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INVESTIGATION OF PARAMETERS RELATED TO PERFORMANCE
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Abstract

This project is to numerically study the flow through an ultra micro gas
turbine for 3D with the use of the finite element method via a commercial program
called COMSOL®. Air is a working fluid, and laminar flow is assumed. The turbine is
fixed at the size of 15 mm for external diameter, the internal diameter of 4 mm, the
thickness of 2 mm and the volume flow rate of 5.89 x 107%m3/s without guide
vanes. Some parametric effects are considered such as (1) camber - using different
NACA 4 series airfoils such as NACA 0012, NACA 2712, NACA 4712 and NACA 6712 (2)
number of blades: 4 and 8 blades (3) blade’s outlet angle relative to the camber line
at 50, 60 and 70 degrees. The results show that the most curved blade, NACA 6712,
gives the highest power due to the fact that each airfoil possesses different inlet
angle and the more curved one has higher degree. This leads to higher tangent
velocity, thus, higher power. Nevertheless, the turbine power is also dependent of
speed (rpm) and the intet angle of the turbine blades. The turbine with 8 blades
conducts the highest power. This could be because the lower number of blades
could extract less energy from the flow whereas the higher number of blades leads
to the friction loss. Finally, the outlet angle of 50 degrees gives the highest power
because considering the velocity triangle, a small outlet angle gives the higher
velocity component at the trailing edge causing higher speed, which is proportional

to the turbine power,
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dwiudoyadunugana 16 Yeildlunisisfayalulusunsy COMSOL uanalafnsai 3.1

< 1 o
#1319% 3.1 Yaagndiud 16 90

fqﬂﬁ‘ Cross Section Line Data
X0 X1 YO Y1 Z0 Z1 Line resolution

1 2.2e-3 | 22e3 0 0 0 2.0e-3 30
2 1.9e-3 1.9e-3 | 08e-3 | 0.8e3 0 2.0e-3 30
3 1.45¢-3 | 1.45e-3 | 1.45e-3 | 1.45e-3 0 2.0e-3 30
a4 0.8e-3 { 08e3 | 19e3 1.9e3 0 2.0e3 30
5 0 0 2.2e-3 | 2.2e-3 0 2.0e-3 30
6 -0.8e-3 | -0.8e-3 | 1.9e-3 1.9e-3 0 2.0e-3 30
7 {-1.45e-3 | -1.45¢e-3 | 1.45e-3 | 1.45¢ 3 0 2.0e-3 30
8 -1.9e-3 j -1.9e-3 | 0.8e-3 | 0.8e-3 0 2.0e-3 30
9 -2.2e-3 | -2.2e-3 0 0 0 2.0e-3 30
10 | -19e-3 | -19e-3 | -08e-3 | -0.8e-3 0 2.0e-3 30
11 | -1.45e-3 | -1.45e-3 ; -1.45e-3 | -1.45e-3 0 2.0e-3 30
12 -0.8e-3 | 08e-3 | -19e-3 | -19e-3 0 : 2.0e-3 30-'
13 0 0 ~2le-3| 22e3 ] 2.0e-3 30
i4 | -08e3 | 08e3 | -1.9e3 | -19e3 0 2.0e-3 30
15 |-1.45%-3 | -1.45e-3 | -1.45e-3 | -1.45e-3 0 2.0e-3 30
16 | -1.9e-3 | -1.9e-3 | 08e-3 | -08e-3 0 2.0e-3 30
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3.5 nIRIUINAtag R lReInA e

o L L By & o 1 g v v
n1sAuIuAidafildanasslvail isviveyaaiansfildainlusunsy
coMsOL indmwnnilungud] lnatslagndagranisdnnauidavossiin NACA 0012 31

et ar o = G’j L4 o &
Tuvin 8 Tuwn YU Reon 50 231 UTUNDUNITATUIAIU

1. PINNSIATIEARETDLUSUNSH COMSOL 1ldianmnaiiivas NACA Tusadna
A9 0.00217 m/s

vl A
2. Naun1g 3.1 Li'ﬁ]g‘lﬂWUVI A 29nUN

Iﬂﬂ‘f"'l n=3141592654,r =75 mmuas L = 2mm ~ A = 942857 x 1073 m?
A= 2nrlL 3.1

3. MNAUNTT 3.2 1519leamsinsivasanin

ol v = 0.000625m/s,A = 9.42857 x 1075 m? = Q = 5.9 x 10~8 m3/s
Q=VA4 (3.2)

v =] w ol e
4. NFuNI1T 3.3 Li'lﬂﬁlﬂ ﬂ']‘mL‘i'ﬂ‘uLL‘U'?3ﬂ3J‘VWI’I~JE]E]ﬂ°UiJ\‘1‘LUWﬂaE]ﬂ3J'1

Towfl Q = 59 x 108 m3/s, 7 = 3.141592654 , dy,, = 4 mm Ua% B = 2 mm
o vy = 0.002344m/s

- (3.3)
Ufz | ﬂdimﬂ

5. Mnauns 3.4 1519zl e ansiiveeenvedluWaoenun
Tnof Vvpy = 0002344 m/s, f, = 50 04m1 191 cotB, = 0.8391 - u, = 0.001967 m/s

U; = Vppcotf, (3.4)

v = v e
6. 3INAUNS 3.5 1319eld Aausdanevainvadludseanin

Iﬂﬂﬁ uy = 0.001967 m/s ,d;, = 4 mm Uae Dy, = 15mm » uy = 0.00524m/s

sy =, Jim | (3.5)
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v o el v as
1. 9MNEUNTT 3.6 Li”lilzlﬂ ﬂT‘mL%'J.lULLU'Jiﬂuwﬂ'NL‘Ufﬁlﬂﬂ.[UWﬂﬂaﬂuT

087 @ = 59 x 108 m¥/s, m = 3.141592654 , d;,, = 15 mm Uz B = 2 mm
- vpy = 0.000625 m/s

Q (3.6)

Ve =
1 'IIDimB

1 o ¥ = -l % "
8. 9ndauns 3.7 L'ﬁ'ﬁ]ﬁlﬂ ﬂ']']QJL%')ﬁNWUﬁa']NL‘WaU@Jl.‘lllﬂ"lﬂﬂ“ﬂ'NL‘ﬂ"l‘?.la\'i.lUWﬂﬂaﬂN']

Toed v, = 0.00217 m/s Wanmsmuaadulusunsy COMSOL uaz v, = 0.000625 m/s

“ Dy = 0.002078 m/s
Vi = fuf - v} 3.7

9. INENNTT 3.8 151slA ansinsivialBaulasenin

Tnefl p = 0.2849 kg/m3, V = 0.000625 m/s uay A =9.42857 x 10~5 m?
~ 1= 000524 kg/s '

= pYg (3.8)

10. 9103UM5 3.9 1579216 Mdeanu

el 1 = 0.00524 kg/s, v, = 0.002078 m/s Waz u, = 0.00524 m/s
~ Power = 1.82965 x 107 kg/s

Power = v, 1y (3.9}
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4.1. uanrsdnnnlugivesanudauasia

o w = = A ar . v o
ravsItdazAIILanslun1si 4.1 Avdiavadluinuuusineg laua NACA
0012, NACA 2712, NACA 4712 uay NACA 6712 laefiluinunassiiawdednnuluia
apniu 4 ludauas 8 Tuia wagluurazduluiniuamesndy 50, 60 waz 70 o
aajuduutayavasrnusuaziderildsuiiviavunagniay 2¢ doya
Areniaunainnmsiuulasldlusins COMSOL  dummdmnannsaiun
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o o Fwnluda | yavnsesnvesluvin AINGI mdailszu
yilalunn 14
Q) (G) (m/5) (107 W
50 0.00202 1.69127
a4 60 0.002026 1.16751
70 0.001998 0.724767
NACA 0012
50 0.00217 1.82965
8 60 0.002168 1.25764
70 0.002106 0.768073
50 0.002028 1.69867
4 60 0.002033 1.17197
70 0.002009 0.729189
NACA 2712
50 0.00219 1.84803
8 60 0.002179 1.2646
70 0.002134 0.779264
50 0.00203 1.70052
q 60 0.002033711 1.17242
70 0.002020665 0.733875
NACA 4712
50 0.00221919 1.87483
8 60 0.002014069 1.15991
70 0.00216 0.78%9643
50 0.002049 1.7181
4 60 0.00204 1.17643
70 0.00203 0.737623
NACA 6712
50 0.002249 1.90217
8 60 0.00223 1.29682
70 0.00217 0.793632
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4.2 AAT1EHNaN1IAaaY
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o W 1 9 o 4 = ar |34 < = 1 v
mmanwuﬁism'\amaqnugummaaanmm’luwmuam‘lﬂmnnﬂﬂgﬂw 4.1 ‘INW‘U'J'ﬂﬂ

Awduiusludnumgvasaumsindliioanids 2 (r2 = 1) ldaunisfa

P = 1.8861p2 — 6.82988, + 6.255 @1)

o = O R
i Ao yunmeeanvadluis (Radians)
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1.8
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14

1.2
1

0.8

Power (W), (10-14)

0.6

0.4
0.87 0.92 0.97 1.02 1.07 1.12 1.17 1.22 1.27

yu (Radians)
d (v o L3 1 @ or ar cl o
Jun 4.1 mmauwuﬁizmwmaqnuqnwmqaanmaﬂuwm
4.2.2 aanysyvysssaluisuaza1uldevesluin

mmé‘fuﬁ’uéiswhqﬁ']é’aﬁ’ufﬂ“ﬂmu'l,uﬁ'ﬂLLasmmiﬁwaﬁuﬁmuamlﬁmnn31?\13'0?1
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4 « -] ar
Wwa P Ad NG (W)
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o &

- v & X o w - Trr o
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