J. Korean Soc. Combust. 19(4) (2014) 21-27

&= http://dx.doi.org/10.15231/jksc.2014.19.4.021 ISSN 1226-0959

nto| 22 7t A H 27 A 71}

r

= ="t
_l__

=71A

*

re o ofl

ke

:[L

Design Methodology of an Annular Combustor for Micro Gas Turbines

Ju Hyeong Cho™"
“Korea Institute of Machinery and Materials (KIMM)

(Received 3 November 2014, Received in revised form 5 December 2014, Accepted 7 December 2014)

ABSTRACT

MGT (micro gas turbines) have been gaining particular attentions with a variety of commercial and military
applications due to their advantages such as compact size, simple operability, easy maintenance, and low
emissions. This study deals with development processes of an annular combustor applied to MGT. Preliminary
design methodologies are used to size the main components of the combustor. Key design features such as
liner temperatures and pressure losses are evaluated. Results show that the estimated liner temperatures are within
acceptable range. Dominant factors for pressure losses are estimated to be air admission holes and burner swirlers.
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TP
A. : cross-section area of annulus p : density
A : surface area of casing k  : thermal conductivity
Ag : cross-section area of liner 4 viscosity
Ay : surface area of liner © : swirl angle

A/F : air to fuel ratio
dn : liner width x 2 Subscripts
dha : annulus width x 2

m : mass flow rate

P : total pressure

@ : fuel LHV (lower heating value)

: combustor inlet condition
: combustor exit condition
. air or annular

@ o & K~ W

: casing
T : temperature : gas
Greeks sw : swirler
& emissivity w : liner wall
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Fig. 1. Configuration of a typical micro gas turbine (MGT-
65, Capstone).
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Table 1. Operation conditions (@ design point)

Parameter Unit Value Remark
Air mass flow rate kg/s 0.98475
kg/ S 0.01556 natural
Fuel mass flow rate
kg/hr 56 gas used
A/F kg/kg 63.31
Inlet air temperature K 462.7
Combustor exit tempe- K 133
rature
Inlet pressure kPa | 412.894
iffi
Pressure loss % 2.5 diffuser
excluded

Select combustor type
/ fuel type

A

+| Determine reference &
- liner size

: : Design Swirler
Determine Primary

Zone air requirement
and size

Determine
Igniter location

A
Determine Dilution
Zone air requirement
and size

Design dilution
holes

A

Estimate Liner wall
cooling & Pressure loss

Feedback from performance test
Fig. 2. Preliminary design processes of gas turbine com-
bustor.
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Fig. 3. Configuration of an annular combustor developed
by KIMM.
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Fig. 4. Configuration of a burner swirler.
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Cz = Convection heat flux to annular air
K = Conduction along liner wall

; % Ki-2 = Conduction heat flux through wall

I TQ = Convection heat flux from gas
Ri = Radiation heat flux from gas

I Rz = radiation heat flux to casing

Fig. 5. Heat transfer processes through liner.
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Table 2. List of variables for heat flux analysis

Variable Unit Value Remark
Ty K 1900
€c - 0.6 ref. [8]
ey - 0.5 ref. [9]
€g - 0.1043
IS m 0.1598 beam length [7]
Ha kg/(m.s) | 3.89 x 10”
e kg/(m.s) | 7.05x 107
ka W/(m.K) 0.0553
ke W/(m.K) 0.157
o W/(m’ k") | 5.667 x 10 | Boltsmann constant
kew W/(m.K) 25.3 ref. [10]
tw m 0.002 liner thickness

Table 3. Liner temperatures estimated by heat flux

analysis
Variable Unit T(1) T(2) Remark
K 837 861 reaction side

outer liner

K 843 867 casing side
. . K 1023 869 reaction side
inner liner - -

K 1017 863 casing side
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