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InduskialTrent 60: 50Hz DF WLE engine 57 pass-off performance results - Centra/Gas de France

L Leclerc x 7524

Engine 57 peaformance relative to contract guarantee

Engine 57 performance relalive to PAT acceptance limits

Not6 1 : Negarive heat Ete margin neans lor€r tu61 consuDplion
Note 2: The 0% margin against @nbad guarantg€ po@r shows ihe lesl was @nducl€d ai lhis porer limil

A factory test was performed on the 16h October 20Og on ESNOs7. This engine is a sOHz Industrial Trent DF WLE
and is to be pack€ged by Centrax for Gas De France. The engine passed all internal RR PAT perfomance criteria.

The baseload data was referred to site refercnce conditions and RR PAT reference conditions using the ratio method
and eTrent version 7.0 2 The results are presenled in this report for formal declaration and communication to the
customer. They show that ESNO57 meets the customer guarantees and lhe PAT performance cdteda The key
results are prcsented in the tables below

GAS WET LIQUID WET
Engine 57 Din STAruS Engine 57 Din STATUS

Eleclical Power (kW 5m00 58000 0.0% PASS 58000 58000 0.0% PASS

El€cincal Heat Ftate (KJ/kWhr) 8793 9002 -2 3% PASS 8745 9109 4.0% PASS

GAS WET LIOUIDWET
Engine 57

Diff. STAIUS Engine 57 Diff. sTAlllS

55646 53908 3.2% PASS 55655 53965 3 1 % PASS

Shaff H€El Rai€ (K.tkwhr) 8719 8975 -2 8% PASS 8739 9107 4.O% PASS
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1.0 Summary and Conclusions

A factory test was performed on the 16u October 2009 on ESN057 This engine is a 50Hz
Industrial Trent DF WLE and is to be packaged by Centrax for Gas De France. The engine passed all
intemal RR PAT performance criteda.

The baseload data was referred to site reference conditions and RR PAT reference conditions using the ratio
method €nd eTrent version 7.0.2. The results are presented in lhis report and show that ESN057 meets the
cuslomer guarantees and the PAT performance criteria. This report formally declares this performance,
previously communicated in 1GT3730.

2.0 Test data & results

ESN057'S factory test took place in Test Cell 7 on 16 October 2009, to the Industrial Trent 60 WLE Dual Fuel
- Production Acceptance Test procedure, (GTES 10540 issue 4).

2.1 Inputs and Method

Raw data:

Afulloutput ofthe raw data taken in the f€ctory test and used in the analysis is provided in Appendix A.
The engine was fully stabilized at baseload.

Thelollowing table summarises storage location, tifie, power and ambient temperature.

ALICE
Exoeriment Scan Test Date Time TCELL {K)

Generatof

Gas Wet 90157010 '18 16t10t2009 11h47 278.1 58067

Liquid Wet 90157010 16t10t2009 15h52 282.4 58072

Emission6:

Emission were recorded during the test. The reports are attached in Appendix B:
NOx recorded during the tests:
Gas Wet NOx = 25.7 voDm
Liquid Wet NOx = 4'1.8 vppm

Dies€lAnalvsis:

A sample of Dieselwas taken dudng the test- The result ofthe sample analysis is attached in appendix
C. The Lower Heating Value ofthe Dieselduring the test was 18571 BTU/lb.
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Generator e.fficiencv:

To obtain. shaft power the generator efficiency curve below is interpolated (linearly) at the generatorpower obtained during the test. Then a faclol of o.sas i" 
"p;ti"Ji;ih" 

;i;"-oiili,.-"i. in," *"" o"nu"alrom cross-calibration with Test Cell#3 where measurement! were taken with a torquemeter cajibratedlo traceable standards.

Power (HP) Gen. Ery
0 0

530 o.2528
1745 0.7685
7143 0.9387
'13894

0.963S
2738A 0.9783
40874 0.9839
54376 0.9863
67876 o.9877
81371 0.9887
100000 0.9887

Nob: 1HP = 0.7457 kW

=#:iiiil*ffitr##t*=
e assumptions forthe installation tos

Temp (C ) {.67
Inlet (mm tl2o) 27.94
Exhaust (mm Ft2O) 309.88

ses for testcell 7 are as follows:

Analvsis fiethod:

I!:.-gYI q* y": *g,ysed using rhe ratio method (see attachment in Appendix D for a fu erdescnplion) end eTrent 7.0.2_

The spreadsheets containing the calculation delails are attached in Appendix E, tables 1 to 4. Asummaryottheresulsofrefenattocontractandpnr,"t.n"""onii t l io'ni" iJprl i i i - . i in"""t ion"z.z
and 2.3-

l-"j:. Tj: grb.'ol]" li9- tn the anatysis came from the tab reports. However eTrent version 7.0.2 cannor be run to specified NOx. For the analvsis, the NOx of the tlst were a""rmej io-Ui )i.Supprn for. e"sand 42vppm for Diesel.
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2.2 Results of referral to Contract Reference Conditions

The contract reference conditions and performance guarantees are summarized in the tables below.
They are for gas wet and liquid wet applications.

S$Rolls-Royce
Gas Turbine Engineering Report

Continuation Sheet
@ 200s RorLeRoy!€ c.narta The intom.ton in r s d@menl b $€ propely ot Rons-Royc€ Camda and nay ml be @pied or @mmuniet€d ro a thtrd party or
6ed lol 5nv purpoe other dEn lh.t for trnbh ii G supplen ldtlod lho uprss *rrten mn*rn of RotteRo]€E caEda, s545 cdte de Lresse, Doryat, ou6b6c,

Saint-Bdeuc

nstallation loses losBes

Diesel SDecification
Carbon Atoms
Hydrogen Atoms
cp (B IU/lbF)
LHV (kJ/ks) 41900
Fuel temp (C ) 15

GAS DIESEL
Electrical Power (kW) - Gas 58000 58000
Electdcal Heat Rate ft,.|/kw.hr) - Gas 9002 9109

The results from the analysis ofthe factory test, shown in summary below, demonshate that the engine
meets contractual guarantees,
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Noie 1 : Negative heat rate @rgin means lorer fuel @nsumprion
Nole 2: The 0% hargin againsl @nbact guarantee porer shom lhe [esl Ms mnducied al lhis porer limiL

2.3 Results ofreferralto PAT reference conditions

Pass-off Test Acceotance:

101.325 kPa
Ambi€ntTemperatur€ 25'C
Ambient Relati€ Humidity 60%
lntaks Total Pressure Loss 0 mm H2O
EilaustTolal Pressure Loss 0 mm H2O

100 'c

SOHz

Fuel
eTrent Nodh Ane can NaturalGas

Specifcaljon
Component: Valus (mol %)

s5 527
Ethane 2.064

o . 1 1 7
1-Bulane 0
N-Butane 0.0'1
Nitrogen 1.942
Ca6on Droxde 0 3 4

373.15 K (212'Fl

NOx control:
Gas 24.3
Diesel 42

Not€: h6 r6t€r6nc€ t€mp€ratur€ b 25rc, abovo h€ khk poinl, wher6 the engins is operaling on lhe T30limibr,
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GAS WET LIQUIDWET
Engin€57 Din STA]US

Engine 57 Dfi STATUS

58000 58000 0.0% PASS 58000 58000 o.o% PASS
:leclrical Heal Rate (K.uhwhr) 8793 9002 -2.3% PASS 9745 9109 40% PASS

Diesel Fuel
Specifcation

'12.9

23.9
cp (BTUnbF) 0 4538
LHV(BTU/|b) 1 8 3 1 5

2 8 8 1 5  K
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The results from the analysis of the factory test, shown in summary below, demonslrate that ths engine
meets PAT criteria.

Note : Negativ€ hoat €te maain men6 kNer tuel @nsuDption

3.0 References
'1 GTES 10760/2

H Ko, N Budeanu
lndustrialTrent 60WLE Dual Fuel- CustomerWitness Test Procedure
4 Septernber 2009

4.0 Appendices
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GAS WET LIQUIDWET
Engine57 Din STATUS

Engine 57 Difi STATUS

5s646 53906 32% PASS 53965 3 l.k PASS

Shan Heal Rate (KJ/hwhr) 8719 8975 -2.4% PASS 8739 9107 4.0% PASS
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AppendixA: Raw data used for analysis

GAS DIESEL
SCAN 1 8
WS_PRES '14.7575 14.7386 Ambient pressure (PSl)
WS 'TEMP

2.75139 6.44182 Ambient temperature (C tWS HUM 62.3999 45.9001 Relati\,e Humidity (%)
TCELL 278.112 2.4 A\erage inlet temperature {K)UPOWERV 58.0673 fi.0724 Generator power (MW)
NL 3000.88 3001.06 LP Speed (RPM)
NI 6741.93 6783.31 lP Speed (RPM)
NH 10023.7 10059 HP Speed (RP[r)
t t30v 569.573 580.346 l30 a\erage
LIVETHANE 96.5906

Gas Composition (% !,ol)

LE'THANE '1.23812

LPROPANE 0.075816
LIBUTANE 0.004056
LNBUTANE 0 003276
LPENTANE 0
LNPENTAN 0
LC6PLUS 0.000713
LNITRO '1.50673
LC02 0.579873
LFT O1O1 236/'4 Gas Fuel fow
LIE_o101 34.7818 Gas Fuel Temperature
ULIQ'TI 16_8239 Diesel Temperature
FTD21 O 26381 Diesel fuel iow
Fr0314 29169.2 31962.5
uw \,tsTl 16.0073 14.8339 Water temperatire {C )UTGTV 727.552 747.407 TGT alerage
NOx f-on lab (lppnD 25.7 4 1 . 8
Diesel LCV t'om lab 't8571 BTUi Ib
Diesel LCV ftom lab 43196 kJ/kg

lndushial-Trenl 60: sOHz DF WLE engine 57 pass-off performance
results - Centrarcas de France
D27 Oct200S

GTER13847 1 ot 1a

RRGTE-10,1 / 6



ffi Rolr-noyc. Gas Turbine Engin-ering Repot-

Coniinuation Sheet

i+J :!' )"";:rrii i'F#'?' 
D"b" "" ni
l i l  i ' .

at".tL+i--L4i;!c r ] I
,.."efmau:r !oc"! |

1!!! !

a,,rT:+,':r +':

Induskial Trent 60: 5OH2 DF WLE enoine 57
resulls - Centrarcas de France
D 27 Oct 20Og
RRGTE-1o1/ 6.........-.......-........---

pass-off perform ance GTER13847 1 or 18



ffi Rotls-Royce Gas Turbine Engineering Repon

ar".;rr,iiti"ip'p,iii"iiii,i-';;ftH:;fi;""f"".""flff8"ii::ililJ&r#:&*,s[T:1ffi,":#i:ffjy"::

74:45:20 48,9

t4,74 1.3 47 2

0.0

4 1 2

3gll ,99

531 ,
531

I 522 531
1.19 i12?-
1 1 9  r 5 2 2 531

9 522 541
19 522

531

531iTiffi !-.nffi filllii"e*;"@

Irlle

hdu.slrial-Trent 60: 50Hz DF WLE engine 57 pass_off pedormance
resurc - Cenlrax/Gas de France
D27 Oct2o1g

GTER'13847 'l of 18

RRGTE.IO,1 / 6



ffi!Rolls-Royce
Gas Turbine EngineeringEEport

a;"lFj ;tr,ijF#Ti:ffi :irJ"ffi iJli,fti{f *f "T@
AppendixC: Diesel analysis

CERTIFTCATE OF FUEL TESTING - DIESEL

TO:

E GTNE:

SN:

TEST DATE:

Calorihc Value
Spedfic cmvtrry
Kin€rnabc Mscosity
Dissdved Wate.Content D 6308

The followirE res1tlb wefe otltnined:

TABCIRATORY I.D.
IE5T BED I,D.

R. flose, Iil. Eudeanu

IDd, Trent Liquid Wet perfomrare Curve

57

October 16, 2OO9

D27
EH-1 2{t{X}-F017

- This certifies that a representati!€ fuel sanple used |n the p€rfonnance
testtng of the above engtne has bee{ anahr4
mrdafte wlh the fo orung asrm ,n"$oao{lob 

fie RRc Laboratory in

D 4909
D 1250 80
D445-95

SPECIFIC @AWIY G) 60pF o,a231 kslL
CALORIFICVALUE 1A57I BTU/Ib
\{scosITY @ Ooc 5.39 (st
wscosrtY@30oc 2,60 6
WATERCONTENT AZ Wm

DATE OF FUEL AIIIALYSIS: Octob€r 19, 2oo9

Tltle
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Appendix D: Ratio method presentation

ffi Rollr-noy."
Trent 60 DF WLE

Method to correct to Guarantee
conditions or to PAT conditions

Louise Leclerc

Site data correction

o ln field the enqine runs to a limiter (Power, T30 or
TGn or a defined parameter. e9. Power. depending on
ambient conditions and/or needs of customer'

o To Droperlv assess the performance of the€ngine' the
dati nied io be corrected for ambient conditions and
if necessary for TGT and T30 margin.

tr Rolls-Rovce standard way to analyse the performance
of DF WLE enqines is to use the ( ratio Method )) and
to refer the daia to a specific condition, e.g. the
guarantee point, cf. diagram.

tr The ( ratio method D is done using eTrent'
o The procedure is different if the relerral point is€-b-ove

or Udtow tne kint< point, i.e' l imited by Power or T30'

GTERl3M7lndustrial Trent 60: 50Hz DFWLE
results - Centrax/Gas de France

engine 57 pass-off Performance
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_ 
Ihe "Ratio Method" to ouarantee conditions lbetow kink ooint)

1 -  Run eTrent  at  same condi t ions as engine on test. uuarantee Erpected Limil paramerer, cELp {measured generator
. Same ambient conditions
' same instalarion tosses

' -""t'.!"#;'.""i. 
i"",,'i;f ir""A"Ji"i,lB.#,ii"r?1, J".3r?:g,r;:g?1",',i%

t 
;1H3,i[';'?;&l,gi3'ffJfr'*"onditions and GELP at the suaranree

a - Multfly TGT and T30 (abs6tute iemperatures) trom 3. by ratios
5 - lf both corrected TGT and T30 are below the control timitsir Achievement of guaranteed pow€r assureo-,",li:ii"E 

i:iy,hrj"i.,""#aranree condition by Murtipryrng heakate' 1lf{iliiiii'f";'t:" fdi."?:tr'Ei"j,"',ll"s5""B3;"";y" "o*,o'' 
fff.?1i:"'?ili,:ii.'.1:J"f "H $*: S,iliiff .""te'|mine heatrate at

thod" to P ink
-  Run eTrentatsame condit ions as engine on test. G-uarantee.Expected Lilnit paralneter, GELp (measured T30)r Same ahbienr conditions

r Same insta ation tosses

2 -_Calculate theratios of actualshaft power ancl Heat rate to eTrent
. 

p.edrctions (T30 ratio wil be .1.0 as;Trent w". ,r;;i;;-".t T3bj-...3 -_Run eTrent€t reference conditions and cELp at the referencecondition (T30 timtt _ 876K)
4 - Multiply Shaft power and Heat Rate from 3 to ratios ,rom
5 --Compare corrected shaft power and Heat Rate to pAT

acceptance values.

Tiue _
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Appendix E:

Tr.nr 60 oFWLE Elsh. ss rtat Numb., 0r €!nd1
lr.dsur.d and Co"e.t.d p.rt6r
R0rr6.Floyc. c'nad., Monr.at, T..r B6d *r, oc{ob6r 16,2000

Table 1: Gas Wet referred to Guarantees
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Table 2: Gas Wet refened to PAT
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Liquid Wet refened to Guarantees
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