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IndustrialTrent 60: 50Hz DFWLE engine 58 pass-off performance results - CentratJcas de France

L Leclerc x 7524

A factory test was perfonned on lhe 21"i October20Og on ESNO58. This engine is a SOHZ InduslnalTront DF WLE
and is to be packaged by Centrax for Gas De France. The engine passed all inte.nal RR PAT performan@ criteria

The baseload data wEs refened to site reference conditions and RR PAT reference conditions using the .atio method
and eTrent version 7.0.2. The results are presented in this report for fofinal declaration and communication to the
customer. They show that ESN058 meets the customer guarantees and the PAT performance cnteria. The key
results are presented in the lables below.

Engine 58 performance relalive to contract guarantee

Engine 58 performance relative to PAT acceptance limits

Note 1 : Negative heat Ete margin meaF lower tuel consumption.
Note 2 | The 0% margin agahst @nbact guarantee porer sho$ ul€ l€st was conducled ai this power limiL

GAS WET LIQUID WET
Engine 58

Diff_ STATUS Engine 58
Diff. STATUS

Elecincal Power {kW) 57999 58000 0.o./. PASS 58000 58000 0.0% PASS
Elecirical Heat Rate {KJ/kWhr) 8803 9002 -2.2./, PASS 8727 9109 4.2% PASS

GAS WET LIQUIDWET
Engine 58 Din STATUS Engine 58 Dff. STATIJS

Shan Po'.€r (kW) 56140 53908 4 1 % PASS 55998 38% PASS
shalt Heal Rate (K"ukwhrl 8724 &975 -2.8% PASS a71a 9107 4.3./. PASS
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1.0 Summary and Conclusions

A factory test was performed on the 2l"rOctober 2O0g on ESNOs8. This engine is a sOHz
Industrial Trent DF WLE and is to be packaged by Cenfax for cas De France. The engine passed all
intemal RR PAT performance c teda.

The baseload data was referred to site rcference conditions and RR PAT reference condilions using the 6lio
method and eTrent version 7.0.2. The results are oresented in this reDort and show that ESN058 meets the
customer guarantees and the PAT performance criteria. This reportformally dectares this performance,
previously communicated in 1GT3745.

2.0 Test data & resulis

ESN058'S factory test took place in Test Cell 7 on 21 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:

A full output of the raw data taken in lhe factory test and used in the analysis is provided in Appendix A.
The engine was fully stabilized €t baseload.

The following table summarises storage location, time, power€nd ambient temperature.

ALICE
ExDeriment Scan Test Date Time TCELL IK)

Gener€tor

Gas Wet s0158010 '18 21110/2009 13h13 283.8 58071
Liquid Wet 90158010 41 21t10t2009 17h12 283.9 58062

Emissions:

Emission were recorded during the test. The reports are attached in Appendix B:
NOx recorded during the tests:
Gas Wet NOx = 26.0 voom
Liquid Wee NOx = 41.7 vppm

Diesel Analvais:

A sample of Diesel was taken during the test. The result of the sample analysis is attached in appendix
C. The Lower Heating Value of the Diesel during the test was 18532 BTU/lb.
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Geneaator efficiencv:

To obtain shaft power the generator efficiency curve below is interpolated (ljnearly) at the generato.
power obtained during the test. Then a factor of 0.985 is applied to the value obt€ined. This was derived
from cross-c€libration with Test Cell #3 where measurcments we.e taken with a torouemeter calibrated
to traceable standads.

Power (HP)
0 0

530 0.2528
1745 0.7685
7143 0.9387
13894 0 9639
27386 0.9789
40878 0.9839
u376 0.9863
67876 o.9877
81371 0.9887
'100000 0.9887

Noie: 1 HP = 0,7457 kW

Installation losses assurhptions:
The assumptions for losses for testcell 7 are as follows:the installation
remp (C )
Inlet (mm H2O) 27.94

xhaust (mm H2O) 309.88

Analvsis M€thod:

The CWT data was analysed using the ratio method (see attachment in Appendix D for a fuller
description) and eTrent 7.0.2

The spreadsheets containing the calculation details are attached in Appendix E, tables 1 to 4. A
summary ofthe results ofreferalto contract and PAT reference conditions are provided in sections 2,2
and 2.3.

Note: The emissions used in the analysis came from the lab reports, However eTrent version 7,0.2 can
not be run to specified NOx. Fo.lhe analysis, the NOx of the test were assumed to be 243vppm for Gas
and 42vDom for Diesel.

ffi Rotts-Royce Gas Turbine Engineering Report

Continuation Sheet
, Tl.€ infom.r on in r 6 dorun ert is lte prcD€rry o, RoleRovc€ l r ' a l hJdDanyo l

u*d tu ay puaose olhsr han rh.t for snbh it is supptiod wrDd the orff*s winen @n*nt of RoneRov@ caMda, 9545 coie de Ltesse, ootoat, ouebec,

Till€

Industrial Trent 60: 50Hz DF WLE engine 58
results - Centrax/Gas de France
D27 oc12009

pass-off performance GTER13848 'l
PageS

ot  18

RRGTE-101 / 6



/

2.2 Results of referral to Contract Reference Conditions

The conlract reference mnditions and perfomance guaratntees are summarized in the tables below
They are for gas wet and liquid wet applications.

Saint-Brieuc
Iamb (C ) 1 1
Pamb (kPa) 99.418
RH (%) 80
Generator eff ciency (o/o) 98.3
Installalion los6es losEes
remp (u ) 1 l
Inlet (nm H2O) '125

Exhaust (mm H2O) 125

The results from the analysis ofthe factory test, shown in summary below, demonstrate that the engine
meets contractual guarantees.
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ue
Ga6 Properti€s

GasComposition
It4elhane (o/o) 92.40%
Ethane (%) 5.30%
Propane (o/.) 'I 60Vo
n-Butane (%) 0.0070
i-Butane (%) 0.5070
Nitrogen (% ) 0.20vo
C€rbon Dioxide (%) 0.00%
cas tIlV (kJ/ks) 49397
Gas lemperature (C ) 50

Diesel Soecification
Carbon Atoms
Hvdroqen Atoms
CD (BTU/lbF)
LHV ftJ/kq) 41900
Fuel temp (C )

Ti e

Industrial Trent 60: 50Hz DF WLE engine 58 pass-off performance
results - Centrd/Gas de France
a 27 ocl2mS

GTER13848 1
Pas€6
ot 1A

RRGTE-I01 / 6



Note 1 : N€galive heat Ele margh mea6 k'wer tuet @nsumplion
Note 2: Th€ 0% ma.gin against conbacl g!€ra €e power sti@s the teslwas @nduc[sd at his porer tjmit

2.3 Results of referral to pAT reference conditions

Pass-off Test Acceptance:

101.325 kPa
AmbientTemperaiure 25 "C
An bienl Rolali,,€ Humidiiy 60%
Intak€ Total PEssure Loss 0 mm H2O
Ebausl Total Prsssure Loss 0 mm H2O

100 "c
50Hz

Note: tr€ GferenelsnpeElure is 25"C, abov€ the kink point, whe€ tne engin€ is op€rabng on h€ T3O timiter.
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GAS WET LIOUIDWET
Engine 58

Diff. STATUS Difi STATUS
57999 58000 0 0 % PASS 58000 58000 oo% PASS

El€crdcal Heat Rare tKJ/kwhr) 8803 9002 -2 2% PASS 4727 9109 4.2% PASS

eTrent Norh Anerican NaturatGas
Speciicalion

95.527
Ehane 2.064

0 . 1 1 7
FButane 0
NSutrane 0.01
Nitogen 1.942
Carbon Dioride 0 3 4

37315K1212'F)

Diesel Fuel
Spedfcaton
Component:

12.9
239

Cp (BTU/bF) 0.4538
HV(BTUnb) 1 8 3 1 5

288 15 K

Tille
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*"lysis of the factory test, shown in summary betow, demonstrate lhat the ensine

GAS WET LIAUIDWET
Engino 58

Diff. STATT'S Engine sB
Difi STATUS

56140 53908 4.1% PASS 55998 53965 3.4% PASS
Shan H€t F{aie (KJ/kWhr) 4724 4975 -2 a% PASS 871A 9107 4 3yo PASS

Nore : N€gative heat Ete margin Deans to@r tu€t @nsump on,

3-0 References
'1. GTES10760/2 IndustrialTrent 60 WLE Dual Fuel _ Customer Wilness Test procedure

H Ko, N Budeanu 4 September2oog

4.0 Appendices
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AppendixA Raw data used loranalysis

GAS DIESEL
1 8 41

r4.7996 14.7765 Ambient pressure (PSl)
9.64 9 4 7 Anbient lemperature (C )

WS HUIM 60.90 6f.34 Relati\€ Humiditv f%)
TCELL 293.76 283 91 Alerage inlet temp€rature (K)
UPOWERV 58.071 58 062 Generator power (l\rw)
NL 3001 3001 LP Speed (RP[4)
NI 6769 lP Speed (RPM)
NH 10093 10076 HP Speed (RPM)
UrJOV 581.1 582.1 |:l0 a\,erage
LMET}iANE 96.3281

Gas Composition (% \ol)

LETHANE 1 .4
LPROPANE 0.101099
IBI,,TTANE 0.0078

LNBUTANE 0.008268
LPENTANE 0
LNPENTAN 0
LC6PLUS 0.024186
LNI]RO 1.54581
LC02 0.604881
LFT O1O1 2385S.3 Gas Fuel iow
LTE O1O1 35.3 Gas Fuel Temperature
ULIQTI 20.2 DieselTemperalure
Fro210 26/'17 Diesel fuel fow
FT0314 30078.7 31112.2
IJWIMSTI 13.8 14.1 Water temperEtke (C
UTGTV 73€.02 749.20 TGT a\,erage
NOx f-om lab (\ppn) 26.0 41.7
Diesel LCV from lab 18532 BTU/Ib
Diesel LCV t-om lab 43105 kJ/kg

Tilt€
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fupendix B

l0t2ft2o

l2tO9:3O 37,9
l2:l0t26l 17 5

Table 1: cas Wet emissions

Title
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s24
242

10032
26450

Tille
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Appendix C: Diesel analysis
EI

@ Rolls-Royce
CERTIFICATE Of FIIEL TE$TII{G - DIESEL

Thls certies that a r€ffesenbtife fud sanpl€ us€d In the perforrlEooe
Hng of the sboye g|ghe has been analfred ry Ure nnC Umramry tn
ac@rdarEe vrift the follol'rlng ASTM nethodologfi

Calorlfic Value D 48,09
Spedfic Gravlty D 1250 - 80
lfiematk Visc6ity 0 445 - 96
Dbsolverl Watet Content D 6308

The follor/ng resulb w€rE otjbined:

TO:

ENGINE:

Esl'l;

TE5T DATE:

LABORATORY I,D.
TEST BfD I.D.
SPEfiFIC GRAWTY c| 50eF
CALORIFIC VALU€
vrscosrTY @ opc
VISCESITY @ 3O"c
WATER @f{fEIST

R.InosG, . Eurtsrfil

Inal. Trsrt Uquid t{st perfuflnrrca Currc

58

O€tobef 2L 2OO0

D29
RH-l 2m9-F19
o82r2 kdl
$Ele Emjib
5.rlS 6t
2.61 6r
86 Ptrn

DATE OF FUEL ANALYSIST Ocbb€r 24 2OO9

Tiile
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Appendix D: Ratio method p.esenlation

Site data correction

a In field the engine runs to a limiter (Power, T30 or
TGT) or a defined parameter, eg. Power, depending on
ambient conditions and/or needs of customer.

tr To properly assess the performance of the engine, the
data need to be corrected for ambient conditions and
if necessary for TGT and T30 margin,

o Rolls-Royce standard way to analyse the performance
of DF WLE engines is to use ihe < ratio Method > and
to refer the data to a specific condition, e.g. the
guarantee point, cf. diagram.

D The ( ratio method D is done using eTrent.
tr The orocedure is different if the referral Doint is above

or b;low the kink Doint. i.e. l imited bv Pdwer or T30.

tE@

l$$ Rolls-Royce
Trent 60 DF WLE

Method to correct to Guarantee
conditions or to PAT conditions

Louise Leclerc

Tnie
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The "Ratio Method" to ouarantee conditions (below kink pointl

1 - Run eTrent at same conditions as engine on test
. Guarantee Exp€cted Limit Param€ter, GELP (measured generator

I Sam€ ambient conditions
r Salne installation losses

2 - Calculate the ratios of actual power, TGT, T30 and heatrate to
eTrent predictions (power ratio will be 1.0 as eTrent was run to

3 - Run eTrent at guarantee conditions and GELP at the guarantee
condition (powEr of 58MW gross)

4 - Multiply TGT and T30 (absolute temperatures) from 3. by ratios
trcnl.2.-

5 - lf both corrected TGT and T30 are below the control limits:
. Achievement of guaEnteed powerassured
. Calcu_laG leatrate at guarante-e condition by lvlultiplying heatrate

6 - lfeither corrected TGT or corrected T30 are above the control
limits (meaning the engine fails guarantee on Power):

. ReDeat 1 to 5 usinq TGT or T30 as the GELP to determine heatrate at
suirantee conditioins. and also power shortfall.

The "Ratio Method" to PAT conditions (above kink point)

1 - Run eTrent at same conditions as engine on test
r Guarant€e Expected Limit Parameter, GELP (measured T30)
. Same ambient conditions
r Sam€ installation loss€s

2 - Calculate the ratios of actual shaft oower and Heat rate to eTrent
predictions (T30 ratio will be 1.0 as eTrent was run to test T30)

3 - Run eTrent at reference conditions and GELP at the reference
condition (T30 limit- 876K)

4 - Multiply Shaft Power and Heat Rate from 3 to ratios from
5 - Compare Corrected Shaft Power and Heat Rafe to PAT

acceotance values.
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Appendix E:

fr.nc.Da6FromFac|oryT.5l
Roll.4oyc. C.n.dd, Modr..l, T.

Table 1: Gas Wei refened to Guarantees
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