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In this study, the performance of a turbocharged Mazda 13B Wankel engine under high-altitude flight conditions was
investigated through numerical and experimental approaches. Due to the lack of dedicated software for precise analysis
of Wankel engines, a geometric and functional equivalence method was first developed to convert the Wankel engine
into an equivalent piston engine model, enabling the use of conventional simulation tools. The equivalent model was
simulated in the software based on the conditions of the main engine test setup, achieving an average power discrepancy
of less than 5% between simulation and experimental results. After validating the baseline model using laboratory data,
the effect of flight altitude on engine power output was evaluated for both naturally aspirated and turbocharged
configurations, particularly in scenarios where experimental test results were unavailable. The modeling results indicate
that, without a turbocharger, the engine power at 18,000 ft drops to approximately half its sea-level value, whereas with
a turbocharger, the engine power remains nearly constant up to 30,000 ft, mitigating the power loss due to reduced air
density. It can be clearly stated that in this research, the numerical model of the Wankel engine has been developed
based on existing piston engine models and validated against experimental data.
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Table 1 Specifications of the 13B Wankel engine [31]

Row Parameter (units) Characteristic values

1 Max power(hp) 200

2 Max RPM @ Max Power 6350

3 Max torque(N.M) 212

4 Max RPM @ Max torque 3750

5 Displacement (cc) 654x2

6 rotor Width (mm) 80

7 rotor Radius (mm) 105

8 Eccentricity (mm) 15

9 Compression ratio 9.76
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Figure 1 Geometric parameters of the Wankel engine compared to the
reciprocating engine [32]
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Table 2 Geometric specifications of the equivalent piston engine.

Row Parameter (units) Characteristic values
1 Cylinder diameter(mm) 137
2 Cylinder stroke(mm) 44
3 Connecting rod length (mm) 105
4 Compression ratio 9.765
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Figure 3 The engine under consideration on the test bed under laboratory
conditions.
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Figure 4 Schematic of the engine test facility used for testing the turbocharged Wankel engine under high-altitude conditions.
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Figure 5 Variations in manifold pressure relative to throttle changes
obtained from experimental testing and numerical simulation.
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Figure 7 Comparison of power variations from experimental testing and
1D simulation at different altitudes and 100% throttle
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Table 3 Specifications of the baseline engine test at an altitude of 5000
feet.
Row  Propeller RPM Manifold pressure (mbar) throttle (%)

1 1950 650 30
2 2100 750 40
3 2210 790 50
4 2206 807 100
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Figure 6 Comparison of power variation from testing with 1D simulation
at different throttles under sea-level and 5000-foot altitude conditions

sleosls g (g3 (gilwdie s le (Glawglin dolsl s
o1 plil Cilizo glas)) bl ;3 by s5ige 2t Giales
15503 §1 45 @S sl abbise sanlice B Y S 5 oS
5 033 )8y 2 gleesls 5 Jae glie (55 Gl ccwnlay
b ol 00 (5155 30y3 ¥ 51 a8 gl aund slbs (uSilio
3950 0333 9990 (2 9)> lsi 53 Slaiwgn il elasl (il
SUid edl dsa JBs prals @ plgie | wdl ol canle oS
IS 52 53 (93559 Slop @2 LR Azl 3 5 Sotegb
e 4y edguw coud 39d0 el plals gl als cows
S Ll b phals glusl plodily g oad j93 dingy bulyd
OhUsneT wile) euiiSplpz piuaw ey wdl> ol ) y5ig0
] Gl jLid euditine @ (5395 (g Hlade (iS50 Jos
b o el Ghs Loy jige olss LRl 39y Juls oaes @
balyd 33 prizer IS Glgres fu sl Saelinsgeys bils)
ielS by 395> oS aidly (rals ju (53959 sles b glas)

Volume 25, Issue 06, June 2025



OlSan g oslisly slagge YRS
ol s 250 ail3e 40 31 iy ke yiolly Ky (gl e
b s 05 550 il canld Gy 50 eyl o 352 anlss Lise
L ollae ol s ol 31 e 55018 s 5 30 (5,20
Sy 0ad ot slie b (alligle] glaesls 0 Jsi

35108 duglio Jao hauwgi ilie slaguly

e ly il oddd osliiwl (ssye J.Lajl},gJUT o ‘al?dbb
P-value g F-value yiohly g3 jl canl cwd & Jso o
iy 4 F-value g P-value azy0 Jao S (sly s oaliil
iy Jo 0 yelly o (613858 plie 118 5355 5 Sz sS
Sbse G P-value (il olb Jgol wlwly .39 slgs
STl 3013 Gl el o (61355 @l et sl

(DOE J342) Juol> 2ol 5 5133108 gl oads sy ssise (s3lgaduny wlilejl ¥ Jyazr
Table 4 Proposed tests for the Turbocharged engine using software and the obtained results (DOE table).
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Table 6 Statistical goodness-of-fit analysis for the percentage changes in
ower and manifold pressure generated from the Design of Experiments.

Standard Deviation b 8.12
Coefficient of
5.89 1.06
Variation (CV%)
Adjusted R* 0.99 0.999
Adequate Precision 52.8278 183.1153
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Table 5 Analysis of Variance for the percentage changes in power and
manifold pressure generated from the Design of Experiments.

Sum of Squares Sum of Squares
Power % Manifold Press. (mbar)
Source
F-value p-value F-value p-value
% % % %

Throttle 2173.31 0.0015 18654.94 0.0001>

0.99 0.0001> 86.86 0.0001>

B? 23.38 0.0001> 378.99 0.0001>

ol J3o (598 (5lolize oximaglia lss (i 53 0 Jgaz gl
59390 0l9d (53 lede 53 Silatucw las 3929 pac (sLigS oS
Jie &5 3550 30l 03 pasi s oy aizme tablie
Ui 53wl GialejT laesls eilpues 1+ /AAY o 4 )3l
oo ¢4 5lade bosd il usli o s jui Jgdie jlis

S e 3l 1y Wadiio jLid gjlo e
Uginio Lt g olg3 sl 93 55kl il 5IUT 55 T Jgaz 5

ol 035 1))

Uosde Syilse uwdige ele dolinle



way 3Slac iy Juo dzawgl olyam as Yl gladyl 55 13ldo187 shls 39 sgige S ySlae (ynT uyy

A1 oS oslisl 3,90 15, Lbg0y95 (S5 (slacasgame (38,5
‘J)ys.o U'9" 4559)60)‘.533' ROWIRYA 4 d)ls.a UT)LI.MS e
s as gyl ol 51 en a9l Bas Lylie Ve sgas glad)l
NP IS P ROLPEYEQPITN PR IETR; 310297 JORvor)
@ B Kos dilole «hume HLid yidun GRals b g8lg 55 .a
9559338 (529)> 0lgH 9 391 Amlgii lga JBo wdl JolS

35550 395 4 SJg3

Power (%)

B: ALT [ft)

2000 10

€ 5 (A) i35 1555 53 ool 3 0l e 5| Juol> it A U5
(B)
Figure 8 Results of the power test based on two factors: throttle (A) and
altitude (B).
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Figure 9 Results of the manifold pressure test based on two factors:
throttle (A) and altitude (B).
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Table 7 Investigation of model uncertainty in the measurement of power
and manifold pressure parameters.

Manifold Pressure

Power Parameter (%) Parameter (%)
0

Source Contribution Rel?ﬁv? Contribution Rel.ativ?
Contribution Contribution
% ° %
Intrinsic Model Error 3.76 89 8.115 48
Throttle Sensor Error 1.74 7 7.65 45
Altitude Sensor Error 0.62 4 1.25 7
Combined Uncertainty 4.23 100 11.02 100
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Figure 10 Modeling of the equivalent piston engine for the turbocharged Wankel engine.
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Figure 11 Comparison of experimental power variations of the
supercharged engine with 1D simulation at specified altitudes and
throttles.
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Figure 13 Performance curve of the turbocharger compressor at 100%
throttle with increasing altitude.
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Figure 12 Variations in power output of the baseline and turbocharged
engines with changes in altitude.
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