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(c) t=3.2

Development of rotating stall inception vortex (operating point F): the internal flow fields in the regions surrounded
by a dashed border in Figure 14 are presented by the limiting streamlines and vortex cores (A& Fig. 15 )
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Instantaneous iso-surface of gas temperature for whole
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Time-averaged distribution of gas temperature in OH concentration (iso-surface) and fuel sprays. (A Fig. 4 ZR)
transition duct outlet surfaces. (A XFig. 2 2)
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Instantaneous iso-surface of gas temperature
and fuel sprays. (AXFig. 7 i)

Comparison of instantaneous distribution of gas temperature
between LES and experiment. (A Fig. 12 &)
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Comparison of instantaneous distribution of NO concentration
between LES and experiment. (A Fig. 13 M)
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Instantaneous iso-surfaces of gas temperature
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Time-averaged profiles of gas temperature at combustor
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Instantaneous distributions of streamwise velocity and
iso-surface of gas temperature. (A Fig. 14 )

Instantaneous distributions of gas temperature Instantaneous iso-surface of gas temperature and fuel
and coal particle. (AXFig. 11 &) sprays. (A Fig. 17 1)
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Vortical structures on the pressure surface

Vortical structures on and around the airfoil (A3CFig. 17 )

(A Fig. 16 1)

Skin friction on the airfoil with vorticity
on some cut planes (AKX Fig.l18 M)
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Unsteady 3-D calculation of wet-steam flows through three-stage
stator-rotor blade rows in a low-pressure steam turbine with a
non-equilibrium model of condensation. Contours of instantaneous
condensate mass fractions. (A XFig. 3 )
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CFD simulation of oil scavenging n the Accessory Change of flow pattern caused by icing around the leading edge
Gearbox . (A Fig. 6 &) of fan blade. (KX Fig. 4 1)
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Application of TBLOCK for labyrinth seal analysis
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TBLOCK mesh arrangement and streamline pattern in
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Computational domain and mesh generation
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Comparison of blade to blade Mach number contours
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Fig. 3 Unsteady behaviour of vortical flow structure and
limiting streamlines on blade suction surface at spike-type
stall inception
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Fig. 4 Unsteady behaviour of casing pressure distribution at
spike-type stall inception

Fig. 5 Tornado-like separation vortex at spike-type stall inception
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Fig. 6 Flow mechanism of spike-type stall inception
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Fig. 10 Pitchwise-averaged entropy distribution on meridional plane (operating point A)
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Fig. 12 Time history of mass flow (operating point F)
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Fig. 15 Development of rotating stall inception vortex (operating point F): the internal flow fields in the regions
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Fig. 1 Instantaneous iso-surface of gas temperature for whole
(top) and one (bottom) combustor.
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Fig. 2 Time-averaged distribution of gas temperature in
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Fig. 3 Non-dimensional outlet gas temperature for each
combustor.
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Fig. 4 Instantaneous distributions of gas temperature (central
plane), OH concentration (iso-surface) and fuel sprays.

Table 1 Comparisons of gas temperature and NO concentration
at combustor exit.

Case A Case B Case C Exp.

AvereEIg<ej Temp 1398 1393 1409 1386
Ma:E.K?emp 1615 1723 1497 1596

Average NOI[-]

(Relative Value) 0.87 148 1.29 1.00

Fig. 5 Sector rig (3/18) combustor and the modeled part (1/18)
sector marked with solid line.
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Fig. 9 Instantaneous iso-surfaces of gas temperature and fuel

sprays.
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Fig. 10 Time-averaged profiles of gas temperature at combustor
exit (outside: LES, inside: experiment).
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Fig.10 Generated inlet turbulence structure"

0.03
== Tu-0.5%, Re-60k
=&=Tu=1.2%, Re=60k

0.02 == Tu=3.2%, Re=60k
= % Tu=0.5%, Re=100k
E ® Tu=3.2%, Re=100k
L¥]
= 0.01

0
0 0.5 1 1.5
Fmd

(a) THE BASE PRESSURE LOSS.

0.04 == Tu~0.5%, Re-60k
o &= Tu=1.2%, Re=60k
0.03 =i Tu=3.2%, Re=60k
Y ® Tu=0.5%, Re=100k
o~ ® Tu=3.2%, Re=100k
!é 0.02 x
ﬁ x

0.01

0+ T T J
0 05 o | 1.5
Prn\]
(b) THE MIXED-OUT LOSS OF THE BOUNDARY LAYER (OR THE
MOMENTUM DEFICIT LOSS).

0.02
= Tu=0.5%, Re=60k

=8=Tu=1.2%, Re=60k
0.015 = Tu=3.2%, Re=60k
X Tu=0.5%, Re=100k

® Tu=3.2%, Re=100k
0.01

Term 3

0.005

0 4 T T )
0 0.5 F 1 1.5

red

(c) THE COMBINED BLOCKAGE LOSS.

Fig.1l Loss breakdown"
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Fig.14 Mixed-out loss (2) and wake-distortion loss™
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Fig.16 Vortical structures on and around the airfoil®

2.5 ASHBEENDOLESHRDOILHA
Y —VC VEHO—DTHDH 7 4V AGEHNT, RIS
BT O N EALA S BT B W R TR & T
L, B mEETH R L0 ERE OREVIHAET
LN TH Do HElDEBBETIZRANSEE TT 1 VA%
BEPWT LI EDRL 0D, FRIREILTLIREIX
B, FRUE, 74 VAEHNIEM SR AT S

W‘«?

P~

Fig.18 Skin friction on the airfoil with vorticity on some cut planes®
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Fig. 5 Dynamic behavior of jet-engine fan blade impacted by gelatin body simulated by SPH-FEM method.
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1. Introduction

Along with the rapid development of hardware resources
CFD has become an indispensable tool for design of gas
turbine components. At MAN’s gas turbine development
department, both commercial solvers (ANSYS CFX) and
in-house solvers are in use. The latter bear the advantages
that they easily can be integrated into the turbomachinery
design process as interfaces can be straightforwardly
adjusted without external support to achieve high level
of automatization and, thus, independency of the user. In
particular, for design and analysis of compressor and cooled
turbine bladed sections in-house solvers are well established
at MAN covering Quasi-3-D- and full 3-D steady-state multi-
stage analysis 2,

As standard in-house code for full 3-D Navier-Stokes
analysis, MAN applies a customized version of TBLOCK,
which was originally developed by John Denton ®. This
code has been further developed and transformed into a
fully parallelized version and is MAN’s working horse for
steady-state and transient flow analyses. Its transient mode
has become the backbone for Fluid structure interaction
problems (FSI) and is included in an integrated workflow for
the analysis of blade flutter employing phase-shifted boundary
conditions .

Recently TBLOCK has been qualified for the analysis
of secondary flow channels as well. Details of the code

validation are presented in this contribution.

2. Description of the TBLOCK code

Our in-house massively parallelized (MPI)-version of the
CFD solver TBLOCK is originally based on John Denton’s
block-structured steady/unsteady Reynolds Averaged Navier-
Stokes solver @), It uses an explicit time-stepping procedure
for steady-state simulations denoted as “SCREE” scheme. In

the recent past, improvements have been made by Denton to

Rzt 201545 8 H31H
% 1 MAN Diesel & Turbo SE, Steinbrinkstrasse 1, 46145 Oberhauen,
Germany

allow for higher CFL-numbers and much faster convergence
rate of steady-state flow calculations. For time-accurate
simulations a “dual-time stepping” procedure is employed.
For turbulent flows two different models are available, namely
an algebraic mixing-length and a one-equation Spalart-
Allmaras model. For more details about TBLOCK algorithm
see Klostermeier ©.

Due to its block-structured architecture TBLOCK is flexible
with regard to the complexity of the computational domain,
which can be sub-divided in an arbitrary number of blocks.
Meshes can be set up straightforwardly and patches defined
where boundary conditions are to be set or transfer of data
to be executed between the blocks. Our version of TBLOCK
supports interfaces with several commercial mesh generation
codes as TurboGrid and ICEM, and a GUI-based pre-
processing program has been developed to adapt the meshes
to the TBLOCK input requirements.

Flexible meshing and fast computational times favor the
inclusion of TBLOCK in the design environment for more
complex geometries as the secondary flow path design system
for air-cooled gas turbines. Moreover, in-house extensions of
TBLOCK have been performed to allow modelling laminar-
turbulent flow transition , and the wall boundary conditions
have been modified to account for rough surfaces and heat

transfer across the surfaces utilizing Reynolds’ analogy.

3. Validation test cases
Before integration in the design system for components in
the secondary flow path of gas turbines extensive validation
efforts have to be spent. Here, three characteristic test cases
have been selected for presentation:
1) Linear cascade analysis with transition and walls
with heat transfer (Langston cascade, 1976/80)
2) Flow in labyrinth seals (Leeb, 1997)
3) Flow in rotor-stator disk cavities (Roy et.al.,
1999/2001)
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3.1 Non-adiabatic linear test cascade flow

The first test case presented is the computation of the flow
around a turbine rotor profile in the well-known low-speed
large scale linear wind tunnel by Langston et.al. (” (axial
chord 281.16 mm, pitch 268.65 mm, span 278.01 mm) with
an inflow velocity 38.5 m/s. Because of the small aspect-ratio
side wall effects are essential, and therefore this test case is
well suited for code validation with regard to its predictability
of secondary flows.

The computational mesh is shown in Fig. 1. A mesh of
O-H topology with 4 blocks has been chosen with quasi-
orthonormal grid lines close to the wall which can be refined

to achieve a wide range of y+ - values.

Fig. 1 O-H Mesh topology for Langston’s cascade analysis

All the following computations were performed with the
laminar-turbulent transition model switched on. Distributions
of the static pressure coefficients C; are displayed in Fig. 2
for 4 span wise locations at 2.3%, 12.5%, 25% and mid span.
Overall, the agreement of computations and experiments is
quite reasonable. It is remarkable, that the pressure slope at
the stations near the side wall (2.3%, 12.5% span) closely
follow the measured data, including the suction peak at 12.5%
span near the suction side trailing edge. This is an indicator
that the turbulent structure near the side wall is well resolved
by using the simple algebraic mixing length model.

Computed near wall stream lines and measured stream lines
are shown in Fig. 3. The experiments suggest a saddle point
at the side wall near the pressure side leading edge which
can be well reproduced by the computation. Also the trace of
the passage vortex is obtained in good agreement, and it is
demonstrated that our present solver is capable to resolve the
flow structure near the wind tunnel side wall.

The following results were obtained for non-adiabatic
sidewalls and blade surfaces. In the experiments by Graziani
et. al. ® they had been uniformly heated by constant
resistance metal strips wired in series (Blade surface: 1319
W/m?, side wall 1830 W/m?),. Heat transfer coefficients were
measured by monitoring surface temperatures. The results are
represented by local Stanton numbers.

At mid span computed and measured Stanton numbers are

shown in Fig. 4 along the suction (negative x-values) and
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Fig. 2 Measured 7 and predicted static pressure coefficient distributions

at various span wise locations
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Fig. 4 Stanton numbers at mid span, CFD and experiments ®)

pressure sides and on the side wall in Fig. 5. The predicted
results are reasonably close to the measured distributions.
It is remarkable that the laminar-turbulent flow transition,
indicated by the steep gradient of the Stanton number shortly
downstream of the leading edge (at x/b = 0), is in good

agreement with measurements.
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3.2 Flow in labyrinth seals

Another important verification task is prediction of flows
in labyrinth seals as a pre-condition for the evaluation of
discharge characteristics. At MAN considerable efforts were
taken to validate TBLOCK and comparisons were made with
experiments of the open literature and in-house test data. As
an example a case with 11 seal fins is discussed where the
experiments were taken from . Computational mesh and
Mach number distributions are shown in Fig. 6. In the turn of
validation it has been found that best results could be achieved
with the meander-type mesh arrangement as shown in Fig.
6(A).

The pressure drop across the seal fins is shown in Fig.
7 where measurements had been taken in each of the
cavity chambers. Excellent agreement can be stated if one
compares the TBLOCK results with experimental data and
the concurrent CFD results published in . Finally, good
agreement of measured and computed discharge coefficients
as shown for this example confirm the ability of our TBLOCK
version to evaluate sealing flow characteristics of labyrinth

seals over a wide range of input parameters, Fig. §.

(A) Computational mesh

Mach Number
L presr
(B) Mach number distribution (TBLOCK)

Fig. 6 Application of TBLOCK for labyrinth seal analysis
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Fig. 7 Pressure drop across a labyrinth with 11 seal fins, TBLOCK
results. Experiments from )
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Fig. 8: Labyrinth sealing discharge coefficients, comparison of TBLOCK

results with experiments

Because of the flexibility in setting up block-structured
computational grids it is easily possible to construct meshes
for honeycomb seal arrangements, Fig. 9. Here, the complete
mesh has been produced by cloning the grid for each
individual cell of the honey comb. This allows us to extend
the computed characteristics by taking into account the
interaction of the leakage flow with the honey comb cavities,
Fig. 10.
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Fig. 9 Computational domain and mesh generation for a honey comb
labyrinth seal

Fig. 10 Flow in a honeycomb seal (Velocity distribution), results with
TBLOCK

3.3 Flow field in a rotor-stator disk cavity

This chapter is devoted to the computation of flow and
temperature fields in a rotor-stator disk cavity which had
been investigated by Roy et.al. 19D For the predictability of
the flow phenomena, it is very important to resolve the local
vortex structures in order to counter the ingress of hot gas into
the cavities during the design phase. The test arrangement
shown in Fig. 11 features a rotor-stator disk of a model
turbine, which is extended down to the centre-line where flow
is axially sucked during operation of the rig. Static pressures
were measured at several radial locations of the stator disk
and flow details provided by Particle Image Velocimetry
(PIV)-measurements (!9, For heat transfer measurements a
radiant heater unit was installed adjacent to the aluminum
rotor disk on the side away from the cavity as shown in Fig.
11 D, The turning of the mainstream had been chosen to
generate a realistic swirl to the flow.

The numerical result of streamlines obtained with our
version of TBLOCK is shown in Fig. 12. As can be seen the
flow is sucked from axial direction along the centre-line and
builds a complex vortex structure in the cavity originated by

pressure and shear gradients in the cavity between rotor and

UL LA S,
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o RSN
\ - ": /”‘*Tnj:;....u.-m
& 51 |
d %-_‘ru-m:
i Nt
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4 191
Fig. 11 Rotor-stator system by Roy et.al. to investigate flow in a model
rotor-stator cavity flow (!

=

Fig. 12 Computed stream line pattern in the rotor-stator cavity

stator before it enters the main stream through a labyrinth type
flow channel.

To quantify the numerical results, a comparison of the
computed and measured slopes of static pressure at seven
radial locations and the velocity components for various
rotational speeds and mass flows have been performed, shown
in Fig. 13. Here, an almost perfect match of TBLOCK results
can be observed for all operating points. This demonstrates
the applicability of TBLOCK for the assessment of friction
forces and disk losses by integrating the shear stresses over
the wetted disk surfaces.

Also heat fluxes can be estimated in close agreement with
experiments, Fig. 14. However, as TBLOCK wall boundary

conditions utilize the log-law, the results may depend on y+
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Fig. 14 Computed and measured heat flux results for Roy’s rotor-stator

cavity V. Effect of near wall mesh resolution

away from the wall, and it has to be confirmed that the mesh

resolution near surfaces is within the optimum band width for

yt.

4. Application of TBLOCK for secondary flow
system

In this chapter examples of application for actual design
cases will be briefly shown. The first one is the flow in the
rotor stator-cavity of a real gas turbine. The complex flow
pattern with more than 2.3 million grid points is shown in
Fig. 15. As can be seen TBLOCK mesh generation modules
allow matching with curved patches by locally relocating grid
points in the adjacent patch. As a result stream line patterns
are displayed in Fig. 15, where the colors denote Mach
number levels. For this kind of analysis both steady-state with
conventional mixing planes as well as transient computations
are performed to optimize details as e. g. pre-swirl systems.
Steady-state results can be obtained in no more than 8-10 hrs.
with 12 parallel processors.

The following example shows the application of TBLOCK

in the process of optimization of labyrinth seal geometries.
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Fig. 15 TBLOCK mesh arrangement and streamline pattern in
a real gas turbine rotor-stator cavity as part of MAN’s
secondary flow optimization process

Fig 16 Optimization of labyrinth seal geometry using TBLOCK
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Fig. 16 shows discharge coefficients of a stepped labyrinth
seal with 3 fins as function of step height, pitch and length of
the fin, and combines the results of more than 500 individual
TBLOCK runs covering all the parameter space. The entire
optimization chart could be obtained within few hours in a
fully automated operating mode.

5. Concluding remarks

CFD has become an indispensable tool for turbomachinery
design. In general, for the computation of flow fields in
bladings of compressors and turbines, CFD has achieved
a high confidence level. However, before the application
range of CFD-codes can be extended towards more complex
geometries, extensive validation has to be carried out. MAN
has qualified TBLOCK for gas turbine secondary flow path
successfully, and we have demonstrated that our in-house
solver TBLOCK is sufficiently accurate and efficient for these
flow cases. Taking into account the flexibility of in-house
solvers we have established a very successful step towards
an unlimited integration in design systems for design and

analysis of cooling flow paths in up-to-date gas turbines.
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Fig. 3 Example of improvements to the turbulence model

+— Efficiency measurement —=

[Steady CFD]
Flow R: Rotor ethod|
=l S5: Stator Imm L ,
TEN e v -
a
g B [Unsteady CFD]
2 (Improved Method)
$ -
- B [steady CFD] [Unsteady CFD]
£ - (Original Method) (Original Method)
B

Pressure ratio [-]
Fig. 4 Pressure ratio - efficiency for a four-stage subsonic
compressor (Measurement vs. CFD)

— 43 —
Download service for the GTSJ member of ID , via 3.21.93.159, 2025/05/06.

Tip
Effects of tip leakage
flow are
|predicted accurately.
§ ® Measurement
&5 oo Unstcad
i s
—— Unsteady CFD
- P Improved)
Hub

Total pressure loss coefficient

Fig. 5 Total pressure loss coefficient for the fourth stage rotor
(measurement vs. CFD)

WIS, ZEBIEMmET oY Py — VEREOIES
EZRELIEIZIRETIC X 2085508 & 2 OCFD 7K
JERMGES 572012, Wil 8 BtABE L2 Ar —VET
VIEHiHE (K6) OREEEIT-> TV,

(a) Outside View (b) Rotor

Fig. 6 Front eight-stage compressor test device

M 713, =ZZEHVST — Y A7 5 X LN H
LHAY =Y U/ BEA I NVEES T~ NEFEM (T
Wik) OMNBTH D, THIEIEZ, P AF—Y Ly, #XK
¥ —Yr, BRNGERSS RS % i 2 7 SRR R A A
I WVHEEITTH Y, HobEo Bk | RIS &
D BN EZOM A2 DT — 5 2R T %,

(1) Gas tu‘l:lrlo building (3)Staam tu'brla bt.l'ltﬁ'u
(2) Heat recovery steam (4) Air-cooled condenser
generator

Fig. 7 Combined cycle power plant verification facility in
Takasago (T point)

B8, B9 1 SEHRIE AR D S ERNT RS, SR

R O FERE AR U L 72 — >~ T D)



430 RERAHAR2—ELEFEILKR—3 > bOCFDEM I & EAEN

HAARZ —E > ZR5%

G B X O O3 2 AR (R 5 2 & A5
‘H‘Ektiof:o

® Wall pressure probe (before each blade)
| Total pressure probe (4 Iocatinns)

Wall pressure

Distance in axial direction
Fig. 8 Tip pressure of the full-stage compressor before each
blade and OGV exit (measurement vs. CFD)

Inlet of 9th stage stator

Tip

Blade height

Hub

Total pressure

Fig. 9 Total pressure distribution for the middle stage of the
actual compressor (measurement vs. CFD)

3. ZHERETANDERAEH
%%ﬁ%blU%&%ﬁﬁ%?ﬂ%LtﬁM?—&%
b EATIRE R & ML L 72 3 BT T % 22 R o
i RHHIFE X A = XAw\ﬁcﬁﬁwaéo_@W
WAL /S5 X — 7 2l LTEDL I &
TN DR Z > TV b, DTICHHBIZ BT 5o
3.1 EMRERE ZORS/HMTEBENDER

BI0IC/ART X H1IS, W BHED LD BT v T
VT T v AR W G Tl E NG BR T %l 5 5 i
M XD BAETLMOPLEIC XY F v TR THEEDH
KT 5720, ZoRmRENLEHIET 22 &2k
FIZBWCTEETH L, BIELOTFIUICIIRESH L &
Bk L7290 2 CHREEN 2 H L T TREIY -V ELT
Wz, BRIREEE L 2BORNLVIBORANE, it
w, A, WMoKEE, M, HERVANVEREIER
LCHixt b L, 220185 2 =% L OMBE% LIRS 5 2
ETYRFE AR L, FEBHMEECORITTw5,

HI11ZRT & 9 IERE O LN A WIAA D 5 27 b

WA ENG, FRICEESNZY 7 Mol ) og2
UNEE SN /R TEbE%) -7 IE Ry =9 [ e
B 50720, JERMED 22 TERE ISR § 5 8 % 3
it Twb,

Tip leakage flow and entropy production rate distribution in the rear-stage
rotor of compressor (Viewed from downstream)

(The loss in the tip region increases due to the effects of the vortex
generated by flow passing through the tip clearance)

Fig.10 Detailed flow in the rear stage rotor tip region

Gas Turbine (Front Stages)

Shak- ’m = Flow

Fig.11 Evaluation of the effect of the inlet duct shape on the
compressor front stages

JERERR I R Th O B O, BLY, F—¥ IZ
HHER 2 MBS E-0 *mﬁm% W=, MR A
Uy MR SN T WD, FHMICERE LREICLD

FHEICA =R NPEC L7720 _h%O)S'Ei%ﬁ%‘VIF
(252 B3R AT X DEHE L T 5. 121305
AR, OMKEOKREE, OHKRY) v MERZ#R
W5 7DD E T IV EENHERO—BITH %,

(2) Size of bleed chamber

T (3) Bleed siit
Eerometry

(1} Number of bleed pipes

(b} Gﬂus section including the
d geometry

R : Rotor
S : Stator Total pressure
& gHe
& } }
y I
" Low
% >

(a) Analysis model including bleed geometry

(e) Total p
axial

Fig.12 Effect of the bleed geometry on the main flow

Download service for the GTSJ member of ID , via 3.21.93.159, 2025/05/06.



Vol.43 No.6 2015.11

REAAZAZ—EEEI K-> bOCFDEM Il & ERAEM 431

3.2 4—Er -HRT 17 21—YADEA

PR T 4 7 2=, TIRA TN L
SR DN AAEL, FEFEET S, €O,
7 — ¥ VB EIR M OOFITII KRR L ) RWIRE &
), FEHEMWNER Y =Y MOERIEE AT %
ZET, Y-V rHFErRLEELIFELD L, L
L, ER7 1 7 2 — P TIEBER N & 2 0 FEEE T
25, EREL T4 7 2 —FRRZET 57201213,
T4 7 2a—YFRFENZ IEHEC TS 2 HM DS BETH B,
R T4 7 2 —FoikHIH720, - - PR T4
7 2 —HO—KFEN 2T, HEEZ T AN REEE
Z1L7- (K13K) e T4 7 2 —WFRERO 4 2 5B 31
(B1347) WX D ARMEAMERR L, FERRMGE 2 % TR
WA L7z,

Fig.13 Large-Scale Calculation of turbine and diffuser (Left), and
the test rig (Right)

[G) Full-stage CFD of Compressor l

2 @Gas Temperature as the
Gas Temperature from CFD | boundary condition for FEM

Rotor-
Stato 3 ‘
Disk
Cavity Temperature increases in cavitie
High
o Temperature ” L? |
l\
| @Rotor FEM [
@gEvaluation of the clearance
with stationary parts
v
- | A Calculation —Measurement --- Ratio of RPM
(¥}
E | Design Speed |
S ca
[w] .
T 7 — A
g ﬁ\ﬁ v, / 0 ‘3
g i oc X
.5:- . = ot 3
3 Good Agreementatthe 3
= ; 2
5 v pinch point 5
& - 02
E -
== as
o
Time
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Fig. 5 Computational Domain of Multistage Compressor®
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Fig. 2 Comparison of blade to blade Mach number contours
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Fig.10 Calculation target (L30A multi-can combustors) modeled
from compressor outlet to turbine inlet, including the fuel
manifold
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The Next Generation of Aviation Gas Turbine Engine Qil:
Mobil Jet™ Qil 387

ABSTRACT

There is a great deal of discussion about how advancements
in engine technologies will impact the future.

Certainly, the advances in engine design, size and speed
offer reasons for excitement. But these changes can create
new maintenance challenges, such as how to properly protect
engines that run hotter and faster for longer periods of time.

ExxonMobil, a company that helped pioneer aviation
lubricant technology, most recently introduced the latest
addition to the Mobil Jet family of aircraft-type gas turbine
oils - Mobil Jet Oil 387.

In addition to the aviation industry, Mobil Jet Oil 387 is also
applicable for land-based gas turbine operators.

With more than a decade of research and rigorous testing,
Mobil Jet Oil 387 is the most advanced synthetic turbine
engine oil the company has ever developed.

It is formulated to deliver the type of overall equipment
and component protection needed for many of today’s most

sophisticated engine technologies.

INTRODUCTION

Across multiple sectors - including aviation and land-
based applications - ExxonMobil has a strong track record of
developing innovative lubricant solutions to address evolving
customer needs. With a rich history spanning more than
100 years, ExxonMobil has become one the world’s leading
marketers of fuels and lubricants.

Specific to aviation, ExxonMobil has participated in a
number of celebrated achievements including the birth of
powered flight in 1903, when the Wright brothers used Mobil
branded lubricants for their first flight at Kitty Hawk, North

Carolina.

EVOLVING ENGINE DESIGNS LEAD TO NEW
LUBRICANT FORMULATION

Over the past decade, more aircrafts have been equipped

JERsZAT 20154:10/7 16 H
% 1 L&S Technical Dept. EMG Marketing Godo Kaisha
Yokohama Blue Avenue, 4-4-2 Minatomirai, Nishi-ku, Yokohama
220-0012

Toshihiko SEI’*!

Yohjiroh HIRAMATSU *!

with stronger and faster engines. While the new engines help
reduce fuel burn and emissions, the warmer temperature
conditions created by the engines place significant stress on
the lubricants.

Running hotter creates coking, or oil degradation, which
leaves behind solid residues in the engine - leading to costs
for airlines to remove the deposits and lost revenue from
having an aircraft sitting on the ground.

One solution is to use High Thermal Stability (HTS) oils
that can handle the heat, but HTS oils can be aggressive on
O-ring elastomer seals. In the jet engine oil system, O-ring
elastomer seals are used to seal joints between components.

This issue led the industry to realize the need for a new class
of High Performance Capability (HPC) oils that provide low
coking levels and ensure the integrity of the seals.

SAE International, a global association that develops
standards for aerospace engines, created a new specification,
SAE AS5780B, which defines the basic physical, chemical
and performance limits for HPC oils.

Using that specification, lubricant manufacturers’” R&D
departments went to work developing HPC products that
provide low coking without related maintenance drawbacks.
ExxonMobil’s response was Mobil Jet Oil 387.

After more than a decade of engineering development and
testing, ExxonMobil introduced Mobil Jet Oil 387, providing
the industry with an advanced lubricant that delivers a wide

range of benefits:

» Outstanding deposit control
» Exceptional seal compatibility
» Advanced wear and corrosion protection

» Excellent oxidative stability and low-temperature fluidity.

Mobil Jet Oil 387 also has the potential to achieve longer oil
drain intervals in applications such as land-based turbines.

BENEFITS OF MOBIL JET OIL 387
Outstanding deposit control
The ability to control deposits and coking is important,

particularly when operating gas turbine engines in extreme
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Fig. 1 Vapor Phase Coking Test

Data Source: ExxonMobil

temperatures. Outstanding deposit control results in cleaner
running engines, longer running intervals and an increased
bottom line.

In the Vapor Phase Coking Test, oil is heated in a flask
while air is bubbled through the oil, creating vapors and
oil mist. Deposits form when these flow through a heated
stainless steel tube in a furnace.

The measured deposit weight indicates the vapor-phase
coking propensity of the oil in vent lines. Results showed that
Mobil Jet Oil 387 was typically 178 mg or less, lower than all
oils tested.

Exceptional seal compatibility

Mobil Jet Oil 387 provides superb compatibility and it
maximizes seal life. Its compatibility with seals was evaluated
by the elastomer test which assesses the tensile strength
of O-ring elastomer seals that have been exposed to the

lubricant.

e Stanclard

s Compatitive HTS

e Mobil Jet O 387

% Volume Swell

1600
Hours @ 140°C

Fig. 2 Long-duration Elastomer Compatibility Test
Data Source: ExxonMobil

When performing the same exercise using Mobil Jet Oil 387,

the O-rings successfully retained their strength.

Advanced wear and corrosion protection

Mobil Jet Oil 387 was designed to deliver enhanced
corrosion protection and extend gear and bearing life while
reducing engine maintenance.

In the oxidation and corrosion test, air is bubbled through
oil held at 200°C for 72 hours. Mobil Jet Oil 387 showed low
increases of viscosity and acidity. The viscosity increase was
only around 10 percent, while the test allows a limit of 22
percent.

Mobil Jet Oil 387 also showed little to no corrosion of
metals. Silver and copper corrosion were considerably less

than competitive oils tested.

Excellent oxidative stability and low-temperature
fluidity
Mobil Jet Oil 387 was designed to withstand cold and hot
temperatures. In extreme conditions, the product remains
viscous, therefore reducing clogs and engine failure.
Low-temperature performance is important for cold starts.
The low-temperature fluidity test requires oil to be held at

-40 degrees for 72 hours. The oil’s viscosity has to be below

Low Temperature Fluidity
@-40C, St

KV
14,000
12,000 |
10,000
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|

Mobil Jet 0l 387  Competitive HTS Standard

Fig. 4 Low-temperature Fluidity Test
Data Source: ExxonMobil
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13,000 cSt during the test and cannot change by more than
six percent for three days. In this test, Mobil Jet Oil 387
remained less than 10,000 cSt, a result significantly better
than competitive oils tested.

CONCLUSION

Mobil Jet Oil 387 delivers excellent all-around performance
for engines of today and tomorrow. It has thermal stability
and low coking but still is very benign to seals - striking a
perfect balance.

Over the past few years, several of the world’s leading
airlines have used Mobil Jet Oil 387. In addition, Mobil Jet
Oil 387 is fully approved for a number of leading engine
manufacturers such as GE and Rolls-Royce which power
some of the latest technologies.

Moving forward, we are certain to see Mobil Jet Oil 387
become an even more popular lubricant option for engine

makers and airlines around the world.

SOURCES

(1) Broadbent, Mark, 2015, “New Demands, New Oil” AIR
International, May 2015 issue

(2) ExxonMobil Aviation, 2014,“ExxonMobil Aviation Tech
Topics: Oil Coking™:

http://www.exxonmobil.com/aviation/Files/learningandresources
tech-topics_oil-coking-part3.pdf (2015-10-21)

(3) ExxonMobil Aviation website: “Mobil Jet Oil 387”: http://
exxonmobil.com/aviation/productsandservices_jet-oils_mobil-
jet-oil-387.aspx (2015-10-21)

(4) ExxonMobil Aviation Mobil Jet Oil 387 Fact Sheet: “Next-
generation engine oil helps maximize time-on-wing and
minimize maintenance costs”, 2014: http://www.exxonmobil.
com/aviation/Files/mobil-jet-0il-387 factsheet.pdf (2015-10-21)

(5) ExxonMobil Aviation, Press Release: “Virgin Atlantic Selects
ExxonMobil’s New Mobil Jet Oil 387 for Boeing 787-9
Dreamliners”, January 22, 2015: http://www.exxonmobil.
com/aviation/Files/learningandresources media-and-events
press-releases VirginAtlantic__Selects MJO387 for
Boeing7879Dreamliners PR_Jan2015v1.pdf (2015-10-21)

(6) © Copyright 2015 EMG Marketing. All Rights Reserved

Download service for the GTSJ member of ID , via 3.21.93.159, 2025/05/06.



449 BAHX 4 —E %A%

FRTEHDRWIGE (2)

—B—=

{#E&] : To put something in the back-burner

(B TR 2], TBHEITICTS)

{EHEA ‘burner” IS A THAMD L H 1T, BREEE

EPFDOERETT, LHL, ZOSED, HEATCTHGE
ELTEbNZEE, N—F—FEEN—F—TIFEL<
7Y, MIZISEPAEShLEZAERD T3, 22T,
“front-burner” 1, HIZRH & ZAIZH Y, FEHITWE
RGN L INTVWE T, —7, “back-burner” i,
BAZHY, HINEHPERONEEA,

LoD, FEFITHENIIZ>TLEVE L7ZDT,
22T, EBWRHAEBRFCHBPEMELELEY. b
LWZEiC, 7uy =2 VAL TUY =7 B, B
LTwaelLlELi). MADTUT s F-F—A4ld,
TR EZN S 72012, A% LT PRERE LI
WL E L7z, #iE, BEESHFICLLEREOHESE, #
LTFRIEEZFHFODATT,

FREBEEOH, [FHEOMAETFHRIIIETIIEKLL, =
DOTU T xy bERRERISEITT 2HIEIATRE] & O
BEDVDHoT, ¥R, 7uy=zs FAKFELILGZ LN,
TaY s FBIRIFIRIEEEIE, LhoTLEVE L7
LaL, BHEOFEATIE, 702 FBOIEFICH
WEBTEW R iE A ER S, [Fuy =7 B lE® 5
OTIRZRL, —FMLTOREIZT S Lo s
ncTtwid,

Z2ZT, 7Yz MBOF—TIiE, F—AITKE-
T, [Hcxo7ay =2 FBIZ—H EIF75] 8L
F L7z, JEFET, “Management has decided to put our
Project B in the back-burner.” £ EX5TL X 9o

{#ZE] : To drop the ball
{ =k} [LEARS ] TLLLA]
{E5BR| COEE HFTE [H2rEET] T,

BIRTY, HNFEF7 74 20 HERL &, DK
T, ABECATIHEDBHNTLSTLEY). %, H
HORFHICH T 5D TY. Wiw, TOYaE, T3]
& 3R] THL%y, MR EbD] 22z ) %
¥

BlaBFEL L), WHTHY 2 b2 F—ATHD

FREszAt 2015429 H 6 H
*1 My aryury b

{
Vol.43 No6 2015.11 B R T IHS
>

L

YOSHINAKA Tsukasa

Twa, LLELE). F—4 AU N—RKHFEH
PZFF->TWET, LIHH, TONO—ADEEAL
PERET, HEHANTIAZRILZOTT, 203
ANFzlzoT, 7Tz PEKROERFELTL F
WE L7ze TOWE, F—20Mox yoN—1k, [0
BET, 7udzs P ERTLES72] EARWER
L3 TLEIe TNEIEFET, “The project has been
delayed, because he dropped the ball” £ E2F3, ¥
i, MOBNEBEHETL L) D5

ZIT, —OEELZVENS) T, LoFITI,
EEARPERET, IAZRILZOTTLA, “to drop
the ball” 12i%, FEHROFEMIEIZIN TV EEA, EiT,
(B2 R LERZ] L)y BRTHELNLE T,

{#EE&] : To keep the ball rolling

Bl [@UNnhwEHicd sl [HEAKT S
{E5ER) COFE, HiRT AL, [HZEl L))
T9o. 2O [E] 1, CoOXHAZHERFATHD BE,
Tud s bEdh, HH GERE, BB ETICEHS
REORMAEH,»L S0, 125D 3,

BIZE, TR FEIMEONLE S THIEILES LS D
DO, HKALhTuY s EEDRT LD ETIEE,
[COMSNITFHROPT, MEhr7Tud s b ifT
LE91 &E2%L &9, “Within this limited budget,
let's keep the ball rolling, at least.” T35

ftHEP7uy 7 e l%E [LiwiTs] THL, L
Bod| EEVTWEAEIZIE, O “keep” & “start’
WCEZIEE LV, BlziE, BRICERLTWAKE RET
FOLBOED, o L PEPM V7DD S5
ELELED INERT, [INT, oL #fiixih
wons| LEIEE,
rolling” ¢ E2F 3,

“Finally, we can start the ball

{ZE&l : To go bananas

Bkl ¢ [REENALDWCIRES | Ko7z &
I B ]

(BEE e LTk, R&FADOEBEFZOHICDH

5, =G HEELTY . 3T, RMOHFE [7—] T
5, Zhaddhx OMiETY . SRR (ZE I 2)
ZHWT, SFMBFE ORISR T L2, Ehd g
FTHAHKGECRERIME ) TEA £2C, HEFE DL

Download service for the GTSJ member of ID , via 3.21.93.159, 2025/05/06.



450 FRTCEHHVWEE(2)

AA#AR2-—EZER0

GERRT, BRPEIZI) R0 ET L, I5FHIC
[(BHHWREIZ) 5], bbb BHYF L, 22U
WhHlo—>o& LT, “gomad” TSN TwE L7,

—7, “go mad” XFKTHI LI, [BE] [FiE
WIZH 5] T, BEHO “mad” HHREE LTibNT
WEF, 2T, f#E2AMMEED, ‘mad” LI %R, b
DELYDOHEEONRDLYIZ, FHERNRLDEELEES Z
ET, NFFRBIENOTIE RV, LW IH) DD
K TR TY . RO HHBHN T, Mg N T 528
BIENT2DD, 50D EFEA 7272, NFFHEIZOHI7Z
FT%RL, Bk, -R-OETHELITIOHIZ KVE
WERTIREbLILEWE ) T,

T, TOEVEILIE, EHOVHIBEIELNRLEIDT
LtIde EL LOWEICYT- 2L h, AFOHEL

WEERFAICEK LR, RAPETORY, KEER
72X OIRBED . TV I, ENER TR TV
7%, “My brother has gone bananas.” S22 5D T,
LT, WEELFSoTWZOTIEDY A,

F72, TOFVELIL, BLVWEZITICEbRSE DT
TEH Y FHA Bz, FHESROPTEATHS
7B, BREAOKFIIL T2 WoMix# L <
LEobLIEL o, ZORE FHLEIX [BLXEA,
INERIS, WA o TREZE] EEVAEHT
LEdo SOEAICHMER T T, “Dad will go bananas,
when he sees these broken pieces.” &% 0D L & 9 %

ZERAH
2. "HTRSERIGEL", A T T, R ST, 1956

Download service for the GTSJ member of ID , via 3.21.93.159, 2025/05/06.



451 ARG X2 —E L FR5%

Vol.43 No.6 2015.11

| Beffrsm S

SURHIT S 2 KD 73 S IZBY 9™ % E5E

A Study on Disruption Patterns of Water Film Splashed into Air Flow

A

MATSUZAKI Yu

ABSTRACT

gy E S 1T o

NAKANO Susumu TORIYAMA Harumi

P B (L TN U

TAKEDA Youichi SATOU Kunihiro

As a fundamental study on disruption of a water film formed on a blade surface of low pressure stages of steam

turbines, disruption patterns splashed from a plate edge which is set in parallel air flow are observed by a high speed

camera. The experiments were done using air flow with maximum velocity of 127 m/s and water supplied by city

water. Disruption patterns of the water film change by Mach number of air flow and relative Weber number which is

expressed by the water film depth taken as the reference length. Disruption patterns of the water film on the plate edge

are quite different from those observed in a single water droplet.

Key words : Water film, Droplet, Low pressure turbine, Steam turbine, High-speed camera
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Fig. 8 Photographs of water film disraption (Up=27.2m/s)
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Fig. 9 Photographs of water film disruption (Up=31.7m/s)
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Figl10 Photographs of water film disraption (Uy=40.8m/s)
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