31 9

Vol.31 No.9

2016 9 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Sep. 2016

e,
{ }

| S S S S S

Spalart — Allmaras( S — A)

NACAO0018 0°.5°.10°

15°

: TK12 CA

DOI: 10. 16146/j. cnki. rndlge. 2016. 09. 008

', NASA Lewis

. 1979
DOE/NASA
.
4
o Adernsen P B
5 MW
’ 3
40% ;
Gurney
o 2%
39% ;
12015 -11 -10; 12016 -01 - 11

(150502) ;

(1993 -)

S809

1001 -2060( 2016) 09 — 0045 - 07

200093)
S
’ 0.4.0.3 0.2
0.3% 1.0%
NACAO0018
1
NACAO0O018 1
o c l
w d 0
(°) o d/c 10%0~ 15%o
20%o; 0 0°.5°.10° 15°
1-!!Eiz/
d
/ - w
1
Fig. 1 Computation model
2 AGE.
AB ED BD AF  EF

(13DZ2260900)



o 46+ 2016
11
R, =10 ¢ Xfoil CFD
R =1.2¢ AB=ED = 4 . 4
20 co : p=1.225 kg/m’ Xfoil ~ CFD
w=1.789 4 x10 7 kg/m * s v, = Xfoil ~ CFD
10 m/s Ma =0.03 Re =6.85 x 10°
( ). CFD .
1.4 0.25
FHIRHLC,
ey KL R BC, . Jo2o
gl.O— - SEIBE
° W 0.8 - " SRR > Ho0.15
Ros e &
48 3. bl CXRiARE ;100
Mo ~Xfoil FFEHH,” ] o
0.2 - it ’
e e e |
000 =224 6 8 10 12 14 16 1%

Fig. 3 Mesh division around the airfoil

S-A

Xfoil

AOA/ (°)

4

Fig. 4 Verification of the computation model

2
2.1
5 d/c 10%0-15%0
20%o 0°.5°.10° 15° .
. C, C,
a 0010.0015 0020 d/ec =
10%0.15%0  20%o.
5
5( a) 0°.5°.10° 15°
14°
d/c =10%o
. 5(b)
d/c = 15%o
: 5(a) 6=0° 14°
C 16° ;0 =5°
16° C,
6 =10° 9 =15° 16°
o o 5(c)
d/c=20% @ =0° 14° ¢,



9 . 47 .
;0 =5°.60 =10° .0 =0°
6 =15° 18° 8° 0 =5°.6
o 10° 6 =15°
; 12°.14° 16°,
THIRBC, o 0010-0 —=0010-5
FAR¥C, =-+-0010-0 ===0010-5
1.20 - ——0010-10 ——0010-15 _
1.00L =+-0010-10 -=-0010-15 0.12 d/c=10%¢ d/c=15%c 0 =5°
_ 0. Ho.10
o
B a0 0.08 . .
W& 0. 0 =10° 6 =15 ;
KR 0.20 40.065°
§ 0.00 d/c=20% 6 =10°
~0.20 -0.04
" _0.40 e . =5° o
-0.60 F T
_0.08 1 1 1 1 1 1 1 1 1
o 2 4 6 8 10 12 14 16 18 20" 48,00 F
Bfial(°) )
(a) d/e=10%o0 28.00
FOFRHC 0010-0 === 0010-5 2 L
MJIRMC  -a-0010-0 -»-0010-5 = 1500 N
== o
120 - =w=0010-10 —=0010-15 - 0.12 = 8.00F il
100L =*-0010-10 -=-0010-15 : === (0015-0
~ | -2.00 == 0015-5
£ 0 =Hich
¥ .40 40.08 -12.00 SRS S it A S
& 0 2 4 6 8 10 12 14 16 18 20
& 020 10.065 al(°)
0.00
%_0_20 i T Loos (a) d/e=10 %o
2040 [ manzgzi T T e et
—0.60 bezne-—mandSr i aEe” - 002 38.00
_0-08 1 1 1 1 1 1 1 1 1 0-00
0 2 4 6 8 10 12 14 16 18 20 28.00
Efial(°)
(b) dlc=15%0 3 18.00
pEmy
FARBC, 00100 == 0010-5 ;% 8.00
Lo HARHC, -+-0010-0  -#-0010-5 == 0015-0
A0 e 0010-10 =—0010-15 10.12 -2.00 f = 0015-5
= §isls
U—‘ 0.80 10.10 -12.00 L | 1 1 1 -!-l | | |
& 0.60 oiow 2 4 6 8 10 12 14 16 18 20
W 0.40 : al (°)
é 0.20¢ 10.06 5 () dle=15%o
0.00
@%{ -0.20 H0.04 38.00
-0.40 i
-0.60 1™ 28.00
_0-08 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 2000 ¥ 18.00
B el (°) =
(©) dlc=20%o w 800
== 0015-0
-2.00 § - 0015-5
5 - 0015-10
12.00 — 0015-15
Fig.5 Lift drag coefficient curves of the airfoil 0 2 4 6 8 10 12 14 16 18 20
. . al (°)
at various swaying angles
(¢) dlc=20%0
6 0°.5°.10° 15°
6
Fig. 6 Lift drag ratio curves of the airfoil
K=C,/C,.
’ 2.2



e 48 o 2016

1~ 3 a =12°  a = d/c =10%0-15%0  20%o
14° o =16° 0°.5°.10° 15° o

1 «a=12°

Tab. 1 Contours of the distribution of the pressure around the airfoil when o =12°and streamline diagram
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ing process of a water solution and pure water inside a vertical rectangular microchannel. Through comparison of the
difference between the saturated flow and boiling heat exchange effectiveness and reliability of the water solution and
pure water the influence of the concentration on the heat exchange of the water solution was analyzed. It has been
found that under the operating condition when T, =368 K »=0.5 m/s and ¢, =200 kW /m’ the average value of
the Nu number of the wall surface heated by the surfactant water solution along the flow direction in the saturated
boiling stage will be higher than that of pure water. When t =60 ms in the zone closing to the outlet of the flow pas—
sage both wall surfaces heated by the water solution and pure water will be locally overheated but the highest over—
heated temperature corresponding to the water solution will be higher than that corresponding to pure water and the
overheated surface areas will be relatively small. In a range from 0.256 mol/L to 0. 769 mol/L to increase the con—
centration of the water solution will enhance the saturated flow and boiling heat exchange effectiveness and the heat

exchange of water solution at a concentration of 0. 513 mol/L will be reliable. Key words: microchannel surfactant

water solution flow boiling saturated boiling numerical simulation

= Experimental Study of the Bio-foul Characteristics of
Bateria Formed in Viscous Liquids Inside a Tubular Type Heat Exchanger /XU Zhi-ming WANG
Yu-hang SHEN Yi-wen WANG Jing—ao ( College of Energy Source and Power Engineering Northeast University of
Electric Power Jilin China Post Code: 132012) //Journal of Engineering for Thermal Energy & Power. —2016 31
(9). -39 ~44

To exploratorily investigate the foul characteristics of bacteria formed in viscous liquids inside a tubular type heat
exchanger with the bacteria formed in viscous liquids obtained from the slime at the bottom of the circulating cool—
ing towers in a power plant after the separation and purification serving as the object of study a foul dynamic simu—
lation and test system was utilized and a contrast test research method was adopted to obtain the foul characteristics
of bacteria formed in viscous liquids in a stainless steel bare tube heat exchanger under the condition of various inlet
temperatures flow speeds and volumetric concentrations. It has been found that there exists an induction period in
the fouling process of bacteria formed in viscous liquids. With an increase of the temperature at the inlet the induc—
tion period will become shortened and the time duration required by the foul thermal resistance to attain its asymp—
totic value reduced. In the range of the temperature tested when the temperature at the inlet is 30 C  the asymptotic
value of the foul thermal resistance will be maximum followed by the asymptotic value at 35 °C and minmum at 25
°C. With an increase of the flow speed the time duration required by the foul thermal resistance to attain its asymp—
totic value will become shortened and the asymptotic value of the foul thermal resistance will decrease. With an in—
crease of the volumetric concentration the induction period will become prolonged the fouling speed rate will in—
crease and the asymptotic value of the foul thermal resistance will become big. Key words: tubular type heat ex—

changer foul characteristics bacteria formed in viscous liquids bioHilm enzyme

= Influence of the Swaying Angle of the Flap of a Blade on the
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Aerodynamic Performance of a Dual-section Type Airfoil /QI Liangkui LIU Jian-hua ZHANG Liang
LIAO Yu-kai ( College of Energy Source and Power Engineering Shanghai University of Science and Technology
Shanghai China Post Code: 200093) LIU Jian-hua ( Shanghai City Key Laboratory on Multi-phase Flow and Heat
Transfer in Power Engineering Shanghai China Post Code: 200093) //Journal of Engineering for Thermal Energy
& Power. —2016 31(9). -45 ~51

With the Spalart-Allmaras( S-A) turbulent flow model serving as the calculation model a numerical simulation of the
fluid flow conditions of the NACAQO18 airfoil was performed under the condition of the swaying angle of the flap be—
ing 0 degree 5 degrees 10 degrees and 15 degrees respectively. In this connection the lifting drag performance
curves of the airfoil provided with a flap contours of the distribution of the pressure on the surface of the airfoil and
the flow field streamline chart at various attack angles were also analyzed and the influence of the swaying angle on
the aerodynamic performance of the airfoil provided with a flap was studied. It has been found that at a same attack
angle the lifting force coefficient of the airfoil will decrease with an increase of the swaying angle of the flap. To in—
crease the swaying angle of the flap can increase the attack angle of the airfoil when it goes into a stall improve the
flow conditions of the fluid around the airfoil enhance the flow stability of the fluid around the airfoil especially a—
round the flap and contain the formation of the flow-separation-caused vortexes. Key words: flap swaying angle

stall vortex

= Analysis of the Modal of a Blade in a Wind Turbine Based on
the Aeroelastic Tailoring /CHEN Wen—-pu LI Chun YE Zhou MIAO Wei-pao ( College of Energy Source
and Power Engineering Shanghai University of Science and Technology Shanghai China Post Code: 200093) LI
Chun YE Zhou ( Shanghai City Key Laboratory on Multiphase Flow and Heat Transfer in Power Engineering
Shanghai China Post Code: 200093) //Journal of Engineering for Thermal Energy & Power. —2016 31(9) . —-52
~57

To study the influence of the lamination parameters of a blade on its dynamic characteristics prevent the blade from
any resonance and improve the characteristics of the blade in mechanics established was a finite element model for
blades in a 1.5 MW wind turbine. Through changing the angle and the fiber proportion of the lamination layer the
authors implemented a variety of the lamination layers of the blade in various ply plate structure and conducted an
analysis of the modal of various lamination structures of the blade above mentioned obtained the first six order in—
trinsic frequencies and vibration patterns of various models and analyzed the cuases of the lamination parameters in—
fluencing the dynamic characteristics of the blade. It has been found that the composite materials have their signifi—
cant anisotropy and to change the angle of the lamination layer can influence the magnitude of the intrinsic frequen—
cy. The flapwise and edgewise vibration will dominate the low order vibration patterns of the blade and to increase
the proportion of the lamination layers at an angle of O degree can enhance the low order intrinsic frequency and the
torsional vibration will occur in the high order modal. The lamination layer at an angle of 45 degrees can enhance

the torsion-resistant capacity of the blade and contribute to enhancing the high order intrinsic frequency. Key



