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Fuel Burn of an Aircraft with Lightweight ICR Engines
Using Airfoil Heat Exchangers
Y o il Ry 24!
NINOMIYA Ryusei ITO Yu NAGASAKI Takao
ABSTRACT
Along with accommodating the recent increase in demand for aircraft passengers and cargos, the reduction of
aircraft CO, emissions is an urgent task. It is expected that a reduction in fuel consumption of aircraft engines will
greatly contribute to reducing CO; emissions. In this study, we focus on a lightweight ICR system using airfoil heat
exchangers designed by Ito et al. This ICR system was mounted on the "GEnx-1B64" base engine used in B787-
8, based on the assumption that the total mass of the engine does not change. Three cases were investigated, namely
the base engine, the ICR engine, and the ICR engine taking into consideration the reduction in loaded fuel mass as a
result of the ICR system. We evaluated the effectiveness of this ICR system by calculating the fuel burn of the entire
aircraft for the flight path between Narita Airport and Chicago O'Hare Airport.
X—TJ—R:HFAF =¥, Yy b Vv, ¥4 7 VEtE, BABKZHE T7a—TN—
Key words : Gas turbine, Jet engine, Cycle calculation, Airfoil heat exchanger, Fuel burn
1. &5 Q BriEm (W]
A g5 R FHABASSHR 2
Cp S HE Bk Re LAV AE
Comb  #ABERE SFC 1 ¥ > OYALHET) BRG] 2572 ) OBRFHH
D e &S
S PR F i T )
HPC o e TIT y—¥ y AImE
HPT &HEY—E> AT N BCPIEE
HTM Bk gk eva  BVERITEI
h BUREREL (=Eha ik AR O B U i/ 2258 D B i )
IC Hh ] v B 2 @ AT OIEEA & B3 o
ICR Hh ] o H P A B SS E @ T D =
Le Hig i n i TR B A i C DRGSR AR S
LPC  fRJEAiHE ¢ b
LPT EES—-E> v B OB IE R+
M A DAY
m T T
Nu FE AN air 225
OPR  &fFEik aircraft FEIRAR
Pr MV entire — D DORBBIIRZGRO M
in AH
JEfasZAT 2018411 H21H out I
e T htm  HTM GHRBER)

T226-8502 AT EE HIT4259-G3-33

* 2 BlTE BOUKRFTAREITER A2 T HK

Download service for the GTSJ member of ID , via 216.73.216.105, 2025/08/28.



430 BAHTHRZ CIBELABEICRI VU EEHMEEO 71 —TIN->

HEA#HR 2 -—EZR0

2. FLBHIC

WEAE, ra— NV boE R T, Fig LWCRT X 912,
20374 F TICHLZEEDRE, RO, BWOREDN, Th
F 245 (=18587/73371 J& A -km), 22f% (=508/227
10fEt-km) 1222 L FMSNTNEY, ZOHKLTW
CMZel oo &, COMEE MM FM I N T
WHHLZERET D, HIERIEBEILRR E LT, COHIAK
HOHNTWAS,

ICAO (HEIBRRMIAZZHERT) 1, 20104 o 55370 #
ZIBWT, GEEDELED FOPHEELE LT,
20204 LIBECOMRHEH EZ AL VNS e v &
ZIBU 720 MLZEERIC BT B COBEM BB, HIK,
T, WiZeiEERE (YY) okRER EREE LI X
LB R OHIRILETH Do FFIC, MLz
PEREI FISRERE B R ORISR & {HF 535 2 L3
FENTnb, SHICRIBEREE LT, 20054F % i L
L 20504F & TIZCOMRHEIL R Z50% K3 5 2 & 2 #51F
TBY, ZOHNDPH5REEOHIBIHTZHE RO PERE
EREBT A Z EERD TN DY,

MLZEHEAERRIC BT 5 COPEM ORI E LT, H
BhEE & FARICEEMEATEH S Twbe HizedfifEiliism
EU72D DT THHIMTEENRE T LRSI
5785, BEMMUZEHEMERE, BRTL2E—FREBOMT
BREEAVNE Wz, BURE L TIRERLICEE > T
Vo TEEMLZEEEROFHLIL, SOEMOY —Y aF v
TfEHET, 20304EARICHRSS, MUY, BRI L Z2WIR
BT225) UTRITWREE 2 ARETHY, ThIDK
IR O BRI HEAER O FEHLICIE, ISR 2 25
LEFRWINTNEE,

W2, TR SETEICBWTIE, BURCHiZeHE
e LCHERNLZ Y =T 2EAMEBHA A -y
TV OMRREE RO, bbb, R, SR
IEDEEE %%, RREEFEMEHA A - v
JrELT, hEGHE - HESRTE (ICR) vV ¥
PEH SN T D00, gy IC) Y AT AT
i, EfEEoaTRe, N SRR THRKIEEZIT)

BB Mt CHTEERE S N2 T2 G H S ¥ 5 2 & T,

BEAMINSE, AEREZRD S DL700, BB
oSS, HHE2MNSEs, 2020, [H
—HMNTIE, PREGHIGEZERL T2 nwL U /iZk
NRTHERL v Y i3 e, BRibTt& b, —F
FAZR R) VAT, BRESGADOZESREa 7
VI UHO ORISR A L BSR R, AT AL
THRFEERZHIRS 5,

Wilfert 57i%, ICRT ¥ ¥ ¥ OERRER % T\, FLifE
IV LU CTHALHET) - HATRER S 72 ) O BREHH

B (SFC) HM17T%HIM I NS T L 2 L7ze LA L

Fig. 212§ & 9 IR DICRY 27 A d #7224 m L
7REBHEDOICEREZNL EH R Y — € ¥ Zil & it s
% EZELAM ORED GIRRAAE 1Z X 2 HERNOME

MR TE T, EAMLICRES Ldh o7,

COERBIMOBEZ FIT 57212, FHE S50,
Fig. SIORTIMEBHT A — Yy YV IH L2 iRR
BRI AT L ERRE L2 ZOBLHE Y AT 4
&, AR BER AR AR O SRR A (HTM) 1255,
i & AR AR I B S N7 B ZR O [ & Bl ik 3 % 6
HTMIZ, BN 0) OBGREDIVPELRLD b E
Wiz, 2R XD H/MVERE OB T, W U A%
RBEFEHTE D, T2, BHFOBRMBOLEENAET
HAS—CEyOMINKTE2b7253T2 L bR,

X502, PHES®OZ Fig. 413573 & 9 ICE MR
ERRR A N X — VA RREN & 3 5 BB BGSIR: &
ZEL, ZNICHHROHTMZ v 72 8 g i gz o A
TAEMAEDE, MEBATAF -y U2
WHTAHZEZRRE L, THIZXY, EEHOICER,
RO, BRSO KZEO 48 BEE A 2B RICR
WZeHHAY —C vy Y Y OERPMHEI N TS,
AREFZETIE, B787-8 ICHMEI N T 5GEnx-1B64 %
Her vy v e L, RMBIHEG 2 W/ EICR ¥
AT HEEBALLr =AD&, MEREROEREZ %
L7 2— TN — v ORISR 2 3 L 7e ik o
IIHIWICRBALLZ Y Y VX, F—HCl3dRET
YU VEANEMETE, F0h, BREL L, TOE
EAVNEL oo =TV v 2 HWT, BEICRY AT A
AL, ICRTY Y VOB ERIIIKEL Y DV LH—
L7z COIYYVEBRBOMEICHDE, KLY
v EIEE L 7-B787-8 (Casel), ICRT ¥ ¥ v 2Rl 72
B787-8 (Case2), ICRL > ¥ v % ## L 7-B787-8I2B W
TICRY AT A X DHIR SN BB EREL, Ho0
LD iE#T % R % A X & 72B787-8 (Cased) 3
OYEEME LT Z LT, SWRLAEDONPSS (Numerical
Propulsion Simulation System)®#% T, A 7 Vit
Baftole ZOB, KH-vHIMD7 54 M3 2 (8
R AR M- T Re-ERE) 2ME L, ), SFCEEHH L
720 ZDOSFC, )1, 754 MIhrsEEHR»S, A
RO T7 4 M40 ORBEHHERTH S T 2 —T )V
NV BB LTy DT 2—T W=V 2T 52
& T, BMBEE R RN LZICRY A 7 4 OBRERE
IR DA RN 2 5 L 720

-©-Passengers Demand  -8-Cargo Demand

20000 1000
_ 18000 900
2 16000 800
5 14000 | 2.4times 700 £
2 12000 600 2
§ 10000 R0 2
2 8000 . .- 400 =
§ 6000 .- 2.2times | 309 3
E: 4000 B 200 2
2000 100
0 0
2018 2037

Year

Fig. 1 Aircraft market forecast
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Fig. 4 New ICR system by using airfoil heat exchangers
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Table 1 Specifications of engines

Aircraft Genx-1B64 Genx-2B67
Fan diameter [m] 2.82 2.66
Length [m] 4.95 4.31
Weight [kg] 5,816 5,623

1-stage fan, 1-stage fan,

4-stage LPC, 3-stage LPC,

Configuration | 10 -stage HPC, | 10 -stage HPC,
2-stage HPT, | 2-stage HPT,
7-stage LPT 6-stage LPT

Table 2 Design parameters

Type Base ICR
Flight status Cruise
Altitude [m] 12192
(hljlgfﬁtnilzgggr) 0.85
Airflow rate [kg/s] 386
OPR 523
TIT [K] 1780
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Fig. 5 Installation places of airfoil heat exchangers
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Table 3 Glinstan specifications

Density [kg/m3] 6,440
Viscosity [Pa-s] 24x1073
Thermal conductivity 16.5
[W/(m-K)]
Specific heat [J/(kg -K)] 320
Liquid phase range at 254 10 1573

atmosphere pressure [K]
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Table 4 Calculation points in the average flight path
from Narita to Chicago

Flight status Calculation point
Take-off 11
Climb 15
Cruise 25
Descent at altitude of 5
3000 or more
Descent at altitude of 10
3000 or less
Land on 10
Total 76
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Fig. 6 Relationships between altitude, Mach number and time in the average flight path from Narita to Chicago

Table 5 Lift to drag ratio (L/D)

A .
L:Lift Flight Status L/D
Climb at altitude of
10
TTh t 3000m or less
«1NIUS Climb at altitude of
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8980m or more
:Drag :
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Descent at altitude 5
,W:Weight of 3000m or less
Land on 5

Fig. 7 Forces exerted on an aircraft
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Fig. 8 Relationships between aircraft mass, thrust and time in the average flight path from Narita to Chicago
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Fig. 9 Relationships between SFC, fuel consumption and time in the average flight path from Narita to Chicago
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Fig. 10 The temperature distribution in cruise
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Table 6 Calculation conditions

Casel Case2 Case3
Type Base ICR ICR
Mass of Bare
Engine per 5,816 5,685
engine [kg]
Total Mass

Including ICR 5,816 5,816
per engine [kg]
Aircraft B787-8
Aircraft Mass

Including loaded 219.54 218.94
fuel [t]
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Fig. 11 Fuel burns of casesl, 2, and 3 from Narita to Chicago
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