.- /
FLOWSERVE SERIE 035000 Nr 1048959

S
KZmmer Ventile Datum |28.01.2005[Name| na

Order: C/ 310

DN/Size: 25
PN/Class: 40
Geh.-Material: 2.4360 @
=
Ventittyp:  350P2 §
Antrieb: P2-23 %
<
Serien-Nr. | Melisfelle D184 |
*
1 HV 20013
2 HV 20014
-
M

o
(@)
~F

] Lo

I e

. | -

B ’ B
160

FLOWSERVE ESSEN GMBH - MANDERSCHEIDTSTR.19 - D-45141 ESSEN 1 - TEL..(020189195




%/ ,
s
D L.

N

™\
§§?
A
AN
NN
S\
AN

7

A Ul O

A ;
/ ! / |
/ i
7 - 2
L il —
. NN - AL
,.__\\_\__ Q — — __\
b ~— — _ l
|
i
Datum Name |DN_Size [ 25 [PN_Class [ 40
Bearb 07.02.2003 RK DURCHGANGSVENTIL
~ | [o2l07022003 (U FEDERBELASTETE STOPFBUCHSE
Kdmmer Ventile —=-¢— 2200 — — —
o 4 1049071 |
Nr.: 1:1
Rev.| Anderungs-Nr. | Datum [Name|Blal! BL Ersetzt: |Erselzt durch:

Schutzvermerk nach DIN 34 Beachien




11 6-KT MUTTER M10 A? 4 0100336A27
10 UBERWURFMUTTER M30x1.5 1.430b6 1 025530605
9 NUTMUTTER M30x1.5H A2 1 0100387A2
8 6-KT MUTTER M10 A2 b 0100336A7
7 STIFTSCHRAUBE M10X40 A2 4 D101324A7
6 PACKUNG-KOMPLETT FEDERBEL. PTFE 1 025602500
5 DI CHTUNG PTFE 1 35535 1PT
4 SPINDEL MIT KEGEL 2.4360 1 ¥019891
3 SITZRING 2. 4360 1 1012056
2 AUFSATZ 2. 4360 1 1012055
1 BEHAUSE DN25 PN4O FORM C 2.4360 1 1049044
TEIL BENENNUNG WERKSTOFF ST. ART . /ZEICHN NR.
Datum Name |DN_Size |25 [PN_Class | 40
Bearb |07.02.2005] RK STUCKUSTE
G .
- [o07.0220000 QU DURCHGANGSVENT I L
T . Serie 035000
hammgr Véﬂi’iié ZUSAMMENSTELLUNG DIN A /] O 4 9 O 7 /’ Maflslab
Ve
049071 4 "
Rev | Anderungs-Nr .| Datum |Name|Blatt |BL Ersetzt: IErsetzt durch:

Schutzvermerk noch DIN 34 Bsachlen




| AIR LIQUIDE Specification TAG-No.: UK20013
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3h) flow (kg/h) flow (kg/h)
3 subcrigg:al Qu g1 G g G )
g |z k= — ke — k= —
S |apc B 71 6 514 Y Lpp2 514 Y5, 4172 oo Y Ap
E ercriticall ko=@ k= *
'% S:;) g ﬂ 1 DUU*.&D '\ADDU*EW ﬂp @-u e} T G A
El 2 k= VAT | k= K, =
5 |or>B- 257p1 2571 Y S, “iooo ¥ p
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium oxigen chemical | "
gas symbol SN
kg/ms
state]  gaseous -
helium He 0,17848
standard density 1,4290 kg/m? argen A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 285,80 655,78 1490,40 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qu[Nm¥h] 20000,00 11000,00 25000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 28,00 28,00 28,00
(abs) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 27,80 27,80 27,80 sulfur dioxide 80, 2,931
(abs.) ammaonia NH,4 0,7718
pressureloss  Ap [bar] 0,20 0,20 0,20
methane CH, 0,7175
mass flow G [kg/h] 28580,00 15719,00 35725,00 othyne (acetylens)  CH, 1,1715
ethens (ethylene) CoHy 1,2611
medium density  $1 [kg/m?] 100,00 23,97 23,97 ethans CoHe 1,355
absolute temp. T1[K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [m¥kg] 0,03 0,03 0,03
at p2 and tt
spec. volume  V* [m3/kg] 0,05 0,05 0,05
atpi/2and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 339,44 186,69 424,30
travel (%) Trave! indication only depends on valves with
(first give Kvs-valuet) 84’1 9 68’91 89990 equal-% characteristic.
selected Required Valve Size:
Kvs-value Kvs= DN 100
valve type globe valve
0 | 02.11.2004 Mbller Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
UK208TS cac XLo “SPEZBODEXLS  25.08.1997
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UK2

__ AIR LIQUIDE Specification TAG - No..  UK20026
7 Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m%/h) flow (ka/h) flow (m3/h) flow (ka/h) flow (kg/h)
3 subcngg:al Qn 8.1 G T G V7
g P2 z T W= h— k,,: _— { = ——
S lapc B v G 614 Y App2 514 Y5, = A2 “iooo Y Ap
% supercricall ¥ @ K= '\/ N
3 2 ke —— /%1 | ke — =
5 e & 257p1 257p1 Y 8, 1000 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chomical | 2"
gas symbol SN
kgfm?
state gaseous -
hetium He 0,17848
standard density| 1,2930 kg/m3 argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow  Q[m/h] 4648,65 10052,59 10271,53 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm3/h] 22686,00 51468,00 51874,00 air 1,293
(0°C, 1,013 bar) carbon monoxid Cco 1,2505
charge pressure  pi [bar] 5,36 5,62 5,54
(abs.) carbon dioxide GO, 1,977
discharge pressure  p2 [bar] 5,34 5,60 5,62 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,020 0,02 0,02
methans CH, 0,7175
mass flow G [kg/h] 29333,00 66548,12 67073,08 ethyne (acetylene) C.H, 1,1715
ethene (sethylens) CoH, 1,2611
medium density  $1 [kg/m?3] 6,31 6,62 6,53 othane CH, 1,355
absolute temp. T1 K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [m¥kg] 0,16 0,15 0,156
at p2and t1
spec. volume  V* [m¥/kg] 0,32 0,30 0,31
atpi/2and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 2642,58 5854,42 5943,20
travel (% Travel indication only depends on valves with
(first give K\IS-VaI(ueo!)) 68’83 89’1 7 89,55 equal-% characteristic.
selected B
- a4,
Kvs-value Kvs= 89"‘
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
0 cakc. XLS “SPEZBODE XLS 25081907
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UK2

" AIR LIQUIDE Specification TAG-No..  UK20027
m " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH — p ey, ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcn;x;:al Qy, 8.7 T G T1 G W2
g P2 > 5 =\ j— k= — = S
S |ap< 221 21 G 514 Y Lpp2 514 S, xhpp2 1000 § Ap
| k= o) f—— [k=
g e 1000+ 2p Vinor?iap Qn & T1 G T
3 |° 2, ks ——\ /9T = — =
5 |ap > - 257p1 w71y 3, 1000 ¥ p
SERVICE CONDITIONS Sgﬁhé%ﬁnnw? OEI)“Eng\SITéI;S
medium air chemical density
gas symbol N
ka/m?
state gaseous -
helium He 0,17848
standard density| 1,2930 kg/me argen A 1784
case 1 case 2 cased hydrogen H, 0,08988
volume flow  Q [m¥h] 1967,16 1875,05 990,05 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow ~ Qy [Nm?/h] 9600,00 9600,00 5000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure p1 [bar] 5,62 5,62 5,62
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 3,30 5,60 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,607 2,32 0,02
methane CH, 0,7175
mass flow G [kg/h] 12412,80 12412,80 6465,00 othyne (acelylens)  CoHa 1,1715
ethene (ethylene) CoH, 1,2611
medium density 1 [kg/m?] 6,31 6,62 6,53 othans CoHlg 1,355
absolute temp. T [K] 296,10 296,10 296,10
(inlet side)
spec. volume V2 [m¥kg] 0,84 0,26 0,15
at p2and t1
spec. volume  V* [m3kg] 0,30 0,30 0,30
atpi1/2 and t1
RESULTS
case 1 case 2 case3
pressure gradient supercritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 130,05 132,08 568,74
travel (% Travel indication only depends on valves with
(first give Kvs-val(u;!)) 57’38 57’77 95,1 0 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
T R AR SPEZBODEXLS 25.08.1997




| AIR LIQUIDE Specification TAG-No..  UK20027
E " Control Valve Characteristic
Project No.: K70101
Air Liquide AGS GmbH |, . ASU No. 9 KOSICE Page: of:
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LIQUIDE

{ AIR
A

Specification
Differential Pressure Calculation

Air Liquide AGS GmbH

ASU No. 9 KOSICE

TAG - No.:

Project No.: K70101

LT21003

Project: Page: of:
Designation:
SUMP HP-COLUMN
SERVICE CLOX GAS ABOVE LIQUID GAN
Temperature T=-1741 °C Temperature T= -1741 °C
Service Density pm= 822  kg/m? Pressure (abs.) P=: 5,46 bar
Gas Density pe =" 21,3 kg/m?

FILLING OF CAPILLARY TUBES/
MEASURING TUBES GAN
Ambient Temperature Ty= 15 °C
Filling Density Ppr= 6,4  kg/m?
TANK DISTANCES
Distance between L+-Nozzle and Transmitter
(see fig. 1) a=_ mm From L+ Nozzle to 0% Level H1 b= 0 .mm
Distance between L+ and L- Nozzle o From L+ Nozzle to 100% Level H2 d= 3698 mm
(see fig. 2) e= 3698 ‘mm From H1 to H2 c=/ 3698 ‘mm

CALCULATION ACCORDING TO

O Fig. 1 @ Fig. 2
Pm= pu_ b __pr_ @ -9.81-10% mbar P =| LY ~l)—+ pe ‘(e—b)_ Pr_. €. -9,81-10” mbar
kg!m® mm  kglm® mm kg/m® mm  kg/m® mm  kg/m® mm
P = _pu_d __pr a -981-10° mbar Pnz:[ pi ~i+ pe '(e—d)_ pr '—‘3——]-9,81'10”mbar
kg/m®* mm kg/m® mm kg/m® mm  kglm® mm kg/m® mm
Diff. Press. 0% Pui = mbar Diff. Press. 0% Py = 5,403 mbar
Diff. Press. 100%  Pypo= mbar Diff. Press. 100%  Py,= 295,777 mbar
Span  Pyoyy = mbar Span Py = 290,374 mbar
L- NOZZLE ~_
H2 H2
TRANSMITTER TRANSMITTER
e o ) ®
o ©
a>0 + H1 + - H1
a ol
ot—— i
a<0 _;;_ l_lj—N_OIZZLI:/ L+ NOZZLE
1 1
Fig. 1 ‘:7741: OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG-No.: LT21060
E " Differential Pressure Calculation
Project No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: o
Designation:
AIR SEPARATOR
SERVICE LIQUID AIR GAS ABOVE LIQUID AIR
Temperature T=i -175,6 °C Temperature T=> <168 °C
Service Density pm=i 780  kg/m? Pressure (abs.) P=. 547 Dbar
Gas Density pe =/ 20,3 kg/m?
FILLING OF CAPILLARY TUBES/
MEASURING TUBES AIR
Ambient Temperature Ty= 15 °C
Filling Density pr= 6,62 kg/md
TANK DISTANCES
Distance between L+-Nozzle and Transmitter 7 )
(see fig. 1) a=. .. mm From L+ Nozzle to 0% Level H1 b= 0 mm
Distance between L+ and L- Nozzle - From L+ Nozzle to 100% LevelH2 d={ 2360 .mm
(see fig. 2) e= 2360 mm From H1 to H2 c=. 2360 mm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
Pin= py b pr @ 98110 mbar sz[ pu_ b, _ps le=b)__pr -—e—]-9,81~10"mbar
kg/m® mm  kg/m® mm kg/m* mm  kgl/m* mm  kglm® mm
P =| P 4 __pr a -9.81-10" mbar Pm:[ pu ~—£1—+ pe .(e—-d)_ P --g—]-9,81-10"mbar
kg!m® mm  kg/m® mm kg/m® mm kglw® mm  kglm® mm
Diff. Press. 0% Py = mbar Diff. Press. 0% Py = 3,166 mbar
Diff. Press. 100% Py = mbar Diff. Press. 100%  Py,= 178,989 mbar
Span  Puor = mbar Span Py = 175,823 mbar
L- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
i &) [ o
© el
a>o0 + H1 +| |- H1
£0 0
a=0 U: I
a<0 -';- _I;+_N:?)IZZLE/ L+ NOZZLE
1 ]
Fig. 1 E '"‘!W OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT21060 _calc.xls
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L AIR LIQUIDE Specification TAG-No: LV21003
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam |
gradient flow (m3h) flow (kg/h) flow (m3/h) flow (ka/h) flow (kg/h) |
§ subcn;l;;al Oy g1 G 71 6 V7
g p2 > 5 = k= — = e
E>f ap < DT1 \/T 6 814 App2 514 S xhpmz oo Y Ap
o —rEt Je ™ Qk =
c ey ky - Q K
£ S:fefcﬂca" 1000+ 4p \iooogieap Q G T 6 . [z~
El 2 k= —— '\'JQN*T1 =} — k,=
o 1
5 for > & 257p1 2wt ¥ 8, Mooo ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
. density
medium oxygen chemical
gas symbol $N
state liquid - kgl
helium He 0,17848
standard density 1,4290 kg/m?3 argen Ar 1,784
case 1 case 2 case3 hydrogen Hp 0,08988
volume flow Q [m¥/h] 46,25 74,48 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow ~ Qu[Nmeh]|  31986,00 47247,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
chargepressure  p1 [bar] 5,020 5,20
(abs.) carbon dioxide CO. 1,977
discharge pressure  p2 [bar] 3,690 2,50 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 1,330 2,70
methane CH, 0,7175
massflow G [kg/h] 45707,99 67515,96 othyne (acetylens)  CHa 1,1715
othene (ethylens) CoHs 1,2611
medium density 1 [kg/m?] 840,000 834,00 othane GH, | 1,355 85
absolute temp. T1[K] 96,20 96,70
(inlet side)
spec. volume V2 [m¥kg] 0,07 0,10
at p2and t1
spec. volume  V* [mafkg} 0,10 0,10
atp1/2 and 1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical supercritical
flash (%) 15,00 8,00
Kv_flash 49,40 33,25
Kv_liquid 36,76 41,39
Kv_tot 86,16 74,64
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 72’77 69;1 0 equal-% characteristic.
selected U aEn nR
Kvs-value Kvs= : 50’00 e
valve type globe valve
0 | 17.11.2004 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
LV2{003 cak xLS CPLZB0DEXLS 25.08.1997
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" AIR LIOQUIDE Specification TAG -No. HV21006
ﬂ " Calculation of Control (Butterfly-)Valves _
Project-No.:  K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥/h) flow (ka/h) flow (m3/h) flow (kg/h) flow (ka/h)
3 subcngg:al Qn g T G T G V7
g pZ > _2— kq: I —— = S
S fape 2t o1 G 814 Y Lhpp2 514 5,742 Vaooo Y ap
H —y = o\ —— [k = T——
g [pupercpid 1000%2p Vinorgrap Qy 5 T G HE
S p2 ¢ == k= - ) _
a 1 ‘o ?N*T1 — =
5 fae & 257m 2501 Y F, 1000 4!
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | ©o"o
9as symbol SN
state liquid - kgl
helium He 0,17848
standard density 1,2504 kg/m? argon Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [md/h] 47,33 62,64 65,58 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qu [Nm?3/h] 27251,00 36017,00 37658,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 5,205 5,29 5,33
(abs.) carban dioxide CO, 1,977
discharge pressure  p2 [bar] 5,170 5,26 5,30 suliur dioxide SO, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,035 0,03 0,03
methane CH, 0,7175
mass flow G [kg/h] 34074,65 45035,66 47087,56 ethyne (acetylene)  CHp 1,1715
ethene (ethylens) CoH, 1,2611
medium density S [kg/m?] 720,000 719,00 718,00 ethane CH, | 1,355 85
absolute temp. T [K] 94,50 94,70 94,80
(inlet side)
spec. volume V2 [m¥kg] 0,05 0,05 0,05
at p2 and tt
spec. volume  V* [m¥kg} 0,11 0,11 0,11
atpi/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient subgcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 213,69 334,13 349,94
Kv_tot 213,69 334,13 349,94
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 68’25 79’67 80186 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 | 17.11.2004 Mébller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
caie.XLS SPEZ8ODEXLS 25.08.1997
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| AIR LIQUIDE Specification TAG -No:  HV21014
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH {5, . ASU No. 9 KOSICE Page: o:
pressure liquids gases steam
gradient flow (m3h) flow (ka/h) flow (md/h) flow (kg/h) flow (kg/h)
EH e ia O [ET G_ [T 6 . [Vz
g P> = — \ J—— k= — k,= -
S fape PT1 \/T 814 Y Ap'p2 514 \§ *App2 Voo Y Ap
o - —_ k.=
c ae K, =Q k3
| 2 K= VBT k= — K, =
5 oo B 257p1 TR Viooo ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium air chemical density
gas symbol SN
state liquid - kgl
helium He 0,17848
standard density 1,2930 kg/m? argon A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume fiow Q [m?/h] 16,24 21,84 25,93 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qy[Nm?/h] 9819,00 13160,00 15644,00 air 1,293
(0°C, 1,013 bar) carbon monoxid GO 1,2505
charge pressure  p1 [bar] 5,415 5,54 5,58
(abs.) carbon dioxide CO, 1.977
discharge pressure  p2 [bar] 5,290 5,42 5,46 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 0,125 0,12 0,12
methane CH, 0,7175
mass flow G [kg/h] 12695,97 17015,88 20227,69 othyne (acetylene CH, 1.1715
ethense (sthylense) CyH, 1.2611
medium density  $1 [kg/m?] 782,000 779,00 780,00 othane CH, | 1355 85
absolute temp. T1[K] 97,00 97,30 97,40
(inlet side)
spec. volume V2 [m3/kg] 0,05 0,05 0,05
at p2and t1
spec. volume  V* [m3kg] 0,10 0,10 0,10
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 40,60 54,61 64,84
Kv_tot 40,60 54,61 64,84
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 64,94 72 ,52 76,91 equal-% characteristic.
selected
Kvs-value Kvs= 160,00
valve type globe valve
0 {17.11.2004 Maller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
BT cac XS SPEZBODE XS 25 08 1997
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| AIR LIQUIDE Specification TAG -No..  LV21060
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH 1, ;0 ;. ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3h) flow (kg/h) flow (m3¥/h) flow (kg/h) flow (kg/h)
3 subcn;lg:al Qy 9.1 G T1 G V2
g p2 > = = kaF J— kv: I
" EX £ 71 G 814 Lpp2 514 \§, A2 Viooo Y Ap
5 supercritical k= Q;\ ooty | Vinorsra
ol 1000+2p Vinowi-ap Qu o T G T
E] P 2 k‘f: 9“#]_1 K,: - k.,=
s pl 257p1 ¥ 2 R
g |ap > 5 a7p1 " 1000 a
SERVICE CONDITIONS Sgl;l\(l:%lr\wﬂwl")o?\]EgislTéis
medium air chemical density
gas symbol SN
state liquid el
helium He 0,17848
standard density 1,2930 kg/ms® argen Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m¥/h] 23,21 35,03 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[NmM3/h] 14736,00 22326,00 air 1,203
(0°C, 1,013 bar) carbon monoxid cO 1,2505
chargepressure  p1 [bar] 5,430 5,49
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 3,550 2,73 sulfur dioxide SO, 2,931
(abs.) ammonia NH; 0,7718
pressureloss  Ap [bar] 1,880 2,76
methane CH, 0,7175
mass flow G [kag/h] 19053,65 28867,52 sthyne (acetylens)  CsH, 1,1715
ethens (ethylene) CaH, 1,2611
medium density S [kg/m?] 821,000 824,00 sthane CzHg 1,355
absolute temp. T1[K] 89,00 89,60
(inlet side)
spec. volume V2 [m¥Kkg] 0,07 0,09
at p2and ti
spec. volume  V* [m3/kg] 0,09 0,09
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical supercritical
flash (%)
Kv_flash
Kv_liquid 15,34 19,14
Kv_tot 15,34 19,14
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 63’88 69,55 equal-% characteristic.
selected y
Kvs-value Kvs= ” 6,3’00
valve type globe valve
0 | 17.11.2004 Méblier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

BB0 cak XL SPEZ8ODE.XLS 25.08.1597
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FA":‘ LIQUIDE Speciﬁcation TAG - No.. LT22001
ﬂ n Differential Pressure Calculation
Project No.: K70101
Air Liquide AGS GmbH . ASU No. 9 KOSICE . )
Project: Page: of:
Designation:
SUMP LP-COLUMN
SERVICE LOX GAS ABOVE LIQUID GOX
Temperature T= 180 °C Temperature T= -180 °C
Service Density pm=1 1127 kg/m? Pressure (abs.) P= 1,38 bar
Gas Density pe= 59  kg/m?
FILLING OF CAPILLARY TUBES/
MEASURING TUBES GOX
Ambient Temperature Ty=. 15 °C
Filling Density pr= 1,85 [kg/ms
TANK DISTANCES
Distance between L+-Nozzle and Transmitter ‘
(see fig. 1) a=. mm From L+ Nozzle to 0% Level H1 b=_0 _mm
Distance between L+ and L- Nozzle - From L+ Nozzle to 100% Level H2 d =] 6823 'mm
(see fig. 2) e= 6823 mm From H1 to H2 c="6823 mm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
Pu=| LY. b __PE 9981 10%mbar Pm=[ pu_ b, po =B _pr '—i]-9,81»1()"mbar
kg/m® mm  kglm® mm kg/m? mm  kgim® mm  kglm® mm
Pe| LY & Pr @) 981.10" mbar Pm:[ pu_ d , pe [e=d) _pr ‘—i]-9,81-10"mbar
kg/m® mm  kglm® mm kgim® mm kgim® mm  kg/m® mm
Diff. Press. 0% Pui= mbar Diff. Press. 0% Py = 2,710 mbar
Diff. Press. 100%  Pyp= mbar Diff. Press. 100%  Pu,= 752,847 mbar
Span  Ppo = mbar Span Puy = 750,137  mbar
L- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
/ O [3) @
© ©
a>0 + H1 + - H1
0 o]
a=0 n: D:
a< 0 -|I-— _I:+_NE)|ZZLI:/ L+ NOZZLE
] I
Fig. 1 E l OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Moller Eichier | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT22001_calc.xis
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E-EQIR LIQUIDE

Specification
Differential Pressure Calculation

TAG - No.: LT22011

Project No.: K70101

Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: o
Designation:
LP-COLUMN MAIN CONDENSER
SERVICE LOX GAS ABOVE LIQUID GOX
Temperature T= =180 °C Temperature T=: -180 .°C
Service Density pm =+ 1127 kg/m? Pressure (abs.) =7 1,38 bar
Gas Density pe=" 59  kg/md
FILLING OF CAPILLARY TUBES/
MEASURING TUBES GOX
Ambient Temperature Ty=. 18 °C
Filling Density pr= 1,85  kg/m?
TANK DISTANCES
Distance between L+-Nozzle and Transmitter v
(see fig. 1) a=  .mm From L+ Nozzleto 0% LevelH1 b= 0  mm
Distance between L+ and L- Nozzle - From L+ Nozzle to 100% LevelH2 d= 1576. mm
(see fig. 2) e= 1576 mm From H1 to H2 c=/ 1576 imm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
P =| LY .L_L.f_]‘g)g].]oﬂnbm- Pm:[ pu_ b, _ps le=h)__pr .i}-9,81~10-’mbm-
kg/m* mm  kg/m® mm keg!m* mm  kglm* mm  kgl/m® mm
e 4P e ) st ot mbar e 4 pe femd) _pr e o g0
P“'Z_{ ke/m® mm  kgim? mm] 981-10”mbar P [kg/ m mm  kglm® mm kg/m® mm O81:10"mbar
Diff. Press. 0% Py = mbar Diff. Press. 0% P = 0,626 mbar
Diff. Press. 100%  Pyp= mbar Diff. Press. 100% Py,= 173,895 mbar
Span  Pyays = mbar Span P = 173,269 mbar
L- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
(&) (&) ®
e} o
a>0 + H1 + |- H1
Ko} el
a=0 > D: D:
a< 0 -{-r _I:'+_N£)'ZZLI:/ L+ NOZZLE
] ]
Fig. 1 ' l i B OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT22011_calc.xis

SPEZ82DE.XLS 09.09.1997



" AIR LIQUIDE Specification TAG-No..  LV22001
ﬂ " Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH o e ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m%h) flow (kg/h) flow (mdh) flow (kg/h) flow (kg/h)
3 subcngg:al Qp 81 G T1 G Y2
g |27 k= — k= — K= —
S a2 1 6 514§ bprp2 514 5,782 V1000 Y Ap
% supercriticaly k=" s \/ *
g p 1000*2p 10031 4p O 6 [T 6 [
53 |7z k= VBT | k= — k, =
K 1 - 4 -
5 |op > & 257p1 w5, Mooo ¥ pd
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium oxygen chemical density
gas symbol N
state liquid kgl
helium He 0,17848
standard density| 1,4290 kg/m? argen Al 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow  Q [mdh] 3,81 5,08 nitrogen N, 1,2504
oxigen (2% 1,429
standard flow  Qn [Nm3/h] 3000,00 4000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 29,000 29,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,203 2,20 sulfur dioxide S0, 2,931
(abs)) ammonia NH, 0,7718
pressure loss  Ap [bar] 26,797 26,80
methane CH, 0,7175
mass flow G [kg/h] 4287,00 5716,00 othyne (acetylens C:H, 1,1715
ethens (ethylene) CQH; 1,261
medium density  $1 [kg/m?] 1124,000 1125,00 othans CH, | 1,355 85
absolute temp. T1 [K] 95,00 94,80
(inlet side)
spec. volume V2 [m3/kg] 0,11 0,11
at p2and t1
spec. volume  V* [md/kg}] 0,02 0,02
atp1/2 and ti
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 0,78 1,04
Kv_tot 0,78 1,04
trave!l (%) Travel indication only depends on valves with
(first give Kvs-valuel) 58’25 65’59 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 | 17.11.2004 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

Lv22001_cale XLS SPEZBODEXLS 25.08.1897



L AIR |_|QU|DE’ Specification TAG-No:  LV22001
ﬂ Control Valve Characteristic ,
Project No.: K70101
Air Liquide AGS GmbH {5, ;.. ASU No. 9 KOSICE Page: of:
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L AIR LIQUIDa Specification TAG-No: FV22013

ﬂ ' Project-No.:  K70101

Calculation of Control (Butterfly-)Valves

Air Liquide AGS GmbH e ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m¥/h) flow (kg/h) flow (m3h) flow (kg/h) fiow (kg/h)
% sibfn;l?al y Qp \/"}ﬁ G T1 G W2
> pL S k= — K,= —
S fapc B 71 G 514 Y bup2 514 \f5,"hppz Vinoo Y bp
g supercriticall k= Q" K= -
! P 21 k= \ }9,3’1’1 K= — K, =
5 foe s 5 257p1 257p1 Y B, 100 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | 4"
gas symbol SN
L kag/ms
state liquid - -
helium He 0,17848
standard density 1,2504 kg/ms argon A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥hj 32,73 46,30 46,34 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy[Nm¥h] 20629,00 29102,00 29130,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 4,590 4,71 4,73
(abs) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 4,315 4,32 4,32 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,275 0,39 0,41
methane CH, 0,71756
mass flow G [kg/h] 25794,50 36389,14 36424,15 ethyne (acetylens)  C.H, 1,1715
ethene (ethylens) C,H, 1,2611
medium density 1 [kg/m?] 788,000 786,00 786,00 othane CoHs 1,355 85
absolute temp. T1[K] 81,20 81,60 81,60
(inlet side)
spec. volume V2 [m?kg] 0,06 0,06 0,06
at p2and t1
spec. volume  V* [md/kg] 0,10 0,10 0,10
atp1/2 and tt
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 55,37 65,35 63,81
Kv_tot 55,37 65,35 63,81
travel (% Travel indication only depends on valves with
(first give Kvs-val(u;!)) 72’87 77’1 1 76,50 equal-% characteristic.
selected
Kvs=
Kvs-value
valve type globe valve
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG -No.:  LV22030
E " Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m¥h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
E subcngg:aﬂ Qr 8,771 G T1 G N2
g pz > 5 I‘:/: ——‘— k-F— - Kf:
g |a< B \/T 6 514§ hptp2 514 (S, A p*p2 Vinoo Y Ap
o ey —— k= e
c 4l kv"' Q M
g [T 1000*4p \inoorgrap Qn G T G N
=5 Pt k= ——\ 83T = —_— =
g 1 ‘a H k,, kv—
§ foe> £ 257p1 w1y %, \iooo ¥ pt
SERVICE CONDITIONS sg':'\é%?v‘RMD O%Egigégs
. density
medium oxygen chemical
gas symbol SN
. . k 3
state liquid - o/
helium He 0,17848
standard density 1,4290 kg/m? argen A 1784
case 1 case 2 case3 hydrogen H, 0,08988
volume flow Q [m?/h] 6,28 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nmd/h]} 5000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 2,827
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,029 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,798
methane CHy, 0,7175
mass flow G [kg/h] 7145,00 sthyne (acetylene)  C,H, 1,1715
ethene (ethylens) CaH, 1,261
medium density  $1 [kg/m?] 1137,000 sthans CHs | 1355 85
absolute temp. T1[K] 91,20
(inlet side)
spec. volume V2 m3kg] 0,12
at p2and t
spec. volume  V* [m?¥kg] 0,17
atp1/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical
flash (%)
Kv_flash
Kv_liquid 7,50
Kv_tot 7,50
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 69’23 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe vaive
0 | 17.11.2004 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
L2200 CARRLE SPEZBODEXLS 25.08.1997




L AIR LIQUIDE Specification TAG-No.:  LV22030
ﬂ " Control Valve Characteristic ‘
Project No.: K70101
Air Liquide AGS GmbH ], ;.. ASU No. 9 KOSICE Page: of:
2 R 2
2% m
] 2
oo o
} . =
[
[=]
=

10

R
[=3
Q.
(=]
To....o....o....o....o.... §
& S o & ~ © s
7)) - v
>
x
=
L4
0 17.11.2004 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LV22030_calo.XLS

SPEZSODE XLS 25.08 1997




___ AIR LIQUIDE Specification TAG -No.. FV22043

. Calculation of Control (Butterfly-)Valves ,
Project-No..  K70101
Air Liquide AGS GmbH — fp, e, ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (mh) flow (kg/h) flow (kg/h)
E e L S fET G_ [T 6 . [z
2 p2 >3 = k= — K,= -
g lapc i o1 6 s14 Y bpp2 | 514 5 hpp2 Viooo Y ap
° k= ot j—— =
itical) *
.% S::e(rcﬁca 1 DU[]*ﬂ.p -\‘J{I DUD*E,1 Ap Q G T G WE
E 21 k’/: \ #gnfl—" K,: I kv =
5 o & 257p1 2571 Y B 1000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium oxygen chemical density
gas symbol SN
state]  gaseous , i
hefium He 0,17848
standard density 1,4290 kg/ms argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m¥h] 12,93 51,74 129,34 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qy[Nm%h] 50,00 200,00 500,00 air 1,293
(0°C. 1,013 bar) carbon monoxid co 1,2505
charge pressure p1 [bar] 1,300 1,30 1,30
(abs.) carbon dioxide O, 1,977
discharge pressure  p2 [bar] 1,290 1,29 1,29 sultur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,010 0,01 0,01
methane CH, 0,7175
mass flow G [kg/h] 71,45 285,80 714,50 sthyne (acetylene)  GoHp 1,1715
othene (ethylene) CoHy 1,2611
medium density S [kg/m?] 5,524 5,52 5,62 othane CsHs 1,355 85
absolute temp. T1 [K] 93,10 93,10 93,10
(inlet side)
spec. volume V2 [m¥kg] 0,19 0,19 0,19
at p2and t1
spec. volume  V* [m3kg] 0,37 0,37 0,37
atp1/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 9,88 39,52 98,79
travel (%) Travel indication onbf depends on valves with
(first give Kvs-value!) 2 8’81 64’25 87’67 equal-% characteristic.
selected
Kus-value Kvs= 160,00
valve type globe valve
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG-No.: FV23013
m e Calculation of Control (Butterfly-)Valves ,
T Project-No.:  K70101
Air Liquide AGS GmbH 15, ;0 . ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (ka/h) flow (kg/h)
% szbi:n;lg;al . Qn Q.7 T1 G T1 G W2
> P e k= — k{: —_
P \/T 6 514 bomp2 | 514 Y5 A2 Winoo ¥ Ap
s s J——— k.=
e ] | = (]
g |supercitical 1000 &g Vioowei-ap On e T G TS
w p2 ¢ == — 4
3 z k= Tl | k= — | =
° pl - -
5 |ae > 5 257p1 287p1 W S 000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | 4"
gas symbol SN
state liquid - kgl
helium He 0,17848
standard density 1,2504 kg/m? argen A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m3h] 4,77 6,53 nitrogen N, 1,2504
oxigen [ 1,429
standard flow  Qy [Nm%h] 3000,00 4100,00 air 1,293
{0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 5,905 5,88
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,094 2,09 sullur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 3,812 3,79
methane CH, 0,7175
mass flow G [kg/h] 3751,20 5126,64 othyne (acetylene)  C,H, 1,1715
ethene (ethylens) CoH, 1,261
medium density  $1 [kg/m?] 786,000 785,00 othans CH, | 1,355 85
absolute temp. T1[K] 81,60 81,50
(intet side)
spec. volume V2 [m¥/kg] 0,12 0,12
at p2and t1
spec. volume  V* [m?/kg] 0,08 0,08
atpt/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 2,17 2,97
Kv_tot 2,17 2,97
travel (% Travel indication only depends on valves with
(first give KVS»val(ueg 60’91 68’98 equal-% characteristic.
lect
selected Kvs=
Kvs-value
valve type globe vaive
Rev. Date Name Checked Change Rev. Date Name Checked Change
Fy238T 3. cat RLS SPEZBODE XL.S 26.08.1997




AIR LIOUIDE Specification TAG-No.. FV23013
E Ly Control Valve Characteristic .
, o Project No.: K70101
Air Liquide AGS GmbH 5\ ASU No. 9 KOSICE Page: of:
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Fv230

AIR LIQUIDE Specification TAG-No: FV23073
" Calculation of Control (Butterfly-)Valves
. ( ¥) Project-No..  K70101
Air Liquide AGS GmbH  fp,qj65 ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥h) flow (kg/h) flow (m¥h) flow (kg/h) flow (ka/h)
o subctitical
Q *T1 :
g | JORV SN Y B Y A
g |- el 2 514 Y App2 514 \{S,rAp*p2 1000 Y Ap
c i, = 0* | f[——— [k = T
O 1000%4p Viooog=ap O G T 6 . [&*
R} p2 < 5= =
3 2 , k= \feeTt | k= — K= ———
5 |or> £ 2411 w7 Y Sy inoo ¥ pi
SERVICE CONDITIONS S;?%%AH?QODNEE?;:ESS
medium nitrogen chemlcal denslty
gas symbol SN
state liquid g/
helium He 0,17848
standard density 1,2504 kg/m? argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 0,80 4,78 6,53 nitragen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?/h] 500,00 3000,00 4100,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar} 5,905 5,90 5,88
(abs.) carban dioxide Cco, 1,977
discharge pressure  p2 [bar] 2,300 2,30 2,30 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  /\p [bar] 3,605 3,60 3,58
methane CH, 0,7175
mass flow G [kg/h] 625,20 3751,20 5126,64 ethyne (acetylene)  C;H, 14715
ethene (ethylens) C,Hy 1,2611
medium density  S1 [kg/m?] 785,000 785,00 785,00 ethane CoHs 1,355
absolute temp. T1 [K] 81,60 81,60 81,60
(inlet side)
spec. volume V2 [m*/kg] 0,11 0,11 0,11
at p2 and t1
spec. volume  V* [mkg] 0,08 0,08 0,08
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical superctitical supercritical
flash (%)
Kv_flash
Kv_liquid 0,37 2,23 3,06
Kv_tot 0,37 2,23 3,06
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 27,65 73,45 81 ’51 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
3_cale
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Specification TAG-No.. FV23073
Control Valve Characteristic

nimn LIQUIDE
" Project No.:  K70101
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AIR LIQUIDE Specification TAG-No: LV23076
™ Calculation of Control (Butterfly-)Valves
. ( y) Project-No.:  K70101
Air Liquide AGS GmbH oy, ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m%h) flow (ka/h) flow (m3¥h) fiow (kg/h) flow (kg/h)
g subcrlgfal Q, QT G T1 G V2
g | % ;=\ f—— k= — = ——\[—
S | g 21 G 514 § bpp2 614 \[SrApp2 hoon Y Ap
s S
5 k= o\ = [k
S upercgg‘lca 1 UDD*'ﬁp '\ﬁo{]ﬂ*g’ﬁgp I G T G A
g o2l ke —\foem |k K,
3 = a = T T ——
T oo & 2571 25 Y S, Vinoo Y pf
SERVICE CONDITIONS Sgl;bé%ﬁ;oDNEgigéEss
' denslty
medium; oxygen chemlcal
gas symbal SN
state]  liquid i
helium He 0,17848
standard density 1,4290 kg/m? Argan A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 0,64 3,85 5,13 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?*/h] 500,00 3000,00 4000,00 air 1,293
(0°C, 1,013 bar) carbon monaxid co 1,2505
charge pressure  p1 [bar] 29,000 29,00 29,00
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar] 2,800 2,80 2,80 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 26,200 26,20 26,20
methane CH, 07175
mass flow G [kg/h] 714,50 4287,00 5716,00 ethyne (acetylene]  C;H, 11715
ethene (ethylene) CH, 1.2611
medium density S [kg/m?] 1114,000 1114,00 1115,00 ethane C.Hs 1,355
absolute temp. T1 K] 95,60 95,60 95,50
(inlet side)
spec. volume V2 [m%/kg] 0,09 0,09 0,09
at p2 and t1
spec. volume V* [m*/kg] 0,02 0,02 0,02
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient superctitical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 0,13 0,79 1,06
Kv_tot 0,13 0,79 1,06
travel (% Trave! indication only depends on valves with
(first give KVs-VaI(uetg 24,86 70,67 78,01 equal-% characteristic.
selected Kvs=
Kvs-value
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Changs Rev. Date Name Checked Change
LV23076_cale
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| AIR LIQUIDE Specification TAG-No. LV23076
E Control Valve Characteristic .
Project No.:  K70101
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L AIR |_|QU|DQ Specification TAG-No..  PKA40003
Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH  Jp oo ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (md/h) flow (kg/h) flow (ka/h)
E i”:f"ﬁ?a' Qu -, [Tl 6_ [T 6 . fvz
g 5 =\ Jk= — K= -
2 factr o1 G 514\ bpmo2 514 \f3, "4 pp2 \1000 Y Ap
S -
o\ f—— o= T——
2 eer |3 o
.% S;’Se("ﬁica 1000+ 4p WOU"W Ap Q, G T G G
E 21 k= \ /T =— =
5 o> - 257p1 2871y 5, 1000 ¥ pl
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  oxigen ohomical | 9V
gas symbol SN
kg/m?
state]  gaseous ,
helium He 0,17848
standard density 1,4290 kg/m? argen A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 6366,41 5687,28 4645,44 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy[Nm?h] 26820,00 23760,00 19440,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 1,35 1,34 1,34
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,33 1,32 1,32 sulfur dioxide 50, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,02 0,02 0,02
methane CH, 0,7175
mass flow G [kg/h] 38325,78 33953,04 27779,76 othyne (acetylens)  CaH, 1,1715
ethene (ethylene) CoH, 1,2611
medium density  $1 [ka/m?] 6,02 5,97 5,98 othane CoMe 1,355
absolute temp. T1[K] 92,50 92,40 92,40
(inlet side)
spec. volume V2 [m¥kg]) 0,18 0,18 0,18
at p2and ti
spec. volume  V* [m3/kg] 0,36 0,36 0,36
atpi/2and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 3678,25 3269,14 2674,75
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 66’39 63’37 58:24 equal-% characteristic.
selected A A Required Valve Size:
Kvs-value Kvs= 13700’0 0 : DN 500
valve type butterfly valve
0 | 02.11.2004 Mébller Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
PK40003_calc.. SPEZSODE.XLS 25.08.1997



L AIR |_|QU|Dﬂ Specification TAG -No..  HVA40005
A- Calculation of Control (Butterfly-)Valves

Project-No.:  K70101

Air Liquide AGS GmbH o,/ ASU No. 8 KOSICE Page: o:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)

% sibi:n;ig:al O 8. T G T1 G Y2
g P2 > 5" = — K= — k= _
S |anctr VT G 814 Y bpp2 514 5,2 Ap%p2 Vinoo Y &p
[+ -

—k,= o* | [——— [K=
_§ supercrifca v — ‘ -\ﬁ NOTR1* Ap a, R = R e
Kt p2 < = - - ,‘
3 2 K/" 9,‘*]-1 kV: — — kv:
o pl _
5 o & 257p1 2871 Y S, 1000 ¥ p

SERVICE CONDITIONS sgﬁhclz%mv?o?fgiggs
. it
medium argon chemical donsity
gas symbo} SN
kg/md
state gaseous
helium He 0,17848
standard density 1,7840 kg/ms argon Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m*/h] 0,19 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy[Nm3h] 150,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 1,150
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,013 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar} 0,137
methanse CHs 0,7175
mass flow G [kg/h] 267,60 othyne (acetylene)  GoH, 1,1715
ethene (ethylense) CoH,y 1,2611
medium density S [kg/m?] 1386,000 othane CH, | 1,355 85
absolute temp. T1[K] 88,30
(inlet side)
spec. volume V2 [m¥/kg] 0,18
at p2and tt
spec. volume  V* [me/kg] 0,32
atpi/2and t
RESULTS
case 1 case 2 case3
pressure gradient subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 9,83
travel (%) 99 57 Travel indication o'nl)'l depends on valves with
(first give Kvs-value!) ’ equal-% characteristic.
selected
vs=
Kvs-value Kvs
valve type globe valve
Rev. Date Name Checked Change Rev. Date Name Checked Change
Hv43T05_ car XLo SPEZBODEXLS 25.08.1997



L AIR |_|QU|Da Specification TAG-No:  HV40005
m Control Valve Characteristic ,
Project No.: K70101
Air Liquide AGS GmbH 5 ;o\ ASU No. 9 KOSICE Page: of:
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Specification TAG-No.: LT40007

Differential Pressure Calculation |
Project No.: K70101

_ AIR LIQUIDE
" e

Air Ligquide AGS GmbH ASU No. 9 KOSICE

Project: Page: of:
Designation:
CAR CONDENSER VESSEL
SERVICE CLOX GAS ABOVE LIQUID CGOX
Temperature = -1874 °C Temperature T= -1874 °C
Service Density pu=_ 985 kg/m? Pressure (abs.) P=" 138 bar
Gas Density pg =" 598 kg/md

FILLING OF CAPILLARY TUBES/
MEASURING TUBES CGOX
Ambient Temperature Ty= 15 °C
Filling Density pe= 1,7 kg/m?
TANK DISTANCES
Distance between L+-Nozzle and Transmitter
(see fig. 1) as= mm From L+ Nozzle to 0% Level H1 b= 0 mm
Distance between L+ and L- Nozzle - From L+ Nozzle to 100% Level H2 d=6370 ' mm
(see fig. 2) e= 6370 mm From H1 to H2 c= 6370  mm

CALCULATION ACCORDING TO

O Fig. 1 ® Fig. 2
Pui= pu b pr @ -9.81-10"mbar Par=| L b, pe .(e_b)~ Pr ~—e—]-9,81'10"mbar
kg!m® mm kg/m® mm kg/m®* mm kgim® mm  kg/m* mm
e 4 Pr 98110 mbar | pe le=d)__pr e \ogi 100 mbar
PHZ_[kg/ m* mm  kglm® mm] O81-10mibar S {kgl m> mm kglm® mm kglm® mm ’ moar
Diff. Press. 0% Py = mbar Diff. Press. 0% Py = 2,674 mbar
Diff. Press. 100%  Puz= mbar Diff. Press. 100%  Py,= 614,251 mbar
Span  Puo = mbar Span Pupm= 611,578 mbar
L- NOZZLE ~_
H2 H2
TRANSMITTER TRANSMITTER
— ] o 1) °
© kel
a>0 + H1 +| |- H
o o
wrof—— I
a<0 4;_ %_«iN_o‘zzm/ L+ NOZZLE
1] 1]
Fig.1 77:; E OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT40007_calc.xls
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Specification
Differential Pressure Calculation

TAG - No.:

LT40017

E[AIR LIQUIDE

Project No.: K70101

Air Liquide AGS GmbH

ASU No. 9 KOSICE

Project: Page: of:
Designation:
CAR CONDENSER VESSEL
SERVICE CLOX GAS ABOVE LIQUID CGOX
Temperature T= #1874 °C Temperature T= 1874 °C
Service Density pm=_ 985 " kg/m? Pressure (abs.) pP= 1,38 bar
Gas Density pe =/ 5,98 1 kg/m?
FILLING OF CAPILLARY TUBES/
MEASURING TUBES CGOX
Ambient Temperature Ty= 15 °C
Filling Density pe= 1,7 kg/md
TANK DISTANCES
Distance between L+-Nozzle and Transmitter »
(see fig. 1) a=. mm From L+ Nozzle to 0% Level H1 b= 0 mm
Distance between L+ and L- Nozzle ) From L+ Nozzle to 100% Level H2 d= 1472 mm
(see fig. 2) e= 1472 mm From H1 to H2 c=" 1472  mm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
Poi= pu _2____/)%__(1_ -981-10"mbar P = P '——b—+ pe .(e—b) pr -L]'9,81~10"r)1ba1'
kg/m* mm  kg/m* mm kg/m® mm kgln® mm  kglm® mm
(o A __pr @) g1 104 mbar pw_ d _pe femd) _pr e oei 10" mbar
Pm_[kg/ m mm kglm? mm} 98110 mbar P [kg/ w* mm o kglm® mm kglm® mm 981-10"mbar
Diff. Press. 0% Pui = mbar Diff. Press. 0% Py = 0,618 mbar
Diff. Press. 100% Py = mbar Diff. Press. 100%  Pyp= 141,943 mbar
Span Py = mbar Span  Pppuy = 141,325 mbar
L- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
ORI IOV (. (6] [&] ®
o T
a>0 + H1 + |- H1
0 e}
o] I
|
a< 0 -}'- L l;+—NE)IZZL( L+ NOZZLE
v oo
Fig. 1 T '. OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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| AIR LIQUIDE Specification TAG - No:.  LV40007
" Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m%h) flow (kg/h) flow (kg/h)
E S”:f“,‘,m' = \/_Eﬁ & i 6 . [v2
- Ll k= — K, = —
g lap< 221 p” G 814 Y Aph2 514 {5 *hpm2 SAnoo Y Ap
2 g = | [——— [K=
2 supercggca 1000% &p \/1000*5’1*&3 (= It T1 G N
8 p2 ¢ == _
S 2 k= —\ /%7 T1 K= —_— k= —/—=
R PYRIR 2571 257 g
] P =3 pt " 1000 d
SERVICE CONDITIONS S;ﬁh::%?waw?o?fgiggs
. density
medium oxygen chemical
gas symboi oN
state| liquid el
helium He 0,17848
standard density 1,4290 kg/m? aroen A 18
case 1 case 2 case3 hydrogen H, 0,08988
volume flow  Q [m3h] 8,45 14,44 16,33 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm3/hj 5812,00 9950,00 11222,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure p1 [bar] 1,852 1,86 1,85
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,370 0,90 0,89 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,482 0,97 0,96
methane CH, 0,7175
mass flow G [ka/h] 8305,35 14218,55 16036,24 othyne (acetylens)  CoH, 1,1715
ethene (sthyiene) CoH, 1,2611
medium density  $1 [kg/m?] 983,000 985,00 982,00 sthane CHe 1,355 85
absolute temp. T1[K] 85,80 85,60 85,40
(intet side)
spec. volume V2 [m¥kg] 0,16 0,25 0,25
at p2and 1
spec. volume  V* [m¥kg] 0,24 0,24 0,24
atpl/2and t
RESULTS
case 1 case 2 case 3
pressure gradient subcritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 12,06 14,57 16,49
Kv_tot 12,06 14,57 16,49
travel (%) Trave! indication only depends on valves with
(first give Kvs-valuel) 57’75 62758 65’73 equal-% characteristic.
selected a200
Kvs-value Kvs= 63,’09 o
valve type globe valve
0 }17.11.2004 Mbller Eichler { Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
V40007 cab XLS CPLZB0DEXLS 25081997
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_L AIR LIQUIDE Specification TAG -No: FV40011
" Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥/h) flow (kg/h) flow (m3h) flow (kg/h) flow (kg/h)
g subcn[t’lg:al Gy 2.1 G T4 G W2
g p2 > 5 k=— kz — K,= -
S |ape B \/’?1‘ s 514 \f Ap*p2 514 \[S A pp2 \ooo Y Ap
) -
=g\ f—— k=
S itical] ¥ ' ;
g [l 1000 8p Vinowsi-ap O 6 . [T 6 . [
3 2, k= \ /S'n*ﬂ = -— =
5 Jae & 257p1 2871 i 000 Y pl
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical density
gas symbol SN
state]  liquid : ol
helium He 0,17848
standard density 1,7840 kg/m3 argon Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m%¥h] 25,66 31,34 35,37 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy[Nm3/h] 19932,00 24346,00 27479,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
chargepressure  p1 [bhar] 1,354 1,35 1,35
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,150 1,15 1,15 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,204 0,20 0,20
methane CH, 0,7175
mass flow G [kg/h] 35558,69 43433,26 49022,54 othyne (acetylene)  CzH, 1,1715
ethene (ethylene) CH, 1,261
medium density $1 [ka/m?] 1386,000 1386,00 1386,00 sthane CoHg 1,355 85
absolute temp. T1 [K] 88,30 88,30 88,30
(inlet side)
spec. volume V2 [m¥/kg] 0,16 0,16 0,16
at p2and ti
spec. volume  V* [m?/kg] 0,27 0,27 0,27
atp1/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 66,88 81,69 92,20
Kv_tot 66,88 81,69 92,20
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 66’30 4 ’41 74’50 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
Rev. Date Name Checked Change Rev. Date Name Checked Change
~calcALS SPEZSODE LS 25.08 1997




. AIR LIQUIDE Specification TAG-No.:  FV40011
n Control Valve Characteristic

Project No.: K70101

Air Liquide AGS GmbH

Projekt: ASU No. 9 KOSICE Page: of:
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| AIR LIQUIDE Specification TAG-No: HK40012
ﬂ " Calculation of Control (Butterfly-)Valves _
Project-No.:  K70101
Air Liquide AGS GmbH  |p, /e ASU No. 9 KOSICE Page: o:
pressure liquids gases steam
gradient flow (md/h) flow (ka/h) flow (m3/h) flow (kg/h) flow (kg/h)
g | subereal Qu, [T T1 6_ [T 6 . [vz
g pz > 5 (= k= — K, = -
2 lap< PT1 1 s 614 \f Ap*p2 514\ x4 2 hooo Y Ap
k] k= QF g T —
e itical - ’ *
g [aie” 1000+ 4p Vioowsi-ap Qu 6 o [T 6 . [
3 z ke —— /%1 | ke =
5 o> & 257p1 w71 S, 000 ¥ pl
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical density
gas symbol SN
kg/m?
state| gaseous ,
helium He 0,17848
standard density 1,7840 kg/m? areen A 1ot
case 1 case 2 case 3 hydrogen Ha 0,08988
volume flow  Q [m®h] 411,69 823,38 2470,15 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?®h] 1500,00 3000,00 9000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 1,15 1,15 1,15
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,01 1,01 1,01 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,137 0,14 0,14
methans CH, 0,7175
mass flow G [kag/h] 2676,00 5352,00 16056,00 othyne (acetylene)  CoH, 1,1715
ethene (ethylene) CoH, 1,2611
medium density  $1 [kg/m?] 6,50 6,50 6,50 othane CHs 1,355
absolute temp. T1([K] 88,30 88,30 88,30
(inlet side)
spec. volume V2 [m?kg] 0,18 0,18 0,18
at p2and ti
spec. volume  V* [m*/kg] 0,32 0,32 0,32
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subgcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 98,32 196,64 589,92
travel (%) Travel indication only depends on vaives with
(first give Kvs-valuel) 50’23 67,95 96,03 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Mbller Eichier | Initial Version
Rev. Date Name Checked Change Date Name Checked Change
_cale.XLS SPEZBODE.XLS 25.08.1997




. AIR L|QU|DE§‘ Specification TAG-No.  HKA0012
: Control Valve Characteristic .
Project No.: K70101
Air Liquide AGS GmbH o, o\ ASU No. 9 KOSICE Page: of:
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L AIR Llauma Specification TAG -No.. HV40014
E Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (ka/h) flow (md3/h) flow (kg/h) flow (kg/h)
© subcritical Q g 7]
2 p‘] M H G T1 O \,!2
g | s\ k= — = —
2 |ape PT1 ” 5 514 Y App2 514 S A ppz 1000 Y Ap
s o [ e o—
g [supercntical 1000+ 2p WnorRi<ap Q, 3 T G W
8 p2 ¢ === -
3 2 k= —\ /RT1 |<V= —_— kv =
2 pl 2571 ¢ .
g np > = 257;31 n 1000 p1
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical | 4o
gas8 symbol SN
state| liquid - kgl
helium He 0,17848
standard density 1,7840 kg/me argon A 1,784
case 1 case 2 case 3 hydrogen Hy 0,08988
volume flow  Q [m¥h] 0,71 0,85 0,96 nitrogen Ny 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?%h] 550,00 660,00 745,00 air 1,293
(0°C, 1,013 ban) carbon monoxid co 1,2505
chargepressure  p1 [bar] 2,034 2,03 2,03
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,500 1,50 1,50 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,634 0,53 0,53
methane CH, 0,7175
mass flow G [kg/h} 981,20 1177,44 1329,08 sthyne (acetylens)  CoHa 1,1715
ethene (ethylene) GC.Hy . 1,2611
medium density S [kg/m?] 1386,000 1386,00 1386,00 sthane C.He 1,355 85
absolute temp. T1 [K] 88,30 88,30 88,30
(inlet side)
spec. volume V2 [m3/kg] 0,12 0,12 0,12
at p2and ti
spec. volume  V* [m¥kg] 0,18 0,18 0,18
atpi/2and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 1,14 1,37 1,55
Kv_tot 1,14 1,37 1,55
travel (% Travel indication only depends on valves with
(first give Kvs-val(ug!)) 56’32 60’98 64:08 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
Rev. Date Name Checked Change Rev. Date Name Checked Change
- calc. XL S EPLZB0DE XLS 25081997




| AIR LIQUIDE Specification TAG-No.. HV40014
Control Valve Characteristic
; Project No.: K70101
Air Liquide AGS GmbH 1556y ASU No. 9 KOSICE Page: of:
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rAIR LIQUIDE
g touoe

Specification
Differential Pressure Calculation

Air Liquide AGS GmbH

ASU No. 9 KOSICE

TAG - No.: LT40053

Project No.: K70101

Project: Page: of:
Designation:
SUMP CAR COLUMN 1
SERVICE LOX GAS ABOVE LIQUID GOX
Temperature T= 1813 °C Temperature = 180 °C
Service Density pu=" 1154  kg/m?3 Pressure {abs.) P=1 125 Dbar
Gas Density pg= 5,5 kg/md
FILLING OF CAPILLARY TUBES/
MEASURING TUBES GOX
Ambient Temperature Ty=. 15 °C
Filling Density Pr=l 1,7 kg/md
TANK DISTANCES
Distance between L+-Nozzle and Transmitter ’
(see fig. 1) a=._ .mm From L+ Nozzle to 0% Level H1 b= 0 mm
Distance between L+ and L- Nozzle - Erom L+ Nozzle to 100% Level H2 d =i 2791 .mm
(see fig. 2) e= 2791 mm From H1 to H2 c={12791 imm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
Pu=| LM b __PE 9| g81. 10" mbar |22 by pe [emH)__pr e | g1 100 mbar
kg/m® mm  kglo® mm ! kg!m® mm kglw® mm  kg/m® mm ’
(e 4 _pr ) g1 100 mbar pcl £ A po_ le=d) _pr e |gg) o0
P ”2“[ ke/m® mm  kglop mm] 98110 mbar " [kg/ m mm+kg/m3 mm  kgl/m® mm 9.81-10%mbar
Diff. Press. 0% Py = mbatr Diff. Press. 0% Py = 1,040 mbar
Diff. Press. 100%  Pyz= mbar Diff. Press. 100%  Py,= 315,389 mbar
Span Py = mbar Span Py = 314,349 mbar
- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
E e e S &) ) o
© ©
a>0 + H1 + |- H1
e} Q
a=0
—I Ii
| Lsnozz I:/ N -
a<0 T_\_L:_E)l L L+ NOZZLE
/2 S
Fig. 1 —[ E— OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT40053_calc.xls
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HV4

L AIR LIQUIDa Specification TAG-No: HVA40110
ﬂ Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
RECYCLE LOX PUMP 1
pressure liquids gases steam
gradient fiow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcriéical @" g R T o T G 2
g pE >z =— k= — K,= -
S lac ki o1 G 514 hpp2 514 5,54 pp2 oo Y Ap
g s peerene LUCSSURY SN K= *
P 1000+8p Vinorerap Qu  — o Ti G S0
% P 21 k-/: 9“*1_1 = I K, =
5 aes £~ 257p1 257p1 Y S oo ¥ pt
SERVICE CONDITIONS Sgﬁhlc%?waﬁo?\:igisn;s
. density
medium oxygen chemical
gas symbol N
state liquid - xghm
helium He 0,17848
standard density 1,4290 kg/me argen Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 23,40 28,68 32,32 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qu [NmM¥h] 18900,00 23100,00 26075,00 air 1,293
(0°C. 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 1,377 1,40 1,40
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,357 1,38 1,38 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,020 0,02 0,02
methane CH, 0,7175
mass flow G [kg/h] 27008,10 33009,90 37261,18 ethyne (acetylens)  CyH. 1,1715
ethene (ethylene) C,H, 1,2611
medium density S [ka/m?] 1154,000 1151,00 1153,00 ethane CoHs 1,355
absolute temp. T1 K] 92,00 92,20 92,20
(inlet side)
spec. volume V2 [m3/kg] 0,18 0,17 0,17
at p2 and t1
spec. volume  V* [m3/kg] 0,35 0,34 0,34
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 177,78 218,73 24512
Kv_tot 177,78 218,73 24512
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 83,43 88,72 91,64 equal-% characteristic.
selected e el
Kvs-value Kvs= 340,00
valve type globe valve
0 |17.11.2004 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
,_calc. ALS SPEZ8ODE.XLS 25.08.1997
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AIR LIQUIDE ’

Specification
Control Valve Characteristic

TAG-No.. HV40110

Project No.: K70101

Air Liquide AGS GmbH

Projekt:

ASU No. 9 KOSICE

Page: of:
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L AIR LlQUlDﬂ Specification TAG-No.. PVA40170
Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
RECYCLE LOX PUMP 1
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcn;lg:al Q ], T1 G T G v2
g P2 > 5 k= — k= — l{/: e
S |ape 2 91 G 514 Y bpth2 514 \fS,*App2 oo Y Ap
© e R —
c t] - 4 - +
g e 1000+ 40 \inorgrap G G i G N
3 21 ke ——\ 87T =— V= =
3 oo & 257p1 21 Y B, 1000 §  pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
. density
medium oxygen chemical
gas symbol SN
stated  liquid : il
hslium He 0,17848
standard density 1,4290 kg/m? argon A 1784
case 1 case 2 case 3 hydrogen Hp 0,08988
volume flow Q@ [m3/h] 23,40 28,68 32,32 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?/h] 18900,00 23100,00 26075,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 8,000 8,00 8,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,513 1,63 1,63 sulfur dioxide S0, 2,931
(abs) ammonia NH, 0,7718
pressureloss  A\p [bar] 6,487 6,47 6,47
methane CH, 0,7175
mass flow G [kg/h] 27008,10 33009,90 37261,18 othyne (acetylens)  CoH, 1,1715
ethene (sthylene) CoHa 1,2611
medium density 1 [kg/m?] 1154,000 1151,00 1153,00 sthane C.Hs 1,355
absolute temp. T1 [K}] 92,00 92,20 92,20
(inlet side)
spec. volume V2 [m%kg] 0,16 0,16 0,16
at p2and t1
spec. volume  V* [m3/kg] 0,06 0,06 0,06
atpt/2and ti
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 9,87 12,10 13,65
Kv_tot 9,87 12,10 13,65
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 64’23 69’43 72,51 equal-% characteristic.
selected S
Kvs-value Kvs= 40’,00
valve type globe valve
0 | 17.11.2004 Moler Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
PVAOTT0. CaR XLS SPEZBODE XLS 25 08,1997




L AIR LIQUIDa Specification TAG-No:  PV40170
E Control Valve Characteristic ,
Project No.: K70101
Air Liquide AGS GmbH  fp, ). ASU No. 9 KOSICE Page: of:
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L AIR LIQUIDa Specification TAG-No:  PV43021
ﬂ Calculation of Control (Butterfly-)Valves .
Project-No.: K70101
Air Liquide AGS GmbH 5 o ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (md%h) flow (kg/h) flow (kg/h)
g | Qu_ [3aT1 6_ [T 6 . [v2
g pZ > 3" = k= — k,= -
2 |ance &2‘. 2 G 814 Y ApTp2 514 S x4 pp2 inoo \ fp
° -
—Jy = o\ J—— &=
& [sweromieal ™ Vygppeap |7 Viowsreap . 6 _ [T 6 [
% L) k= QT — kv:
5 oo - 257p1 a57p % Vaooo Y pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | 42"
gas symbol SN
state liquid - kgt
helium He 0,17848
standard density 1,2504 kg/m? aroen A Rk
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m3/h] 0,83 1,01 1,14 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy [Nm3/h} 594,00 726,00 820,00 air 1,293
(0°C, 1,013 bar) carbon monoxd cO 1,2505
charge pressure  p1 [bar] 3,989 4,06 4,10
(abs.) carbon dioxide GO, 1,977
discharge pressure  p2 [bar] 2,641 2,64 2,64 sulfur dioxide 50, 2,931
(abs.) ammonia NH; 0,7718
pressureloss  A\p [bar] 1,348 1,42 1,46
methane CH, 0,7175
mass flow G [kg/h] 742,74 907,79 1025,33 othyne (acetylene)  CoH, 1,1715
ethene (ethylene) CaH, 1,2611
medium density S [ka/m?] 720,000 719,00 718,00 othane CHs 1,355
absolute temp. T1[K] 94,50 94,70 94,80
(inlet side)
spec. volume V2 [m¥kg] 0,11 0,11 0,11
at p2 and tt
spec. volume  V* [m?/kg] 0,14 0,14 0,14
atpt/2and tt
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subgcritical subgcritical
flash (%) 20,00 20,00 20,00
Kv_flash 1,33 1,59 1,77
Kv_liquid 0,60 0,72 0,80
Kv_tot 1,93 2,31 2,57
travel (% Trave! indication only depends on valves with
(first give Kvs-val(ug!)) 69’82 74’31 77’07 equal-% characteristic.
selected
Kvs-value Kvs= 6,30
valve type globe valve
0 |17.11.2004 Mbiler Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
PV43 _calc.. PEZ8ODE.XLS 25.08 1997




L AIR LIQUIDE Specification TAG-No.:  PV43021
E Control Valve Characteristic
Project No.: K70101
Air Liquide AGS GmbH 5 ;0. ASU No. 9 KOSICE Page: of:
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PV430:

| AIR LIQUIDE Specification TAG-No.: PV43022
v Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH |5 ;0. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥h) flow (kg/h) flow (m¥/h) flow (ka/h) flow (kg/h)
g subcri‘t]i?al Qy Q. T G ™ G V2
g | ==\ f—— fk= = ke — ) —
S |uwe 2 5 514\ App2 514 {5 rAp%p2 1000 Y Ap
5 im0\ [ [k e
B i 1000°2p 1000731 Ap G 6 [T 6 . [&"
5 Jp2cs - ’
3 4 ke ——\f8T1 k= ,
5 oo £ 281 m 28701y 3, o0 Y pd
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical density
gas symbol SN
state gaseous roht
helium He 0,17848
standard density 1,7840 kg/m? Aroen A 178
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q@ [m3h] 0,44 0,43 0,43 nitrogen N, 1,2504
oxigen 0o, 1,429
standardflow  Qy[Nm*/h] 2,00 2,00 2,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 1,500 1,50 1,50
(abs.) carbon dioxide co, 1,677
discharge pressure  p2 [bar] 1,013 1,01 1,01 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 0,487 0,49 0,49
methane CH, 0,7175
mass flow G [kg/h] 3,57 3,57 3,57 ethyne (acetylene C,H, 1,1715
ethene (ethylene) C,H, 1,2611
medium denslty  S1 [kg/m?] 8,170 8,22 8,27 ethane C,Hs 1,355
absolute temp. T1[K] 90,50 90,70 90,90
(inlet slde)
spec. volume V2 [m%kg] 0,19 0,19 0,19
at p2and t1
spec. volume V* [m*/kg] 0,25 0,25 0,25
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 0,07 0,07 0,07
travel (% Travel indication only depends on valves with
(first give Kvs-val(uet;z 43’98 44'00 44’03 equal-% characteristic.
lect
Kse cted Kvs=
vs-value
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
2_calc SPEZBODEXLS 26.08.1867




| AIR LIQUIDE Specification TAG-No.. PV43022
E n Control Valve Characteristic

Project No.:  K70101

Air Liquide AGS GmbH  ]p, e ASU No. 9 KOSICE Page: of:
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AIR LIQUIDE Specification TAG-No.. LT43023
ﬂ Differential Pressure Calculation
Project No.: K70101
Air Liquide AGS GmbH . ASU No. 9 KOSICE . !
Project: Page: of:
Designation:
PURE ARGON COLUMN
SERVICE ARGON GAS ABOVE LIQUID ARGON
Temperature T= -180,4 °C Temperature T= -180,4 °C
Service Density pw=. 1360 kg/m? Pressure (abs.) pP=" 1,74 bar
Gas Density pa= 95 kg/md
FILLING OF CAPILLARY TUBES/
MEASURING TUBES ARGON
Ambient Temperature Ty= 15 °C
Filling Density pr= 29  kgmd
TANK DISTANCES
Distance between L+-Nozzle and Transmitter ‘ )
(see fig. 1) a= mm From L+ Nozzle to 0% Level H1 b= 0. mm
Distance between L+ and L- Nozzle o From L+ Nozzle to 100% Level H2 d =" 2500 ‘mm
(see fig. 2) e= 2500 mm From H1 to H2 c= 2500 mm
CALCULATION ACCORDING TO
O Fig. 1 ®@ Fig. 2
P = —Bl——é———BF———a— -981-10% mbar PH1={ Py -—b——+ pe ‘(e——b)_ Pr -—e—]'9,81~10"mbnr
kg/m®* mm kglwm® mm kg/m® mm kglm® mm  kglm’ mm
P =| LY AP @) 98110 mbar Pm:l pu_ d , _ps le=d) _pr ~—e—-}~9,81-10"mbm'
kglm® mm  kg/m® mm kg/m® mm kglo® mm o kglm® mm
Diff. Press. 0% Py = mbar Diff. Press. 0% Py = 1,618 mbar
Diff. Press. 100%  Pup= mbar Diff. Press. 100%  Py,= 332,715 mbar
Span Py = mbar Span Pupm = 331,097 mbar
L-NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
- [3) o o
© ©
a>0 + H1 + - H1
feoj Kol
a=0 > [': D:
a<0 4‘._ Ll.j_NE)‘ZZLI:/ L+ NOZZLE
L /2. S
Fig. 1 T E OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Maoller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT43023_calc.xis

SPEZB82DE.XLS 09.09.1997




Lv43

L AIR LIQUIDa Specification TAG-No..  LV43023
ﬂ Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (ka/h) flow (md/h) flow (kg/h) flow (kg/h)
g | suborteal Qu_ [Ra'T1 G i 6 . [V2
g P = k= — = —_
S lape 2 \/——?1— 5 614 Y Ap'p2 514 \(S =App2 Nooo Y Ap
s —Ar) f—— Jk. =
po e |4 = () "
g [Preeep 1000-2p Vo3 ap Qn & T1 6 . [
3|77 k= — /1 | k= — =
5 lae > £ 257p1 257p1 Y % Woon ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical density
gas symbol SN
state liquid - el
helium He 0,17848
standard density 1,7840 kg/m? argon A 1,784
case 1 case2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 0,71 0,86 0,97 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow ~ Qu [NM¥h] 538,00 658,00 743,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 5,502 5,50 5,50
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 3,341 3,34 3,34 sulfur dioxide 50, 2,931
(abs.) ammonia NH; 0,7718
pressureloss  Ap [bar] 2,161 2,16 2,16
methane CH, 0,7175
mass flow G [kg/h] 959,79 1173,87 1325,51 ethyne (acetylens)  CiH 1,1715
ethene (ethylens) CoHy 1,261
medium density S [ka/m?] 1360,000 1360,00 1360,00 sthane C,Hs 1,355
absolute temp. T1[K] 92,60 92,60 92,60
(inlet side)
spec. volume V2 [m¥kg] 0,06 0,06 0,06
at p2 and ti
spec. volume  V* [m¥kg] 0,07 0,07 0,07
atpi/2and t1
RESULTS
case 1 case 2 case3
pressure gradient subgcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 0,56 0,68 0,77
Kv_tot 0,56 0,68 0,77
travel (%% Travel indication only depends on valves with
(first give Kv3-va|(u(:!)) 61 ’75 66’89 70,00 equal-% characteristic.
selected
Kvs-value Kvs= 2,50
valve type globe valve
0 | 17.11.2004 Mébller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
_calc. ALS SPEZBODEXLS 25.08.1997
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L AIR LIQUH_)Q Specification TAG-No..  LV43026
Calculation of Control (Butterfly-)Valves _
Project-No.: ~ K70101
Air Liquide AGS GmbH  |pojeot ASU No. 9 KOSICE Page: o:
pressure liquids gases steam
gradient flow (m%h) flow (kg/h) flow (mh) flow (ka/h) flow (kg/h)
g | suborcal Qu, f3uT1 G_ [T 6 . [z
(?V p2 > ? F —_— — k-f: —_ ky: -
2 lap< 92_1 21 G 614 Y Aph2 514 \fSxApmz hooo V Ap
T e o\ | ke —
jticall 3%
] —~ e = kv =
5 oo B 257p1 a9, “iooo ¥
SERVICE CONDITIONS Sg»:l\::%?wﬂw? O%EgilsTéléS
medium|  nitrogen ohomical | 9"
gas symbol SN
state) liquid - el
helium He 0,17848
. argon Ar 1,784
standard density 1,2504 kg/ms
case 1 case 2 case3 hydrogen H, 0,08988
volume flow  Q[m3/h] 0,83 1,01 1,14 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?h] 594,00 726,00 820,00 air 1,293
(0°C, 1,013 bar) carbon monoxid cO 1,2505
chargepressure  p1 [bar] 3,989 4,06 4,10
(abs) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,535 2,564 2,54 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 1,454 1,53 1,57
methane CH, 0,7175
mass flow G [kg/h] 742,74 907,79 1025,33 sthyne (acelylene)  CzH. 1,1715
ethene (ethylene) CHg 1,2611
medium density 1 [kg/m?] 720,000 719,00 718,00 othane CaHg 1,355
absolute temp. T1[K] 94,50 94,70 94,80
(infet side)
spec. volume V2 [m¥/kg] 0,11 0,11 0,11
at p2and t1
spec. volume  V* [m%kg] 0,14 0,14 0,14
atpi/2 and ti
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%) 20,00 20,00 20,00
Kv_flash 1,31 1,56 1,74
Kv_liquid 0,58 0,69 0,77
Kv_tot 1,89 2,26 2,62
travel (%) Travel indication only depends on vaives with
(first give Kvs-valuet) 69,21 73,75 76,54 equal-% characteristic.
selected
Kvs-value Kvs= 6,30
valve type globe valve
0 | 17.11.2004 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
Lv43026_cal S SPEZ8ODEXLS 25.08.1997



L AIR LIQUIDE Specification TAG-No..  LV43026
E Control Valve Characteristic
Project No.: K70101
Air Liquide AGS GmbH ;e ASU No. 9 KOSICE Page: of:
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| AIR '-'QU'DH Specification TAG - No.. LT43027
E Differential Pressure Calculation
Project No.: K70101
Air Liquide AGS GmbH - ASU No. 9 KOSICE . '
Project: Page: of:
Designation:
PURE ARGON CONDENSER VESSEL
SERVICE LIN GAS ABOVE LIQUID GAN
Temperature T= -187 °C Temperature T= 187 °C
Service Density pw= 764 kg/me Pressure (abs.) =25 bar
Gas Density pe= 10,7 kg/m?
FILLING OF CAPILLARY TUBES/
MEASURING TUBES GAN
Ambient Temperature Ty=' 15 I°C
Filling Density Pr= 2,9 kg/m?
TANK DISTANCES
Distance between L+-Nozzle and Transmitter \ '
(see fig. 1) a=_ ‘mm From L+ Nozzle to 0% Level H1 b= 0 mm
Distance between L+ and L- Nozzle - From L+ Nozzle to 100% Level H2 d=/ 1804 mm
(see fig. 2) e= 1804 mm From H1 to H2 c=/ 1804 mm
CALCULATION ACCORDING TO
O Fig. 1 ® Fig. 2
Pm= _pLL__p_F____ -981-10° mbar P =|-LY ~i+ pe .(e—b)_ pr 'iJ'9,81<10"mbar
kg/m® mm kg/m® mm kg/m* mm kgim® mm  kglm® mm
Pra=| PH_ 4 __Pr 4 98110"mbar Pnz=[ po_ d , pe le=d)__pr ¢ | og) 10" mbar
kg/m® mm  kgl/m® mm kgim mm kglm* mm  kglm® mm
Diff. Press. 0% Pui= mbar Diff. Press. 0% Py = 1,380 mbar
Diff. Press. 100% Py, = mbar Diff. Press. 100%  Py= 134,648 mbar
Span Py = mbar Span Pyt = 133,268 mbar
- NOZZLE \
H2 H2
TRANSMITTER TRANSMITTER
[&] [&3 ®
o el
a>0 + H1 + - H1
O Kol
a=0 [': D:
a< 0 -}i-_ _l;+_N-(-)|ZZLE/ L+ NOZZLE
1 I
Fig. 1 : I ' OPEN TANK Fig. 2 CLOSED TANK
REMARKS
0 | 17.03.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

LT43027_calc.xis

SPEZ82DE.XLS 09.09.1997




| AIR LIQUIDE Specification TAG -No..  LV43027
Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH |5 qjec: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3/h) flow (ka/h) flow (m3h) flow (kg/h) flow (kg/h)
g | suborieal Qu, fEa7TI 6_ [T 6 . [v2
g pL > 5= k=— k= — k= R
S |wetr '\/—91‘ G 814 Y bpp2 514 \fS,-hpp2 1000 Y Ap
° N k =
= i k., iad Q R
percritical ,
3 2 ke —— 8T | k= — k,=
5 oo = 25Tp1 257y S 1000 )
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | “7S
gas symbol N
state liquid - ol
helium He 0,17848
standard density| 1,2504 kg/m? argon Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h] 0,87 1,07 1,21 nitrogen N 1,2504
oxigen O, 1,429
standard flow  Qy[Nm?3h] 594,00 726,00 820,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 2,759 2,90 2,85
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 2,642 2,64 2,64 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressurefoss  Ap [bar] 0,117 0,25 0,21
methane CH, 0,7175
mass flow G [ka/m] 742,74 907,79 1025,33 othyne (acetylene)  CoHp 1,1715
ethene (ethylens) C,Hq 1,261
medium density S [kg/m?] 722,900 718,00 718,60 sthane CoHs 1,355
absolute temp. T1 [K] 93,90 94,80 94,70
(inlet side)
spec. volume V2 [m%kg] 0,1 0,11 0,11
at p2and t1
spec. volume  V* [m?kg] 0,20 0,19 0,20
atpt/2 and ti
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%) 15,00 15,00 15,00
Kv_flash 3,38 2,81 3,48
Kv_liguid 2,17 1,81 2,23
Kv_tot 5,55 4,62 5,71
travel (% Travel indication only depends on vaives with
(first give Kvs-val(u(:!)) 72 793 68’25 73:66 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 | 17.11.2004 Molier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
LV43 caic. SPEZ8ODEXLS 25.08.1997
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PVA3

L AIR LIQUIDEW Specification TAG-No. PV43028
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH  p, g0t ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m%h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcn;:cal Qu g, T1 G T G V7
g p2 > = k_\,: -_— k'v‘: — K/: —_—
S lapc B \/’5’1‘ o 514 Y Ap'p2 514 S *Appz inoo Y Ap
‘s —
2 —fk,= 0"\ [——— k=
A i 10004p Vinorgrap Ou _ — 6 . [T 6 . [2
= 2 K= 8.7T1 = K,=
5 oo & 257p1 it Y S, Vooo ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMNON GASES
medium|  nitrogen ohomicat | Y
gas symbol SN
ka/m?®
state gaseous ,
helium He 0,17848
standard density 1,2504 kg/m? argen Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m3h] 68,42 83,71 94,57 nitrogen Na 1,2504
oxigen 0, 1,429
standard flow  Qn [Nm?3h] 586,00 717,00 810,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 2,500 2,50 2,50
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,500 1,50 1,50 sulfur dioxide SO, 2,931
(abs)) ammonia NH, 0,7718
pressureloss  A\p [bar] 1,000 1,00 1,00
methane CH, 0,7175
mass flow G [kg/h] 732,73 896,54 1012,82 ethyne (acetylene C.H, 1,1715
ethene (ethylene) CoHy 1,2611
medium density 1 [kg/m?] 10,710 10,71 10,71 sthane C.Hs 1,355 85
absolute temp. T K] 86,00 86,00 86,00
(inlet side)
spec. volume V2 [m3/kg] 0,17 0,17 0,17
at p2and t1
spec. volume  V* [m?/kg] 0,20 0,20 0,20
atpi/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 9,65 11,81 13,34
travel (%) Trave! indication only depends on valves with
(first give Kvs-valuel) 63,66 68,82 71 194 equal-% characteristic.
selected Kys= 402’00
Kvs-value = ie
valve type globe valve
0 }17.11.2004 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
_cak. SPEZSODEXLS 25.08.1997
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LV430:

| AIR LIQUIDE ~ Specification TAG-No.: LV43033
" Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH  p,gjey; ASU No. 9 KOSICE Page: of:
prassure liquids gases steam
gradient flow (m*h) fiow (ka/h) flow (m*h) flow (kg/h) flow (kg/h)
g |suberitical Qo [T 6_ [T 6 . [v2
L3 Ry ‘s o k= —7—\|—
S | & 2 o 514 Y Ap'p2 514 S, Ap"p2 1000 Y Ap
5 —k, = o\ fJ—— k= ——
;9: Upercgg‘ca 1 Dgoﬁﬂp \,41000*5’1'21;3 e G T1 G N
£ ez ke —\ Tt |k \/— 2 —— \/
5 |5 26T 2571y %, 000 ¥ p

STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical denslty
gas symbol SN
- kg/m®
state liquid oy
helium He 0,17848
standard density 1,7840 kg/m? argon Al 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m¥h} 0,71 0,86 0,97 nitragen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?¥h} 538,00 658,00 743,00 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 5,502 5,50 5,50
(abs.) carbon dioxide co, 1,077
discharge pressure  p2 [bar] 1,740 1,74 1,74 sulfur dioxide S0, 2,931
{abs.) ammonia NH, 0,718
pressure loss  Ap [bar] 3,762 3,76 3,76
methane CH, 0,7175
massflow G [kg/h] 959,79 1173,87 1325,51 ethyne (acetylene)  CH; 11715
ethene (ethylene) C,H, 1,2611
medium density §1 [kg/m?] 1360,000 1360,00 1360,00 ethane C,Hs 1,355
absolute temp. T1[K] 92,60 92,60 92,60
(inlet side)
spec, volume V2 [m%kg] 0,11 0,11 0,11
at p2andt1
spec. volume  V* [m¥/kg] 0,07 0,07 0,07
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical superctitical
flash (%)
Kv_flash
Kv_liquid 0,42 0,52 0,59
Kv_tot 0,42 0,52 0,59
travel (% Travel Indication only depends on valves with
(first give Kvs-val(ueg 66,07 71,22 74,32 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev, Date Name Checked Change
3_calc

SPEZB0DE.XLS 26.08.1997
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| AIR LIQUIDE Specification TAG -No.. HV61110
ﬂ Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gl’adibent flow (m3/h) flow (ka/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcng;;al Q g1 G 77 G V2
g P2 >3 k= —\ f—— k= — k= -
R Y Pz_‘ ” o 614 | App2 514 8 *Appz 1000 Y Ap
s B £
k= @\ }—— k=
5 Isupercritica ) .
El 2 km ——\ {21 = — k,=
L pi o
5 |ap > & 257 27p1 Y S, 1000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
. density
medium oxygen chemical
gas - symbol $N
state liquid - kg
helium He 0,17848
standard density 1,4290 kg/m® argen A 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volumefiow  Q {m3h] 19,00 25,36 31,76 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm3¥h] 15000,00 20000,00 25000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure p1 [bar] 3,684 3,70 3,68
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 3,634 3,65 3,63 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,050 0,05 0,05
methane CH, 0,7175
mass flow G [ka/h] 21435,00 28580,00 35725,00 sthyne (acetylene)  C,H, 1,1715
ethene (ethylens) CaHy 1,2611
medium density 1 [kg/m?] 1128,000 1127,00 1125,00 ethane CHs | 1,355 85
absolute temp. T1 [K] 92,90 93,00 92,90
(inlet side)
spec. volume V2 [m¥kg] 0,07 0,07 0,07
at p2and t
spec. volume  V* [m?kg] 0,13 0,13 0,13
atpt/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 90,45 120,72 151,22
Kv_tot 90,45 120,72 151,22
travel (% Travel indication only depends on valves with
(first give Kvs-vai(u(:!)) 66,15 73,53 79,29 equal-% characteristic.
selected
Kvs=
Kvs-value
valve type globe valve
0 | 17.11.2004 Mébller Eichler | [nitial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HV6TT10..ca XLo e SPLZB0DE LS 25.08.1997




| AIR LIOUIDE Specification TAG-No: HV61110
ﬂ " Control Valve Characteristic

Air Liquide AGS GmbH

Project No.: K70101

Projekt: ASU No. 9 KOSICE Page: of:

———— +10%
—— -10%

100 TRAVEL [%]

90

80

70

60

50

40

85

30

20

10

Kv/Kvs [%]

0 17.11.2004 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

HV81110_calc XLS SPEZSODE XLS 256.08.1997



PVE

| AIR LIQUIDE Specification TAG -No..  PV61170
E " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH {5, ;0. ASU No. 9 KOSICE Page: of:
RECYCLE LOX PUMP 1
pressure liquids gases steam
gradient flow (m3h) flow (ka/h) flow (md/h) flow (kgfh) flow (kg/h)
ER R LG [BT G_ [T G . [vz
s P2 > 5 =\ )]/ k=~ — K,= _\ R
% ap < "2—1 \/T o 614 f Ap*p2 514\ A2 Voo Y Ap
[«] = ——
° —, = o\ f—— k=
I 1000-2p V100" R1"Ap Q 5 T1 6 . [~
3 [Pz k= ——\ [8T1 = —_ =
o 1
3 o> & 257p1 1Y S, \Aooo § p
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium oxygen hemical density
chemical
gas symbol SN
state) liquid - kgl
helium He 0,17848
standard density 1,4290 kag/m2 argon A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m?/h] 1,91 25,43 31,76 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qy [Nm¥/h] 1500,00 20000,00 25000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid cO 1,2505
chargepressure  p1 [bar] 29,000 29,00 29,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 3,999 4,08 4,01 sullur dioxide S0, 2,931
(abs)) ammonia NH, 0,7718
pressureloss  Ap [bar] 25,001 24,97 24,99
methane CH, 0,7175
mass flow G [kg/h] 2143,50 28580,00 35725,00 ethyne (acetylens)  C.H, 1,1715
othene (ethylene) CoH, 1,261
medium density  $1 [kg/m?] 1125,000 1124,00 1125,00 sthane CH, | 1,355 85
absolute temp. T1 [K] 94,80 95,00 94,80
(inlet side)
spec. volume V2 [m¥kg] 0,06 0,06 0,06
at p2and tt
spec. volume  V* [m¥kg] 0,02 0,02 0,02
atpi/2 and tt
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 0,40 5,39 6,74
Kv_tot 0,40 5,39 6,74
trave!l (% Travel indication only depends on valves with
(first give Kvs-val(u;!)) -5,44 60,80 66,48 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 | 17.11.2004 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
cale. XLS
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L AIR LlQU'DE‘ Specification TAG-No: PV61170
Control Valve Characteristic _
Project No.: K70101
Air Liquide AGS GmbH |5 jey: ASU No. 9 KOSICE Page: o:
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| AIR LIQUIDE Specification TAG-No: HV61210
Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH  p, e, ASU No. 9 KOSICE Page: o:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
3 subcngg:al Qy, Q.1 G T G Y2
g pi > k=— k= — K, = —_—
g fapc 2t 71 6 514 Y Awb2 | 514 App2 Vanoo Y ap
g superorioa T &N T = '\f >
R I 1000+2p 10007317 Ap O — 5 T1 6 . [#"
-05 21 k= ~ T = — =
T |ae 5 257p1 28701y 3, 1000 ¥ p
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
. density
medium oxygen chemical
gas symbol N
state liquid - kol
helium He 0,17848
standard density| 1,4290 kg/me argon Ar 1784
case 1 case 2 case 3 hydragen H, 0,08988
volume flow Q [m3/h] 19,00 25,36 31,76 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm%¥h] 15000,00 20000,00 25000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure p1 [bar] 3,684 3,70 3,68
(abs.) carbon dioxide cO, 1,977
discharge pressure  p2 [bar] 3,634 3,65 3,63 suffur dioxide S0, 2,931
(abs.) ammonia NH, 07718
pressureloss  Ap [bar] 0,050 0,05 0,05
methane CHy 0,7175
mass fiow G [ka/h] 21435,00 28580,00 35725,00 ethyne (acetylene C,H, 1,1715
ethene (ethylene) CHs 1,2611
medium density  $4 [kg/m?] 1128,000 1127,00 1125,00 ethane CsH, 1,355 85
absolute temp. T1 [K] 92,90 93,00 92,90
(inlet side)
spec. volume V2 [m¥kgl 0,07 0,07 0,07
at p2and t
spec. volume  V* [m¥/kg] 0,13 0,13 0,13
atpi1/2 and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 90,45 120,72 151,22
Kv_tot 90,45 120,72 151,22
travel (% Travel indication only depends on valves with
(first give KVS-val(u;!)) 66’1 5 73!53 79’29 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 17.11.2004 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
BT0 cak XLo SPEZBODE XLS 25.08.1997
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L AIR LlQUDE’ Specification TAG-No: PV61270
Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH  ]p /o, ASU No. 9 KOSICE Page: o:
RECYCLE LOX PUMP 1
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (m3h) flow (kg/h) flow (kg/h)
3 subcri;ig:al Q, g1 G T G V2
g pz > _2- k.»,; — H"f.. e — = —_—
¢ fuwe2 \/T 6 stV a2 | sta\Srapm2 | 7 Viooo Y s
o —
o e = QT k=
Ol 1000*4p Vinor3eap Qu & i G 7
S |7z k= 1 =
5 2 F—\[%T — =
g |oe > & 267p1 257p1 Y S, 1000 ¥ p
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
. density
medium oxygen chemical
gas symbol SN
state liquid - kol
helium He 0,17848
standard density 1,4290 kg/m? areen A 1res
case 1 case 2 case3 hydrogen H, 0,08988
volumeflow  Q [m¥h] 1,91 25,43 31,76 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm3h] 1500,00 20000,00 25000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 29,000 29,00 29,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 3,999 4,03 4,01 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 25,001 24,97 24,99
methane CH, 0,7175
mass flow G [kg/h] 2143,50 28580,00 35725,00 othyne (acetylene)  C,H, 1,1715
othene (ethylene) C.H, 1,2611
medium density $1 [kg/m?] 1125,000 1124,00 1125,00 sthane CoHs 1,355 85
absolute temp. T1[K] 94,80 95,00 94,80
(inlet side)
spec. volume V2 [m¥kg] 0,06 0,06 0,06
at p2and t1
spec. volume  V* [md/kg] 0,02 0,02 0,02
atpt/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 0,40 5,39 6,74
Kv_tot 0,40 5,39 6,74
travel (% Travel indication only depends on valves with
(first give Kvs-val(ug!)) 5’97 72’21 77s89 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 | 17.11.2004 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
B70.Ca0.XLS SPEZBODEXLS 25.08.1997
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| AIR LIQUIDE Specification TAG - No:  HK70001
E " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (ka/h) flow (kg/h)
% sx;bfngg:al . Qy S G T1 G W2
> pL > 5 w— k= — k,,'-: R
S lapc B 91 G 514 hpp2 514 (8 App2 Vinon Y Ap
K =k, = 0" | [——— K=
T -
% s::;?)e{rcﬁca 1000*Ap ‘\/1!]00*91 Ap Q, G T1 G 2
] Z k= ——\ /8T kg —— \f— K,=
2 pl 257p1
5 foe> 5 p 257p1 ¥ By 000 ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | “S">Y
gas symbol SN
kg/m?
state]  gaseous -
helium He 0,17848
standard density 1,2504 kg/m? sroon A 178
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [md/h] 2277,87 2277,87 2277,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?3h] 15000,00 15000,00 15000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure p1 [bar] 1,12 1,13 1,13
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 1,09 1,10 1,10 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,030 0,03 0,03
methane CH, 0,7175
mass flow G [kg/h] 18756,00 18756,00 18756,00 ethyne (acetylons)  C.H, 1,1715
ethene (ethylene) CH, 1,2611
medium density  $1 [kg/m?] 8,23 8,23 8,23 othane CoHe 1,355
absolute temp. T1[K] 292,40 293,00 296,10
(inlet side)
spec. volume V2 [m¥kg] 0,80 0,79 0,80
at p2 and t1
spec. volume  V* [m2/kg] 1,55 1,54 1,56
atpi/2and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 3085,80 3074,89 3091,11
travel (% Travel indication only depends on valves with
(first give Kvs-val(u(:!)) 86,55 86,46 86,60 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HK70001_calc. XLS SPEZSODEXLS 25.08.1997




L AIR LIOUIDE Specification TAG-No:  HK70001
ﬂ Control Valve Characteristic ,
Project No.: K70101
Air Liquide AGS GmbH  |pjei. ASU No. 9 KOSICE Page: o:
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AIR LIQUIDE | S?gmtflcatlgnrﬂ ' TAG-No: HV70035
v Calculation of Control (Bu -WWalves
u (Butterfly-) Project-No..  K70035
Air Liquide AGS GmbH oy ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m?®h) flow (kg/h) flow (m?h) flow (kg/h) flow (kalh)
E! SL:’C”,‘}CE' Q. [T o i 6 . [Vv2
»? Pz > 3" = = — kv: —_— —
S e B 2 G 514 | App2 514 \{SApp2 1000 § Ap
E —k,= o\ f——— k= =
g [uperciifea 1000+ 8p Vioor#map G G T 6 W
- N ke —\feTt | k= \.‘— k= =
G 25T 267p1 ¥ S, Viooo Y opd

HV700;

STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium| nitrogen chemical density
gas symbol SN
kg/m®
state) gaseous .
helium He 0,17848
standard density 1,2504 kg/m?® argen— Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m*h] 759,29 1518,58 2277,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm¥h] 5000,00 10000,00 15000,00 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 7,300 7,30 7,30
(abs.) carbon dioxide cQO, 1,977
discharge pressure  p2 [bar] 5,800 5,80 5,80 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 1,500 1,50 1,50
methane CH, 0,7175
mass flow G [kg/h] 6252,00 12504,00 18756,00 ethyne (acetylene C,H, 11715
ethene {ethylene) CH, 1,2611
medium density §i [kg/m?] 8,234 8,23 8,23 ethane CH, 1,355
absolute temp. T1 K] 299,00 299,00 299,00
(Inlet side)
spec. volume V2 [m¥kg] 0,15 0,15 0,15
at p2and t1
spec. volume  V* [m3/kg] 0,24 0,24 0,24
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 63,77 127,54 191,31
travel (% Travel indication only depends on valves with
(first give Kvs.val(uetg 65’08 82'80 93, 16 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe vaive
0 |19.01.2005 Motler Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
5_calo SPEZBODEXLS 25.08.1997
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| AIR LIQUIDE Specification TAG-No: HV77035
ﬂ ™ Calculation of Control (Butterfly-)Valves

Air Liquide AGS GmbH

Project-No.:  K70035

Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m%h) flow (kg/h) flow (m%h) flow (kg/h} flow (kg/h)

subcri;i%:al Q, L T1 G T1 G V2

P2 T k= k= — k= —7—\[—

e EL = 5 514 \| Ap*p2 514 \S,xApp2 Wiooo ¥ Ap
=k = ar | f—— k= ———

fupercritica 1000*Ap \/1 001" Ap Gy

P2 < 5 ks '\/ﬁ l G T G N
~ N o~ - kv=
ap » Zh 267p1 25t Y %, V1000

p; pi

calculation of Kv-value

STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium{  nitrogen ‘ chemlcal | 22
gas symbol SN
kg/m?
state gaseous
helium He 0,17848
standard density 1,2504 kg/m? aroon A 1784
case 1 case 2 case 3 hydragen H, 0,08988
volume flow Q@ [m¥/h] 759,29 1518,58 2277,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm?/h] 5000,00 10000,00 15000,00 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 7,300 7,30 7,30
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar] 5,800 5,80 5,80 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 1,500 1,50 1,50
methane CH, 0,7175
mass flow G [kg/h] 6252,00 12504,00 18756,00 ethyne (acetylene]  C;H, 1,715
ethene (ethylene) C,H, 1,261
medium density S [kg/m?] 8,234 8,23 8,23 ethane CHs 1,355
absolute temp. T1[K] 299,00 299,00 299,00
(Inlet side)
spec. volume V2 [m¥kg] 0,15 0,15 0,15
at p2andti
spec. volume  V* [m*/kg] 0,24 0,24 0,24
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subciitical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 63,77 127,54 191,31
travel (% Travel indication only depends on valves with
(first give Kvs-val(ue:z 65108 82’80 93, 16 equal-% characteristic.
selected
Kvs=
Kvs-value
valve type globe valve
0 |19.01.2005 Moller Eichler | Initial Version
Rev., Date Name Checked Change Rev. Date Name Checked Change
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L AIR LIQUIDE Specification TAG-No.: HV77035
ﬂ n Control Valve Characteristic
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L AIR L|QU|DE—’ Specification TAG-No.. HK70036
E Calculation of Control (Butterfly-)Valves ,
Project-No.:  K70101
Air Liquide AGS GmbH |5, .. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (ka/h) flow (m3/h) flow (kg/h) flow (ka/h)
g subcn;:g:al Qy Q. T1 G T G W2
; p2 > 5 k= — K= —— k,= J—
S lac B N o 6§14 Dpp2 514 |5, App2 Voo § Ap
S =
el | = F [——— KT
:§ supercgqcal A q DBD*‘E"D "\/17[]0[??1*&'3 @," o T G e
K] p2 < s k=
3 p1 ' 9"{#]-1 =
3 loe 5 257p1 257p1 Yy T, 1000 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | 4"
gas symbof SN
kg/m3
state gaseous -
helium He 0,17848
standard density 1,2504 kg/m? argon Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m*/h] 2277,87 2277,87 2277,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm3/h] 15000,00 15000,00 15000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 7,30 7,30 7,30
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [barl 7,25 7,25 7,25 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,050 0,05 0,05
methane CHy 0,7175
mass flow G [kg/h] 18756,00 18756,00 18756,00 ethyne (acetylens)  CoHa 1,715
ethene (athylene) CoH, 1,2611
medium density  $1 [kg/m?] 8,23 8,23 8,23 othane CuHg 1,355
absolute temp. T1 [K] 299,00 299,00 299,00
(inlet side)
spec. volume V2 [m3/kg] 0,12 0,12 0,12
at p2 and t1
spec. volume  V* [m¥/kg] 0,24 0,24 0,24
atpi/2 and tt
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 937,20 937,20 937,20
travel (% Travel indication only depends on valves with
(first give Kvs-val(u:!)) 81 ’21 81 ’21 81 ’21 equal-% characteristic.
selected
Kvs=
Kvs-value
valve type globe valve
19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
SPEZB0DE.XLS 25081997
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| AIR LIQUIDE Specification TAG-No..  HK70041
ﬂ Calculation of Control (Butterfly-)Valves _
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (ka/h) flow (kg/h)
3 subcngg:al =] 2. G T1 G V2
g | ke —\f—— = — = =
S lap< PT1 = G 614 Y ApTp2 514 V5, Az 1000 Y Ap
2 1k, = 0\ f[——— [k= T———
it "%
g s:;e(rc_réica 1000% & %00*91 Ap Qn e} T1 G *
2 2, k= = /9T = — =
5 fop > £ 2571 w1 ¥ 3, 1000 ¥ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | “0
gas symbol SN
kg/m?3
state gaseous -
helium He 0,17848
standard density 1,2504 kg/m= argon A 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q[m¥h] 4479,82 3049,01 2439,21 nitrogen Ny 1,2504
oxigen 0, 1,429
standard flow ~ Qy [Nm3/h] 29500,00 20000,00 16000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 7,06 7,06 7,06
{abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 7,00 7,00 7,00 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,06 0,06 0,06
methane CH, 0,7175
mass flow G [kg/h] 36886,80 25008,00 20006,40 othyne (acetylene)  CoH, 1,1715
ethene (sthylens) CoHy 1,2611
medium densiy  $1 [kg/m?] 8,23 8,20 8,20 ethane CoHe 1,355
absolute temp. T1 [K] 299,00 288,00 288,00
(inlet side)
spec. volume V2 [m3¥kg] 0,13 0,12 0,12
at p2and ti
spec. volume  V* [m¥kg] 0,25 0,24 0,24
atpi/2and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 1712,36 1139,37 911,49
travel (% Travel! indication only depends on valves with
(first give KVS-VaI(ueo!)) 7 ’61 61 ’1 9 55’49 equal-% characteristic.
selected Kys= Required Valve Size:
Kvs-value vs= DN 350
valve type butterfly valve
0 | 02.11.2004 Mblier Initial Version
Rev, Date Name Checked Change Rev. Date Name Checked Change
HK7 _calc. SPEZ8ODE.XLS 25.08.1997



L AIR LIQUIDE Specification TAG-No.: HK70041
ﬂ Control Valve Characteristic ,
Project No.: K70101
Air Liquide AGS GmbH |, ;. ASU No. 9 KOSICE Page: of:
2 R 2
e 2 o
+ 1
o >
| i [0
| 1 =
) |
(=]
(=]
3 -
I [=]
o
i (=]
[ee]
I o
N~
I (=]
o
I (=]
10
I [=]
<F
I [=]
(3]
[ o
N
| (=]
e
e e A L e e e e i 2 A it 2 a m e e e o B I e s m e e o
8 8 8 ® 8 8 & 8 & = °
7)) Al
3
X
<
0 38293 Moller Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

HK70041_calc XLS

SPEZSODEXLS 25.08.1997




| AIR LIQUIDE Specification TAG -No: HV71110
Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (ka/h) flow (m3/h) flow (ka/h) flow (kg/h)
g | suboritcal Qu, fEuTI G_ [ T 6 . [V2
g P> -\ ]/ [k — K= —_—
2 ol o1 6 514 Y bpp2 514 Y542 Viooo § ap
‘s —
s i = o\ f——— |k=
g e 1000+ 4p V10007317 4D Qu G i G A
E P 21 k= \ )9,3’1’1 k= _— K, =
5 |ae > & 257p1 28701y 8, Viogo ¥ opt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen ohomical | oo
gas symbol SN
state liquid - kg
helium He 0,17848
standard density 1,2504 kg/m3 argon A 78e
case 1 case 2 case3 hydrogen H, 0,08988
volume flow  Q [m3h] 6,08 6,09 6,10 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm¥/h] 3500,00 3500,00 3500,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 6,229 6,31 6,35
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 6,179 6,26 6,30 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,050 0,05 0,05
methane CH, 0,7175
mass flow G [ka/h] 4376,40 4376,40 4376,40 othyne (acetylene)  C.H, 1,1715
ethene (ethylene) CyH,y 1,2611
medium densiy  $'1 [ka/me] 720,000 719,00 718,00 othane CH, | 1355 85
absolute temp. T1[K} 94,50 94,70 94,80
(inlet side)
spec. volume V2 [m3/kg]} 0,05 0,04 0,04
at p2and t1
spec. volume  V* [m¥/kg] 0,09 0,09 0,09
atpt/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical suberitical subcritical
flash (%)
Kv_flash
Kv_liquid 22,96 23,08 23,21
Kv_tot 22,96 23,08 23,21
travel (%) Travel indication only depends on valves with
(first give Kvs-value!) 74’1 9 74’33 74’47 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 17.11.2004 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HV7T1T0. cak X8 SPEZBODE XLG 75.08 1997
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fA“:‘ LIQUIDE Specification TAG - No.:  PV71170
ﬂ Calculation of Control (Butterfly-)Valves

Project-No..  K70101

Air Liquide AGS GmbH

Project: ASU No. 9 KOSICE Page: of:
RECYCLE LOX PUMP 1
liquids gases steam
pressure
gradient flow (md/h) flow (ka/h) flow (m3h) flow (kg/h) flow (ka/h)
ftical
subcnpg:a Qy 8T G T1 G v2
pE > 5 ke —\J—— Jk=— k= _—
ap < Pz_1 G 614 Y Ap'h2 514 Y9 £ pmp2 1000 ¥ Ap

L -
" = vl f—— |7
supercgqcalr % 1000+ &p '\,mJUG*?P&D G

i & T G NE
2 k= /4T | k= k=
ap > - 257p1 w1y B 1000 ¥ pl

z

calculation of Kv-value

STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomicat | <"
gas symbol SN
Lo kg/m?
state liquid 20
helium He 0,17848
standard density 1,2504 kg/m? sreon A 1784
case 1 case 2 case3 hydrogen H, 0,08988
volume flow Q [m*h] 0,79 2,38 5,66 nitrogen N 1,2504
oxigen 0O, 1,429
standard flow  Qy [Nm®h] 500,00 1500,00 3500,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 22,000 22,00 22,00
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 6,423 6,42 6,42 sulfur dioxide SO, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 15,577 15,58 15,568
methane CH, 0,7175
mass flow G [kg/h} 625,20 1875,60 4376,40 sthyne (acetylens) oM 1,1715
ethene (ethylene) GCoH, 1,2611
medium density  $1 [kag/m?] 709,000 709,00 709,00 othane CH, | 1,355 85
absolute temp. T1 K] 97,90 97,90 97,90
(inlet side)
spec. volume V2 [m¥kg] 0,05 0,05 0,05
at p2 and ti
spec. volume  V* [m*/kg] 0,03 0,03 0,03
atpi/2and t1
RESULTS
case 1 case 2 case3
pressure gradient supercritical supercritical supercritical
flash (%) 10,00 10,00 10,00
Kv_flash 0,10 0,29 0,68
Kv_liquid 017 0,51 1,19
Kv_tot 0,27 0,80 1,87
trave! (% Travel indication only depends on vaives with
(first give Kvs-val(ue!)) 1 9,21 47,29 68;95 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 }17.11.2004 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

PV711 70 cak-RLS SPEZBODE.XLS 25.08.1997
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HV7

| AIR LIQUIDE Specification TAG -No.. HV71210
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH |, .. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m2/h) flow (kg/h) flow (m¥h) flow (kg/h) flow (kg/h)
g subcrig;:al O, g 71 G T G V3
$ | = k= — k,= —
g facd \/T G 814 Y hpp2 514 Y5, 742 hoon Y 4p
o —
o |, = O\ |——— [K=
S suDercgncal 1000 &p '\‘{100[[*5:1* Ap o, o T G G
2 frpzcm k= A f = = :
3 1 e - 9"*-[-1 K,-— - =
5 o 5 257p1 2571 V5, Wooo ¥ pt
SERVICE CONDITIONS Sg/;l\(l:%l:«wﬂw? O%Eglls\g;s
medium nitrogen chemical density
gas symbol SN
state liquid - kgl
helium He 0,17848
standard density 1,2504 kg/m3 areen A 1res
case 1 case 2 case 3 hydrogen H, 0,08988
volumeflow Q@ [md/h] 6,08 6,09 6,10 nitrogen N, 1,2504
oxigen O, 1,429
standard flow  Qn[Nm3/h] 3500,00 3500,00 3500,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 6,229 6,31 6,35
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar} 6,179 6,26 6,30 sulfur dioxide S0, 2,931
{abs.) ammonia NH,4 0,7718
pressureioss  Ap [bar] 0,050 0,05 0,05
methane CH, 0,7175
massflow G [kg/h] 4376,40 4376,40 4376,40 ethyne (acetylens)  C,H, 1,1715
ethene (ethylene) C.H, 1,261
medium density  $1 [kg/m?] 720,000 719,00 718,00 ethano CH, | 1,35 85
absolute temp. T1 K] 94,50 94,70 94,80
(inlet side)
spec. volume V2 [m¥kg] 0,05 0,04 0,04
at p2and t1
spec. volume  V* [mkg]) 0,09 0,09 0,09
atpi/2and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid 22,96 23,08 23,21
Kv_tot 22,96 23,08 23,21
iravel (%) Trave! indication only depends on valves with
(first give Kvs-valuel) 74’1 9 74’33 74’47 equal-% characteristic.
selected
Kvs-value Kvs= 63,00
valve type globe valve
0 17.11.2004 Mdoller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
BT0 ook XLe SPEZBODE. XLS 25 08,1957




L AIR LIQU'DE] Specification TAG-No. HV71210
ﬂ Control Valve Characteristic
Project No.: K70101
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" AIR LIQUIDE Specification TAG -No: PV71270
ﬂ " Calculation of Control (Butterfly-)Valves

Project-No.: K70101

Air Liquide AGS GmbH 15, .oy, ASU No. 9 KOSICE Page: of:
RECYCLE LOX PUMP 1
liquids gases steam
pressure
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
g | subortical Qu_, [3e7TT G i G V2
g p2 > T ‘/: — K/= — k.,: .
S |aw< 2 6 514 Y Lpp2 514 {5, rApp2 oo Y 4p
E ey LV C Y — K,=
g [aie” 1000-2p Vinoreiap Qu & i G e
= P 2 k‘r’: 9!4-”.[-1 ~ k,, =
5 pi 287p1 b
g Ap > = 257[31 N 1000 p1
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | 9"
gas symbol SN
state] liquid kgl
hefium He 0,17848
standard density 1,2504 kg/m? argen Ar 1,784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m¥h] 0,79 2,38 5,66 nitrogen N, 1,2504
oxigen 0O, 1,429
standard flow  Qy [Nm3/hj 500,00 1500,00 3500,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure p1 [bar] 22,000 22,00 22,00
(abs.) carbon dioxide GO, 1,977
discharge pressure  p2 [bar] 6,423 6,42 6,42 sulfur dioxide S0, 2,931
(abs)) ammonia NH, 0,718
pressureloss  Ap [bar] 15,577 15,58 15,58
methane CH, 0,7175
mass flow G [ka/h] 625,20 1875,60 4376,40 othyne (acetylsne)  G,Ha 1,1715
ethene (ethylene) CoH, 1,2611
medium density  $1 [kg/m?] 709,000 709,00 709,00 othane CH, | 1355 85
absolute temp. T1[K] 97,90 97,90 97,90
(inlet side)
spec. volume V2 [m¥kg] 0,05 0,05 0,05
at p2and ti
spec. volume  V* [m?kg] 0,03 0,03 0,03
atpt/2and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%) 10,00 10,00 10,00
Kv_flash 0,10 0,29 0,68
Kv_liquid 0,17 0,51 1,19
Kv_tot 0,27 0,80 1,87
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 1 9,21 47,29 68,95 equal-% characteristic.
selected mT e
Kvs-value Kvs= o 6’30
valve type globe valve
0 | 17.11.2004 Mdller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
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Gm LIQUIDE Specification TAG - No..  HV73001
ﬂ " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (m3h) flow (kg/h) flow (m3/h) flow (ka/h) flow (kg/h)
g | suboreal Qu, [T G_ [T 6 . [vz
g pz > 5 ka/: _ — k,F —_— = U
S |ap< PT‘ \/T 6 814 Y Ap2 514 S *App2 VAnoo Y Ap
° et 2 k=
c s K,-— Q v
S supercgncal 1000 Ap '\/1000*5!1*&p o, 5 T o s
% P2 ¢ 5 k= —— l\f?ﬂ"“""‘ kV: — =
g o 2 257 w71y B Viooo ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chemical | 9"
gas symbol SN
state liquid - il
helium He 0,17848
standard density 1,2504 kg/me argon A 1784
case 1 case 2 case 3 hydrogen Hp 0,08988
volume flow  Q [md/h] 1,10 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm¥h] 700,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CO 1,2505
charge pressure  p1 [bar] 9,880
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 5,330 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 4,550
methane CH, 0,7175
mass flow G [kg/h] 875,28 ethyne (acetylene)  CjH, 1,1715
ethene (ethylens) CoHy 1,2611
medium density  §1 [ka/m?] 635,000 othane CH, | 1,355 85
absolute temp. T1[K] 103,70
(inlet side)
spec. volume V2 [m¥kg] 0,06
at p2 and t1
spec. volume  V* [m¥/kg}] 0,06
atpt/2and t1
RESULTS
case 1 case 2 case3
pressure gradient subcritical
flash (%) 20,00
Kv_filash 0,63
Kv_liquid 0,41
Kv_tot 1,04
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 77,62 equal-% characteristic.
selected i
Kvs-value Kvs= 2,50
vaive type globe valve
0 |17.11.2004 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HY7 00T AR RS SPEZBODEXLS 25081807
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| AIR LIQUIDE Specification TAG - No..  HK77001
m " Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH 1, . ;. ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m3/h) flow (kg/h) flow (m3/h) flow (kg/h) flow (kg/h)
g | subortical Qu, [IuTI G_ [T G . [V2
§ |55 ke —\j—— k= — k,= —
8 Y P2_1 > G 814 Y App2 514 \§ *Apm2 1000 Y Ap
‘E kv: oF - kv:
”
1 G I B Y] PR Y
5 ~— K = _— K, =
5 los s 2 257p1 a5t S, 000§ pt
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium nitrogen chemical density
gas symbol N
kg/m®
state gaseous -
helium He 0,17848
standard density 1,2504 kg/m? areen A e
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow Q [m3/h} 2277,87 2277,87 2277,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy[Nm?h] 15000,00 15000,00 15000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid CcO 1,2505
charge pressure p1 [bar] 1,12 1,13 1,13
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar] 1,09 1,10 1,10 sulfur dioxide S0, 2,931
(abs.) ammonia NH; 0,7718
pressureloss  Ap [bar] 0,030 0,03 0,03
methane CH, 0,7175
mass flow G [kg/h] 18756,00 18756,00 18756,00 ethyne (acetylene)  CyH, 1,1715
ethene (sthylene) CoH, 1,2611
medium density  $1 [kg/m?] 8,23 8,23 8,23 othane CoHo 1,355
absolute temp. T1[K] 292,40 293,00 296,10
(inlet side)
spec. volume V2 [m¥/kg] 0,80 0,79 0,80
at p2and tt
spec. volume  V* [m¥kg] 1,65 1,54 1,56
atpl/2and ti
RESULTS
case 1 case 2 case3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_flash
Kv_liquid
Kv_tot 3085,80 3074,89 3091,11
travel (%) Travel indication only depends on valves with
(first give Kvs-valuet) 86’55 86746 86a60 equal-% characteristic.
selected
Kvs-value Kvs=
valve type butterfly valve
0 | 19.01.2005 Méller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

HK7 /00T cak XLo SPEZBODE.XLS 25.08.1997



_ AIR LIQUIDE Specification TAG-No:  HK77001
ﬂ Control Valve Characteristic

Project No.: K70101

Air Liquide AGS GmbH

Projekt: ASU No. 9 KOSICE Page: of:
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" AIR LIQUIDE Specification TAG - No.. HK77036
ﬂ » Calculation of Control (Butterfly-)Valves ,
Project-No.: K70101
Air Liquide AGS GmbH Project: ASU No. 9 KOSICE Page: of:
liquids gases steam
pressure
gradient flow (md/h) flow (kg/h) flow (m%h) flow (kg/h) flow (kg/h)
3 SUbC“g 1C al Qy 83T G T1 G V2
g p2 >3 k= —\ fo—— k= — k= —
C Japc ”Tj \/T G 814 Y App2 514 Y5 74z Viooa Y Ap
s P O L R |7 —
© ase kv—' a k4
g e 100020 Viooog1+ap Q  — G T1 6 . [
_3- P2 71 k‘f: 91'4*]—1 kvz _— kv =
5 Jan o & 257p1 wrpt Y 3, Viooo Y pl
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium|  nitrogen chomical | <"
gas symbol gN
kag/m?
state]  gaseous .
helium He 0,17848
standard density 1,2504 kg/ms argon Ar 1784
case 1 case 2 case 3 hydrogen Hp 0,08988
volume flow Q [m?®h] 2277,87 2277,87 2277,87 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow  Qy [Nm%/h] 15000,00 15000,00 15000,00 alr 1,293
(0°C, 1,013 ban) carbon monoxid CcO 1,2505
charge pressure  p1 [bar] 7,30 7,30 7,30
(abs.) carbon dioxide CO, 1,977
discharge pressure  p2 [bar] 7,25 7,25 7,25 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressureloss  Ap [bar] 0,050 0,05 0,05
methane CH, 0,7175
mass flow G [kg/h] 18756,00 18756,00 1 8756,00 ethyne (acetylens C,H, 1,1715
ethene (ethylene) CaHy 1,2611
medium density  $1 [kg/m?] 8,23 8,23 8,23 othans CoHy 1,355
absolute temp. T1 [K] 299,00 299,00 299,00
(inlet side)
spec. volume V2 [m¥kg] 0,12 0,12 0,12
at p2 and t1
spec. volume  V* [m3¥kg] 0,24 0,24 0,24
atpt/2and i
RESULTS
case 1 case 2 case 3
pressure gradient subcritical subcritical subcritical
flash (%)
Kv_filash
Kv_liquid
Kv_tot 937,20 937,20 937,20
travel (% Travel indication only depends on valves with
(first give Kvs-val(ug!)) 81 ’21 81 ’21 81 ,21 equal-% characteristic.
selected
Kvs-value Kvs=
valve type globe valve
0 | 19.01.2005 Mbller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change
HK7 /038 cal XLS SPEZBODEXLS 25.08.1987
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l AIR LIQUIDE Specification TAG - No.: HV90013

m Calculation of Control (Butterfly-)Valves Project-No..  K70101

Air Liquide AGS GmbH

Project: ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m¥h) flow (kg/h) flow (m°h) flow (kg/h) flow (kg/h)

E ‘:‘;bfrgfa' . Q. [3.5T1 O T 6 . [V2
> 2 ~ L= — kv: —_— R
< |awe B 2 o 514 \ Aptp2 514 3,5 Ap*p2 \ioon Y Ap
g uperctritica ko= k= \/ (91
.% 02 < Bl ‘]UUU*&D 100'.??1&}3 [« 8 G T4 G P
E 2 : k= — 83T1 | k= — K, =
5§ |er> L 26 25701 Y S, Vinoo ¥ pi
STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium nitrogen chemical | %S
gas symbol SN
state| liquid iy
helium He 0,17848
standard density 1,2504 kg/m?® argen Ar 1784
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 55,75 95,57 95,57 nitrogen N, 1,2504
oxigen 0, 1429
standard flow  Qy [Nm%h] 35000,00 60000,00 60000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 2,300 5,00 6,00
(abs.) carbon dioxide co, 1,977
discharge pressure  p2 [bar] 1,013 1,01 1,01 sulfur dioxide 80, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 1,287 3,99 4,99
methane CH, 0,7175
mass flow G [kg/h] 43764,00 75024,00 75024,00 ethyne (acetylene CH, 1,1715
ethene (ethylene) C;H, 1,261
medium density S [kg/m?] 785,000 785,00 785,00 ethane C,H, 1,356
absolute temp. T1 [K] 81,60 81,60 81,60
(Inlet side)
spec. volume V2 [m3kg] 0,24 0,24 0,24
at p2 and t1
spec. volume  V* [m3/kg] 0,21 0,10 0,08
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_fiash
Kv_liquid 43,54 42,41 37,92
Kv_tot 43,54 42,41 37,92
travel (% Travel indication only depends on valves with
(first give Kvs-val(uetg 97,78 97,10 94,24 equal-% characteristic.
selected
Kvs=
Kvs-value
valve type globe valve
0 | 19.01.2005 Moller Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

HV80013_cale SPEZBODE.XLS 25.08,1997



E[ AIR LIQUIDE Specification N TAG-No. HV90013
» Control Valve Characteristic Project No.:  K70101
Air Liquide AGS GmbH — |p, \q ¢ ASU No. 9 KOSICE Page: of:
S =
2 2 -
+ w
I >
| 5
b =
I |
8

S

2

<

>

X

0 | 19.01.2005 Mélier Eichler | Initial Version
Rev. Date Name Checked Change Rev. Date Name Checked Change

SPEZBODEXLS 25.08.1997

HV90013_cale




HVS00

I AIR LIQUIDE SpeCiﬁcation TAG - No.: HV90014
ﬂ ™ Calculation of Control (Butterfly-)Valves )
Project-No.:  K70101
Air Liquide AGS GmbH o )¢ . ASU No. 9 KOSICE Page: of:
pressure liquids gases steam
gradient flow (m*/h) flow (ka/h) flow (m¥h) flow (kg/h) flow (kg/h)
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STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
. denslty
mediumy oxygen chemlcal
gas symbol SN
state|  liquid o/
helium He 0,17848
standard densityf 1,4290 kg/m? argen Ar 1764
case 1 case 2 case 3 hydrogen H, 0,08988
volume flow  Q [m%h] 115,45 192,41 192,24 nitrogen N, 1,2504
oxigen 0, 1,429
standard flow @y [Nm?h] 90000,00 150000,00 150000,00 air 1,293
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 2,800 5,00 6,00
(abs.) carbon dioxide co, 1,077
discharge pressure  p2 [bar] 1,013 1,01 1,01 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 1,787 3,99 4,99
methane CH, 0,7175
mass flow G [kg/h] 128610,00 214350,00 214350,00 ethyne (acetylene]  C,H, 1,4715
ethene (ethylene) C,H, 1,2611
medium density St [kg/m?] 1114,000 1114,00 1115,00 ethane C,Hs 1,355
absolute temp. T11K] 95,60 95,60 95,60
(Inlet side)
spec. volume V2 [m¥kg] 0,25 0,25 0,25
at p2 and t1
spec. volume  V* [m3/kg] 0,18 0,10 0,08
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient supercritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 91,15 101,71 90,90
Kv_tot 91,15 101,71 90,90
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) o1 ’93 94'73 91 ’86 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe vaive
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pressure liquids gases steam
gradient flow (m¥h) flow (kg/h) flow (m%h) flow (kg/h) flow (kg/h)
.S subcri;ical Q. g ATq G T G V2
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STANDARD DENSITIES
SERVICE CONDITIONS OF COMMON GASES
medium argon chemical density
gas symbol SN
state| liquid <ahr
helium He 0,17848
standard density 1,7840 kg/m?3 argen Ar 1784
case 1 case 2 case 3 hydragen H, 0,08988
volume flow @ [m?¥h] 26,24 72,15 72,15 nitrogen N, 1,2504
oxigen Q, 1,429
standard flow  Qy [Nm?¥/h] 20000,00 55000,00 55000,00 air 1,203
(0°C, 1,013 bar) carbon monoxid co 1,2505
charge pressure  p1 [bar] 1,740 5,00 6,00
(abs.) carbon dioxide CcOo, 1,977
discharge pressure  p2 [bar] 1,013 1,01 1,01 sulfur dioxide S0, 2,931
(abs.) ammonia NH, 0,7718
pressure loss  Ap [bar] 0,727 3,99 4,99
methane CH, 0,7175
mass flow G [kg/h] 35680,00 98120,00 98120,00 ethyne (acetylene C,H, 1,1715
ethene (ethylene) C,H, 1,2611
medium density  S1 [kg/m?] 1360,000 1360,00 1360,00 ethane CiHs 1,355
absolute temp. T1[K] 92,60 92,60 92,60
(Inlet side)
spec. volume V2 [m¥kg] 0,19 0,19 0,19
at p2 and t1
spec. volume  V* [m¥/kg] 0,22 0,08 0,06
at p1/2 and t1
RESULTS
case 1 case 2 case 3
pressure gradient subcritical supercritical supercritical
flash (%)
Kv_flash
Kv_liquid 35,88 42,14 37,68
Kv_tot 35,88 42,14 37,68
travel (%) Travel indication only depends on valves with
(first give Kvs-valuel) 92,83 96,94 94,08 equal-% characteristic.
selected -
Kvs-value Kvs=
valve type globe valve
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