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ABSTRACT

In this study, a set of performance tests on 3D-printed combustor components were carried out to
investigate the performance of 3D-printed component and its feasibility for micro gas turbine engines.
The test were conducted for four different equivalence ratios under two different engine operating
conditions. The measurement results show that the tested combustor had a low total pressure loss
coefficient and a uniform exit temperature distribution. However, the combustion efficiency values are
less than 93.5% owing to the large amount of UHC and CO, which is considerably lower than a typical
gas turbine engine combustor. The performance data obtained from the tests will be used for

combustor performance improvements using 3D-printing technology.
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Fig. 1 Benchmarked Micro gas turbine engine
(Jetcat P300-RX).
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Fig. 2 Cross—sectional view of micro gas turbine engine
and air and fuel low diagram combustor{7].
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a) Liner front view b) Liner side view b) Vaporizer body

Fig. 3 Jetcat engine combustors.
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¢) Printed Combustor Parts

a) Mlab b) Printing bed

Fig. 4 Metal 3D printing manufacturing process.
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Table 1. Estimated compressor performance to use inlet
condition of combustor.

Temp. | Pressure
(K] [kPa}

288.2 101.3

451.7 359.7

268.7 70.1

Station Description

Ground |Comp. Inlet

Condition | Comp. Outlet

3km Comp. Inlet
Altitude

Condition

Comp. Outlet 4494 248.9
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Table 2. Specification of test facility.

Parameter Specification Unit
Max air mass
2.0 kg/s
flow rate
Max pressure 4.5 bar. A
Max inlet
800 K
temperature
Max fuel mass
30 g/s
flow rate
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Table 3. Combustion test condition.
Air Mass
) Air | Comb. .
Operation| Flow Equiv. ¥
No. . Temp.| Pres.
Condition| rate [ D]
[K] |[kPa.A]
[ke/s]
1 0.24
(a) Photograph of Combustor liner performance test rig 2 Ground 0.20
- e DP** 0.52 480.4 | 359.7
3 0.15
(GDP)
4 0.10
5 0.24
Altitude
LRI Y s ¥ 99 6 0.20
) . . DP 0.37 4494 | 268.7
(b) Cross-sectional view and 3D modeling of test rig 7 0.15
8 (ADP) 0.10
Fig. 6 Combustor liner performance test rig for micro - - - - - .
) ’ * Equiv : Equivalence Ratio ** DP: Design Point
gas turbine engine.
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Fig. 8 Pressure drop through the combustor
under the cold flow condition.
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Fig. 9 Circumferential temp. distribution at combustion
liner exit.

a) Combustor Liner

b) Combustor vaporizer body

Fig. 10 Photographs of combustor parts after
combustion test.
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Table 4. Combustion Test Result.

. |Equiv/|Pres. Comb.
Operation| . PF* ]
No. .. | Ratio [Drop Effi.
Condition| o [L%I]
[O] | [%] [%]

024 | 53|80 933

UHC*t CO
[ppm][ppm

1 1,900|1,010
Z Dp 020 | 46 [102] 922 |1570| 54
3 0.15 | 4.4 |10.8| 92.0 |1,520| 555
— (GDP)

4 0.10 | 4.4 |9.8| 91.9 |1,040| 380
5

6 |

7

8 |

Ground

024 | 46 |9.0| 93.0 |1,943|1,237
0.20 | 4.5 |10.3| 93.4 |1,594| 805
0.15 | 4.2 |12.6| 91.8 | 1,563 | 629

0.10 | 4.0 |10.2| 90.7 | 1,227 | 452
* PF: Pattern Factor ** UHC: unburned Hydrocarbon

Altitude
DP
(ADP)

APm—out: APm—omﬂ mmTrOrLs )2
P, Gref 2 Ah.eff*Pm
@)
V;

m: /’H,Ah,u// Vie » M, =

h.eff : total effective hole area in liner
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Fig. 11 Combustion efficiency.
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