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Abstract To ensure the stable flight of aerospace electric propulsion systems, it is necessary to
measure the supplied flow rate and control it to an appropriate level. However, conventional flow
sensors are costly and face limitations in space environments, making heat-based flow estimation a
promising alternative. In this study, the Taguchi method, one of the experimental design techniques, was
applied to perform thermal analysis simulations using Ansys under various variables and conditions. The
Taguchi method was used to set heat supply and the positioning of inlet and outlet temperature sensors
as key variables, and the optimal distance conditions were derived. Thermal analysis was conducted
through Ansys to analyze the flow estimation results under each experimental condition. Therefore, this
study demonstrates the practicality of the heat-based flow estimation method for fuel management
systems in electric propulsion systems, presenting a new approach for the efficient and economical
operation of electric propulsion. Additionally, this research contributes to the development of fuel
management technologies that can be effectively utilized in the constrained environment of space.
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Table 1. Level range of major factor
Maijor Factor Level 1 | Level 2 | Level 3
Flow Rate [ccm] 10 20 30
Temperature [C] 0 25 50
Heat Transfer Rate [W] 0.3 0.5 0.7
Sensor Distance [mm] 3 9 15
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I 2. Analysis case
Table 2. Analysis case

Model Initial Fixed Inlet Heat Volume
No. Temp. | Temp. | Temp. | Source | Flow Rate
[c] [cl [Cl Wi [ccm]
1 0 0 0 0.3 10
2 50 50 50 0.3 20
3 25 25 25 0.3 30
4 25 25 25 0.5 10
5 0 0 0 0.5 20
6 50 50 50 0.5 30
7 50 50 50 0.7 10
8 25 25 25 0.7 20
9 0 0 0 0.7 30
E 3. 7o =4

Table 3. Material properties of parts

) ) Thermal | Specific | Dynamic
Material |Density| L ; )
Parts ] [ka/m3l Conductivity| Heat | Viscosity
9 W/m-Kl | [UkgKl | [Pa-S]
) Stainless
Pipe Steel 8,055 15.1 480
Heater|Tungsten| 19,300 163.2 134 -
Flud |- Xeon | s a94 | 0.000 158.4 |0.0000228
Area | [Gas]

Star-CCM+W9] Mesher 7|68 Argalo] B 49}
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Type©o|H Prism layer= 5788 &85ttt Surface
Control 7152 #8359 Pipe®} Fluid Area F&H
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et B2 194 7} 2ol oF 420,000 A9} AR
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Table 4. Computation grid Setting

Properties Value Unit

Mesh type Polyhedral -

Base size 0.5 mm

Number of Prism Layer 5 -
Prism Layer Stretching 1.2 -
Prism Layer Total Thickness 0.125 mm

. Suln‘ace Control 04 mm

(Pipe & Fluid Area Contact Area)

O3 4. AN AR 23 (a) S8 (b) EHH
Fig. 4. Results of computational grid (a) Total (b)
Section
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Fig. 5. Velocity distribution of middle section
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Experiment Flow Heal Sensor | Sensing
Case rate transfer \Temp. distance| Temp.
rate
1 1 1 1 1 0.2136
2 2 1 3 2 0.6596
3 3 1 2 3 0.8893
4 1 2 2 2 0.8102
5 2 2 1 3 1.3194
6 3 2 3 1 0.4701
7 1 3 3 3 1.3557
8 2 3 2 1 0.6079
9 3 3 1 2 1.7240
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Fig. 8. Data through the smaller the better method;
(a)flow rate, (b)heat transfer rate, (c)sensor distance,
(d)temperature.
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Table 6. Main effect of response on the mean

Heat
Flow Sensor
Level transfer |Temperature|
rate distance
rate
1 0.7932 0.5875 0.4305 1.0857
2 0.8623 0.8666 1.0646 0.7691
3 1.0278 1.2292 1.1881 0.8285
Delta 0.2346 0.6417 0.7576 0.3165
Ranking 4 2 1 3
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Fig. 11. Temperature distribution analysis results of the optimized model
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