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Figure 2-2: Elevation View of Test Apparatus with One Bare Tube Heat Exchanger
(HX4) and One Fin Tube Heat Exchanger (HXFIN) in the Water VVapor
Condensation Zone
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Figure 1 From fibre research to industrial process diagram
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Figure 2-3: Photograph of Two Bare Tube Heat Exchanger Bundles.
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24042010
Measurement Values and Results
Overall Performance Tests
Damavand CCPP Unit 1
Preliminary)
Combined
Unit tested: Damavand CCPP Cycle
Test No. 1
ioad % 100
fuel gas
day of test 24.04.2010)
time test start hours 06:00
time test and hours 08:00
[data from measurement
[ambent prossure bar 8975
lambient temperature < 172
relative humidiy % 4862
spead Limi 2000
25 [ [prnaust oas mass fow rate 6T ¢ hg's 451.90
exhaust gas mass fiow rate GT 2 kgis 45505
[exhaust gas mass flow GT 182 Vs 070
extaust gas enthaipy Inlet HRSG 1 (woutiet GT1) wikg 580.52
extaust gas enthalpy inlet HRSG 2 (~outiet GT2) Kikg 579.07
average exhaust gas enthaipy inlet HRSG 152 wikg | 57979
Joxhaust gas enthalpy outlet HRSG 1 {=stack) Kikg 117.66
oxhaust gas enthalpy outiet HASG 2 (=stack) Kikg 11599
[average exhaust gas enthaipy outiet HRSG 152 Kilkg 116,62
fuel gas mass flow duct bumer HRSG 1 kls 0.6271
fuel gas mass flow duct bumer HRSG 2 kg's 0.6344
tuel gas mass flow duct bumer HRSG 182 kg's 1262
iow heat value fuel gas duct bumer (1.01325bar/15°C) kikg | 459634
< 1230
1emperature fuel duct < 1275
spoz. sensible heat fuel duct burner 1 ( cp = 2.2 kikg'K ) kg 594
spez. sensible heat tusl duct bumer 2 { cp = 2.2 kikg'K ) kikg 454
flow supplied to HRSG 182 Kis a2
laross power output steam turbine generator KW | 160781.4
instrument error correction KW 0
Ipower factor K 09965
Jpowor factor comoction KW 398.4
[generator gross powes corrected to power lactor KW 160382.9
auxiary power steam turbine KW 38.0
net power output steam turbine generator KW 1603449
conversion related 1o gross power output (guar.-conditions)
due to HP inlet pressure (30 bar) % 007675 | 8565 | -48
pressure correction due to deviating HP mass flow 13124 | 20
prossure cor oction due 1o deviating HP temperature 5138 | 62
due to HP inlet temperature (520 °C) % 081790 | 51383 | 62
due to LP inlet pressure (8.5 bar) % 0.00664 | 815 [ 4.1
due to LP inlet temperature (230 °C) % 001821 [ 23181 | 18
due to HP inlet mass flow (134 kgs) % 181757 | 13134 | 20
due to LP inlet mass flow (18 kg/s) % 042126 | 1944 | 80
due to condenser pressure (0.13 bar) % 012660 | 0.1
due to network frequency 50 Hz % 000000 | 5000
total conversion facior 1.02140
tput steam turbine generator conv. KW | 1638143
Inet power output steam turbine generator conv. to guarantee KW 163775.5
[generator gross power guarantee value KW 160730
[deviation from guarantee KW 30843
the same % 19
ageing acc. To DIN 1943 % 030
[generator gross power guarantee value with ageing KW 160247.8
deviation from guarantee with ageing KW 3566.5
the same % 223
auxiliary power steam cycle | W 5387.0
[cabie losses | kW 0
stoam turbine transformer losses | 283
not power Output Steam Cycle | kw | 1seee54
net power output steam cycle converted to guarantes conditions | v 1579744
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item Parameter Value Corrected with 15% O> unit
1 02 16.1 %
2 co 6 7.36 ppm
3 CO. 2.8 %
4 NO 78 95.73 ppm
5 NO2 4 491 ppm
6 NOX 82 100.64 ppm
7 SO. 0 ppm
8 H2S 0 ppm
9 T-Gas 115.8 °C
10 Excess Air 330 %
11 Velocity 145 m/s
12 Diameter 53 m
13 Q 1651043 mé/hr
14 P 106 MW
15 H0 4.6 %
16  Ambient Temp 36 °C
17 Unit G15
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w85 Sygpe sl gl owyp b adl Jhe Sl sl (29>
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Pounds
Relative Humidity Pounds of Water Absorbed per
P Ib DOWFLAKE (77-80%) per Iy Anhy ‘ TS S . . . ‘ .o
4 S S.
3 52 140 73
0 [ 55 52 _ . - . .
[ 118 13 54 0}5 )‘)9 M‘}Q ﬁl.?u‘ 6)L) \ O)Lowd Wjjj‘
B0 19.1 a1 1.0
3 226 25 52
70 256 21 27
3 283 18 24
o ET e o Property CaClp6H;0  CaClpdH,0  CaCle2H;0 CaClpHy0 CaCly
55 18 13 I8 Compaosition (% CaClzh 50.66 G063 75.49 86.03 100
0 60 12 16 Molecular Weight 219.00 183.03 147.02 120 110.99
5 75 11 15 Melting Point! {C) 290 15.3 176 187 i
w s o o {'F) 858 1135 349 09 1421
35 I q E Bailing Point? (*C) 174 183 1935
% 09 3
== ! N3] - — M5 i1 3515
n 139 08 12
Density at 25°C (77°F), g/co? 1.71 1.83 1.85 2.24 2.16
Heat of Fusion (cal/g) 50 an 21 32 615
(Biu/ T} an k0] 8 8 1106
Heat of Solution? in Hz0 (cal/g) 17.2 -142 -128 -96.8 -176.2
. e . . . . 1o infinite diluiion) (Buwlis 310 256 EE 743 aIme
“."él"? cdals “ “"35“‘) - u‘)-.t*‘ h et aaed ‘fJS‘L‘? Heat of Format (77°F), keal/mole 6233 4803 335.58 26549 -190.10
Heat Capacity at 25°C (77°F). cal/g.'C or Bu/IbF 0.34 0.32 0.28 0.20 0.16
o
e oxaurs oaches oo atmatpion for hydates
ey ved [process exceharmic)
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