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STUDY ON EQUIVALENT STATIC WIN D LOADS OF 

LARGE -SPAN SPATIAL STRUCTURES AND WIND 

PRESSURE DISTRIBUTION OF COMPLEX SHAPE 

SPATIAL STRUCTURES 

 
ABSTRACT 

  
Large-span spatial structures are highly favored for their beautiful exterior and broad internal 

space. They are widely used in airport terminals, galleries, stadiums, industrial plants and other 

large buildings. However, this kind of structures tends to be light in weight, large in span, great in 

flexibility, and low in natural frequency, which makes them sensitive to wind loads and wind loads 

sometimes become their control loads. Wind load is a typical random dynamic load and structural 

dynamic response calculation under wind loads involves analysis of wind load characteristics, 

structural dynamics and the coupling interaction of wind and structures. In order to simplify the 

structural wind-resistant design methodology, engineers and designers urgently need to use the 

method of equivalent static wind load (ESWL) to carry out the engineering design and calculation. 

In this paper, the study is mainly divided into three parts. Firstly, aiming at the urgent 

wind-resistant design problems of large-span structures, this paper carries out numerical 

simulation of wind pressure distribution and wind field environment of T2 terminal of Nanjing 

Lukou international airport and T2 terminal of Wenzhou Longwan international airport by 

FLUENT software. Through simulation, averaged wind pressure coefficients are calculated and 

the law of wind pressure distribution and streamlines of wind field environment are revealed. 

Besides, the numerical simulation results are compared with the wind tunnel test data to verify the 

credibility of the simulation results. Secondly, wind velocity time history is simulated based on 

harmonic superposition method by MATLAB software. The calculation shows that the simulated 

fluctuating wind reflects the spatial and temporal correlation of real fluctuating winds. Whatôs 

more, the wind power spectrum, averaged wind profile and turbulence intensity of simulated wind 

are well fitting the theoretical values. Thirdly, multi-objective ESWL method is proposed based on 

structural response time history which is important and core content in the paper. According to the 

proposed weighted coefficient of multi-objective ESWL, multiple single objective EWSL based 

on structural response time history are combined to obtain multi-objective EWSL. After that, the 

paper takes open large-span arched roof for instance to make analysis. The study shows that the 

nodal displacements of structural system under multi-objective ESWLs given by the proposed 

method are in good agreement with extreme values of structural responses in dynamic time history 

analysis. Whatôs more, compared to traditional gust loading factor, the structural response results 

based on the proposed method have smaller discreteness and are closer to the real responses of the 

structure. 

 

Keywords: long-span spatial structures, numerical simulation, distribution of wind pressure, 

wind velocity time history, multi-objective ESWL
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1.1 ғᶳ   

ׂ ᴪֲ̆ ױ ⱳ Ҍ ̆

Ҍ Ҍ ̆ ȁ ȁ ל Ȃ

̆ ῤ + ̆ ̆ғҌ ⇔
[1 - 4]
̆ῒ

ȁ ȁᵣ ץ ҙ ̆ T3 ȁ

Ҭ ȁ Ҭ ȁ ץ ҉ ҕ Ҭ ̂ 1- 1 Ȃ̃ ֓

ל ΐ ҹ ̆ ᵬҹῒ

ҹ ѿҩ ӊѿȂ 

  

    (a)  T3                (b) Ҭ

  

(c)  Ҭ                        (d)  
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ṿ ץ CFD ҹ ̆ ᵞ ̆ ̆ ’ ̆ғҌ

Ȃ ̆ ṿ ⌠ ṿ ̆

Ȃ ӽ̆ [12] ԍ FLUENT ᴆ ̆≠ Realizable k-Ů
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׆ ̆ ṿ ԍ ῒ̆ Һ
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Weighted Ampliutde Wave Supeosition̂WAWS̃ Constant Ampliutde Wave Superposition

̂CAWS̃ Ȃ҉ҕ 50 ̆ף ⱴ ̕ ⌠ԅ҉ҕ 70 ף

∆ S̆hinozuka Jan ₮ ѿ ҹ ץ WAWS ȁCAWS

̕⌠ԅ 80 ף ̆Iannuzzi Spinelli
[18]

WAWS
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ԑ  Ґ      

ẅ  

2. 1  

2.1.1 ᵣꜚⱬ ̂CFD̃  

ᵣꜚⱬ Ṣꜛ ṿ ‗ ᵣⱬ ѿҩ№ ̆ ӈ̆

ṿ ᵌ Ȃῒ ῤ ṿ ⱳ

Ἕ ⱳ ᵣⱬ ῏ Ạ ῃ № Ȃῒ ץ

ҹ ̆ ̆ ѿ ̆ ԍ ֓ ↕ ῏

ԍ ҩ ṿӊ ῏ ף ̆ ≠ ף֓ ̆

׆ Ҭ ҩ ᵌ Ȃ 

2.1.1.1 ᵣⱬ └  

҈ ȁꜚ ῍ ԅ ᵣⱬ └ ̆

ֽ↓₮҈ └ ѿ Ȃ ҹ̔ 

π                 ̂2- 1̃ 

xȁyȁz҈ҩ ҉ ꜚ ̔ 
            

̂2- 2̃ 

               ̂2- 3̃ 

            ̂2- 4̃ 

Ҭ̆p ᵣ ᾝᵣ҉ ⱬṿ̕ŰxxȁŰxyȁŰxz ⱬŰ № ̕ὊȁὊץ

Ὂ№≢ ᵣ ᾝᵣ҉ ᵣⱬȂ 

ҹץ Tҹ ̔ 

                ̂2- 5̃ 

Ҭ̆cp ̆k ᵣ ᴰ ̆ST ᵣ№ ᵬ

ῤ Ȃ 

2.1. 1. 2 - ᾥ   

NS ῃ ҹ Navier-Stokes Equations̆ ҹԅ ᾥꞋ -

¥ ӓ ¥ⱴ ¥ ᾥ ̆ - ᾥ ѿ

ץ ꜚ ᵣ ̆ᶛ ᵣ ᵣȂNS ᵬ ᵣῤ

ⱬ ȁ ⱬ ⱬҍ ᵣ ᾝꜚ ӊ ῏ ῒ̆Ҭ№ ⱬ

ԍ№ ӊ ԑᵬ ֟ Ȃԍ ̆NS ԅᵬ ԍ ᵣ ῤ ᾝᵣ

ⱬ ꜚ ῏ Ȃ ᵣҌ N-S  ҹ̔ 
                  

 ̂2- 6̃ 

( )
( )div

yxxx zx
x

u p
u F

t x x y z

tr t t
r

µµ µ µµ
+ =- + + + +

µ µ µ µ µ
u

( )
( )div

xy yy zy

y

v p
v F

t y x y z

t t tr
r

µ µ µµ µ
+ =- + + + +

µ µ µ µ µ
u

( )
( )div

yzxz zz
z

w p
w F

t z x y z

tr t t
r

µµ µ µµ
+ =- + + + +

µ µ µ µ µ
u

( )
( )div div grad T

p

T k
T T S

t c

r
r

å õµ
+ = +æ öæ öµ ç ÷

u

2 2 2

2 2 2

1du p u u u
X

dt x x y z
n

r

å õµ µ µ µ
= - + + +æ ö

µ µ µ µç ÷
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                   ̂2- 7̃ 

                   ̂2- 8̃ 

2.1. 1. 3 CFD  

ꜛṢץ ҙ ᴆ └ CFD ׆̆ ᴋ

Ⱶ̆ң 2-1 Ȃ 

 

2-1  CFD  

ᵣꜚⱬ ∆ ̆ ᵣꜚⱬ ̆

ԍ ᵣꜚⱬ № ̆ ғ ᴆү ̆ ױ

Ώ ԑҌῚ ̆ ץ Ȃ CFD № ̆

ץ └ ѿ ҙ ᴆ׆ ҩֲ ⱬꞋꜚ F̆LUENTȁCFXȁ

STAR-CD ҹῖ ҙ ᴆ ף Ȃ FLUENT ҙ ᴆ̆

ᴆ ԅ ץ ⱴ ̆ ץ ᴋᵥ׆Ҍ ⌠

ῤ ᵣ ꜚ̆ FLUENT ץ ӊ

ȂFLUENT ῤ ԅ №ү ԍ ȁ ץ

̆ CFD № Ȃ 

2.1.2 ҈ ῒ  

ѿ ̆ Ҭ ꜚ Ҭ ⌠ ̆ № ꜚ ꜚ̆

Ҭ ᵣꜚⱬ ҉ ԍ ꜚ ̆ ̆ ᵣⱬ ѿױ

Ȃ 

2.1.2.1  

ѿ ̆NS ῒ ꜚ Ҍ

2 2 2

2 2 2

1dv p v v v
Y

dt y x y z
n

r

å õµ µ µ µ
= - + + +æ ö

µ µ µ µç ÷

2 2 2

2 2 2

1dw p w w w
Z

dt z x y z
n

r

å õµ µ µ µ
= - + + +æ ö

µ µ µ µç ÷

http://baike.baidu.com/view/37.htm
http://baike.baidu.com/view/10755.htm
http://baike.baidu.com/view/2937965.htm
http://baike.baidu.com/view/10755.htm
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Ȃ Ҍ ᵣ └ ץ ҹ̔  

                               ̂2- 9̃ 

               ̂2- 10̃  

               ̂2- 11̃  

               ̂2- 12̃  

Ҭ uȁvȁw u xȁyȁz № Ȃ 

2. 1.2.2 ṿ  

̂1̃ ṿ ̂DNS̃  

ṿ ̂Direct Numerical Simulation̆ DNS̃ Ҭ ꜚ
NS ̂ 2-10~ 2-12̃ ȂDNS ꜚ

NS ̆ ῤҌ ῀ᴋᵥ Ȃ ᴨל ԍ

ꜚ ⌠ ῒ̆ Ӟ ҹ̆ԅ№ ꜚҬ ▲

̆ ̆ DNS ֽֽ̆ ᵞ

Ҭ ꜚ ̆Ҍ № ꜚȂ ̆ ꜚ

DNS ṿ ῤ ̆ ᴆ ̆ ╠ DNS

‗ Ҭ ᵣ ꜚ ̆ ԍ ѿ Ȃ 

̂2̃ ̂LES̃  

̂Large Eddy Simulation̆ LES̃ ꜚ NS ̆

῀ ԍ ̆ NS Ҭ ̆ῒҬ

Ҍ ̆╠ ԍ ̆ ҹῃ ꜚ ѿ֓ ׆̆

҉ ̆ῒ ׅ ѿ ̆ ̆ ᴆ ֽ̆

ԍ ◄℗ ꜚȂLES ץ ҹ̔ ΐ

̆ ꜚҍ Һ ̆ ғ Ȃ Һ

ᵬ ῒ̆ ӊ ԑᵬ ᴰ ⌠ ̆ ≢ԍ

̆ Ȃ ֽֽ̆ Ҭ ̆ ױ

ҹ֒ Reynolds ⱬ Ȃῒ ᵌ ѿ

ҩ ꜚ Ȃ ԍ ṿ

ᵞԅ ᴆ ̆ Ӟ
[38]
Ȃ 

̂3̃ ̂RANS̃  

ҹ ꜚ ̆ ╠ ̆ ῀

̂Reynolds-Average Navier Stokes̆RANS̃ ̆ᴋѿ ɮ ӈҹ̔  

                        ̂2- 13̃  

̆ ṿ ꜚṿ ꜚ ̆ ̔ 

                           ̂2- 14̃  

Ҭ̆ɮ ṿ̆ɮᴂ ꜚṿȂ ̂2-14̃ ῀ף ̂2-13̃ ̔ 

                      ̂2- 15̃  

      ̂2- 16̃  

div 0u=

( ) ( )
1

div div grad
u p

u u
t x

n
r

µ µ
+ =- +

µ µ
u

( ) ( )
1

div div grad
v p

v v
t y

n
r

µ µ
+ =- +

µ µ
u

( ) ( )
1

div div grad
w p

w w
t z

n
r

µ µ
+ =- +

µ µ
u

()
1

t t

t

t dt
t

f f
+D

=
Dñ

'f f f= +

( ) ( )=0, 1,2,3i

i

u i
t x

r
r

µ µ
+ =

µ µ

( ) ( ) ( )' ' , 1,2,3i
i i j i j i

j i j j

u
u u u u u S i

t x x x x

r r
r r m r

å õµµ µ µ µ
+ =- + - + =æ öæ öµ µ µ µ µç ÷
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           ( 2- 17)  

ץ ₮̆Reynolds ԍ NS ₮ԅѿ ̆ ҹ

̂Reynolds̃ ⱬ ̆ ̔ 

                            ( 2- 18)  

Ҭ 6ҩҌ ̂Reynolds̃ ⱬ ̆ᵖ ̂2- 15̃ ȁ̂ 2- 16̃ ȁ̂ 2- 17̃

⌠ ֽ 5ҩ̆ ץ ῀ң ̆ ῏ԍ ꜚ k

Ůңҩ ̆ ‰ k-Ů ῒ ᵣȂ RANS

Realizable k-ŮȁRNG k-ŮȁStandard k-Ůץ SST k-ɤ Ȃ 

2. 2 ẅ  

ȇ Ȉ
 [8]
ץ̆ ₱ ῤ ╩ ̆ ̔ 

Ὗ Ὗ                              ( 2- 19)  

Ҭ Ὗ̆ Z Ὗ̕  ̕ὤ Ҍ ‌̕

Ҍ Ȃ 

2. 2.1  

Ҭ ҹ̔ ⱬҹ ̆ ⱬҹ Ȃ ὅ ȟ ᵣ

i ⌠ ⱬ Ȃ 

ὅ ȟ                            ( 2- 20)  

Ҭ̆ὖ i ⌠ ⱬ̆ὖ ὖ Ҭ Ȃҹ Ḃ

̆ ץ ᵬҹ ̆ ὅ ȟ ҹ ⱬ ὅ  

 ὅ ὅ ȟ                         ( 2- 21)  

̆ὤ i Ȃ 

2.2.2  ῏ԍ ṿ  

Һ Ȃ ṿ ̆ ҹ№ץ

̆ ̂ ̃╩ ᵬҹ ῀ ̆ ⌠

̕ Ҭ̆ ⌠ ṿ ץ ⌠

Ȃң Ҍ ̆ᵖ ṿ ̆ ₃Ӎ ץ
[14]
Ȃ ԍ

ṿ ҉ ̆ ץ ⌠

Ȃ 

2. 2. 3 ṿ ῀ ╩ ᴆ  

῀ ῀ ᴆ̆ Z ̂x ̃ ҹ̔  

ὠᾀ ὠ                             ( 2- 22)  

Ҭ̆ ὠ ‰ ὤ ̕yȁz ҹ Ȃ 

ץ̆ ꜚ kȁ ʀ ңҩ ̔  

Ë ὠᾀϽὍ                            ( 2- 23)  

ʀ πȢπωϽὯ                            ( 2- 24)  

Ҭ̆Ὅҹ ̆ὰҹ № Ȃ 

ԍ Ҭ ₮Ὅ ὰ ῏ ӈ̆ ץ Ṣ Ҭ ױ ӈ̆

ῒҬ ӈ 2- 1 Ȃ 

( )
( ) ( )' ' , 1,2,3j i

j j j

u u S i
t x x x

rf f
r f r f

å õµ µ µ µ
+ = G - + =æ öæ öµ µ µ µç ÷

' '

i ju ur-

' '

ij i juut r=-

ijt
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2- 1 Ҭ ӈ 

z 
≢ 

Ň ň ŉ Ŋ ŋ 

Ú ᾀ 0.18 0.23 0.31 0.36 0.40 

ᾀ Ú ᾀ    πȢρ Ȣ    

ᾀ   5 5  5  10  20  

 ᾀȁᾀҹ ‰ Ȃ 

Ҭ̆ № ⅞№ҹң ̆ ӈ Ҋ̔ 

ὰ
ρππ                                         ᾀ σπ

ρππ̂ ̃
Ȣ
       σπ ᾀ ᾀ

                  ( 2- 25)  

Ҭ̔zҹ ѿ Ȃ 

Ὲ҉ץ Fluent Ҭ C └ ῀ Ȃ 

2. 3 ֪ T2 ẅ ғⅎ  

2. 3.1  

 

2- 2 ֤ T2  

֤ T2 ̆ᵝԍ ֤ ̆ ѿҩ

̆ ץ ₀ ҹҺ ᵣ ȂҺ ҹ ᴟ

ң̕ᶷ ҹ ̆

Ȃ ᶏ ҹ 50 ̆ ῃ Ҋ̔ ₀ ҹԋ ̆

ҹѿ Ȃ ≢ҹ ̆ ҹ 7 Ȃ

2- 2 Ȃ 

 23҆ m
2
Һ̆ᵣ Ҭ Һ ң ѿ

̆ 1200m̆ Һ ҹ 170m̆ ҹ 40mȂ9m

2- 3 Ȃ 
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2- 3 9m  

↨ ̆ Ȃ ̆ Ӟᴪ

֟ ̆ Ȃ

ṿ № ̆ ₮ ҹ Ȃ 

2. 3.2  

֤ T2 ABS └ ↨ᵣ

̂ 2-4̃̆ Ḡץ ҊҌ₮ ꜚ Ȃ

ᵣ ’̆ Ҭ 1/200 Ȃҹ Ҍ Ҋ

̆ Ҭ ̆ Ҍ Ȃ 

 

2- 4  

֤ T2 Һ ̆

1300ҩ̆ῒ 2- 5 Ȃ ԍ ңᶷ ̆ғῒ ῃѿ

̆Ҭ № ѿ ̆ ҹԅ⁞ ̆ Ḃ ̆ ῒ

ѿ ̆ ңᶷ 0.8mȂ 

 

2- 5  



 

                             ᵩ ⅎ  

12  ῍ 68  

 

ҹԅ Ḃ ̆ ᾢ №ҹ₃ҩ № ̆

ᵣ №ᶭ №ҹѿ№ ȁԋ№ ȁŀŀӜ№ ̕ ╠ᶷ ңᶷ

№ ҉ ᶭ ҹ № ȁ ѿ№ ȁ ԋ№ Ҋ̆ ᶭ ҹ ҈№ ȁ № ȁ

ԓ№ ῒ̆Ҭңᶷ № ԍ Ҍ № ⌠╠ᶷ № ̕ ᵣ

ңᶷ ӈҹ Έ№ ȁԋ № ̆ ᵣ ╠ᶷ №≢ ӈҹ ҂№ ȁ

ῇ№ ȁ Ӝ№ ̆ ᵣ ᶷ № ӈҹԋ ѿ№ ȁԋ ԋ№ ȁԋ

҈№ ̕ ңᶷ №≢ ӈҹԋ № ȁԋ ԓ№ Ȃ ᵣ№ 2- 6

̆ῒҬ Ҭ ↓ №ᵝԍ Ȃ 

 

2- 6 №  

╠ ӈҹ 0£ ̆ 15£ ⱴ̆

30£ ̆ ᵝ ӈ 2- 7Ȃ 

 

2- 7  

 

0.4m ̆ ԍ 80m̆ ҹ 13.5m/sȂ

’ B ץ ╩ ̆ Ȃ ֤

.0 =‫ 40kPâ 50 ȁB 10 ȁ10№ ̃Ȃ 

2. 3.3  ṿ  

2. 3.3.1  ⅞№ 

Rhino- 3D ᴆ 2- 8 ̆ ԅ ̆ ̆

ױ ף ҹ 1ȁ 2Ȃ 
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2- 8 ₃ᵥ  

ᵣꜚⱬ ᴆ Fluent ṿ Ȃ 15L x 10L x 8H ̆ῒ

Ҭ Lҹ ȁHҹ ̆ ᵝԍ ╠ 1/3 ̆

ԍ 3% Ȃ ԍ ᵣ ̆ ⅞№̆ № ̆

⅞№ ̆ ⅞№ ̆

Ȃ ֤ ῍ 2400ᵩ҆ҩ ᾝ ̆ ⅞№ 2- 9Ȃ 

 

2- 9 ⅞№ 

2. 3.3.2  ᴆ  

῀ ᴆ̔ ῀ ᴆ̆ ҹ B ̂ɻ=0.16̃ ̆

0.40kN/m
2̆ 50 Ȃ x ╩ 2.2 Ҭ ӈ ╩ ₱ Ȃ 

ὠҹ ‰ ̂ ὤ ρπά̃ Ȃ 

ὠ
ς‫

”

ς πȢτ ρπ

ρȢςυ
ςυȢσάȾί 

₮ ᴆ ῃ ₮ ᴆ̕ ṿ ңᶷ

ᴆ̕ ᴆȂ 

ᵣ Ҍ Ȃ Ҭ 3D №̆ ̆

ԋ ̆ - ⱬ SIMPLEC Ȃ 

2. 3. 4 ῒ -- ҍ ṿ  

Һ ṿ ץ̆ ṿ Ḥ Һ̆

ᵬҹ Ȃ ⌠ ץ ⌠

̆ Ҭ̆ ҩ ѿ ῤ ṿ̕

ṿ Ҭ̆ ╩ ᵬҹ῀ ̆ ⌠ Ȃ 

Ҭ̆ ṿ ̆ ̆ ғ ҩ

Ȃҹԅ ̆ ⁞
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№̆ ̆

ṿȂ ⅞№ 2- 10 Ȃ 

 

2- 10 №  

№ № ӊ ̆ ԅ ҩ Ҋ ṿ

Ҍ̆ Ҋ ṿ № Ȃ ֓ῖ

ҹ 10ȁ35ȁ41ȁ53ȁ67ȁ79ȁ84ȁ95ȁ98ȁ105ȁ108̆ ῒҬ 10ȁ35ȁ41ȁ53

҉ 6̆7ȁ79 Һ ңᶷ 8̆4 Һ ᶷ 9̆5ȁ98ȁ105ȁ

108 ңᶷ ᶷ ȂҊ ֓ ṿ

̆ 2- 11 Ȃ 

ץ ̆ Ҍ Ҋ̆ ṿ №

₃Ӎל ̆ң Ҋ₃ץ ̔̂1̃

1/200 ̆ ṿ ̆

̂̕2̃ ңᶷ ̆ ᴪ₮ ̆ ̆

ṿ ṿ ңᶷ 4L̂ Lҹ ̃̆ ̆₃Ӎ ץ

Ȃ 

0 Ҋ̆ 10ȁ35ȁ84 ṿ ̆ 84

0 Ҋ Ҭ ̆ 10ȁ35↕ ̆

№ ҈ҩ ̆ ₮ ԅ Ῥ ̆ Ӱ Ҍ ̆ ңץ

Ȃ41ȁ53ȁ67ȁ79 ҩ ԍ Һ ңᶷ

ȁ95ȁ98ȁ105ȁ108 ҩ ԍ 0̆ Ҋ ֓

№ ҹ ̆ң ѿ ̆ᵖ ӞҌ 0.2Ȃ 

90 Ҋ̆ 95ȁ98 ṿ ̆ 95ȁ

98 ԍ ̆ ̕ 41 ң ⌠ ̆

⌠ 0.25̆ 41 Һ ᶷ ̆ ̆ № ҉

ꜚ̆ №↕ Ҋ ꜚ֟ Ȃ 

ῒᵩ Ҋ № ᵌ̆ҌẠ Ȃ 

ṿ № Ҍ̔ Ҋῖ

₃Ӎל ̆ ṿ ̆ ṿ ‰ ԅ ’̆ ṿ ᵬץ

ҹ ⱬ ΐȂ 
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̂c̃60                         ̂d̃90  

 

             ̂ ẽ 120                       ̂f̃150  

 

 ̂g̃180                       ̂h̃210  

 

̂ĩ240                         ̂ j̃270  

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8№
 

ῖ  

 

ṿ  

60 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

90 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

120 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

150 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

180 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

210 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

240 

-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

1
0

3
5

4
1

5
3

6
7

7
9

8
4

9
5

9
8

1
0

5

1
0

8

№
 

ῖ  

 

ṿ  

270 



 

                             ᵩ ⅎ  

16  ῍ 68  

 

 

̂k̃300                       ̂ l̃330  

2- 11 ṿ Ҭῖ №  

2. 3. 5 ṿ Ԑ  

Һ ṿ Ԑ ṿ Ȃ Tecplot ᴆҬ ῀

Fluent ᴆ ⌠ ̆ ῒ ץ ⌠

̂ ̃̆ Ἕ ⌠ ṿ Ԑ Ȃ

ԍ ᵣ ҹ ̆ ֽץ 0з Ҋ ₮ԅ

╠ ңҩ ṿ Ԑ Ȃῒᵩ Ҋֽ ₮

ṿ Ԑ Ȃ 

0º Ҋ̆ Ҭ ̆ᵖ ῒ╠ Ҍ № ̆ ץ

ң ѿ ≢̆ ҉ ҹ ̂ ⱬ̃̆

Һ ңᶷ ╠ ⱬ ̆ ṿ ҹ-1.8Ȃ ̆

╠ ҹ ̆ ̆ ҹ Ȃp Һ №╠

̆ ╠ ̆ Һץ ╠ ̆

0.2-0.4ӊ ̆ ╠ 0.8Ȃ №

ҹ Ȃ 

90º Ҋ̆ ᵣ ҹ ⱬ̆ ׆ ҉ ̆

̆ ᴪ ᴟ ̆

ṿ ̆ Ҭ ▲ ̆ № Ȃ 

180º Ҋ̆ ԍ ̆Һ ⱬȂ

⌠ ҉̆ ҩ ҉ № ₃Ӎ Ȃ ᶷ ̆

ԍ № ṿ ̆ ̆

⌠-1.8̆ ṿ ⁞ Ȃ 

ῒᵩ Ҋ № № ᵌ̆ ҌῬ Ȃ 
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̂b̃30  

 

 

̂c̃60  

 

 

̂d̃90  

 

 

̂ẽ 120  
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̂f̃150  

 

 

̂g̃180  

 

 

̂h̃210  

 

 

̂ĩ240  
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̂j̃270  

 

 

̂k̃300  

 

 

̂l̃330  

2- 12 ҉ ṿ Ԑ  

2. 3. 6  

Ҍ Ҋ̆ Ҭ 10 m ̂Z=10m̃ № 2- 13Ȃֽ 0

90 Ҋ ₮ԅ ▲ Ȃ 

2- 13(a) ̔0з Ҋ̆ 1ȁ2ӊ ̆ № 2

ῤ₭ᶷ ῒ̆ ꜚ ңᶷ׆̕ ῀ 1 ӊ ң

̆ ңҩ ̆ ֜ ѿҩ ̆ 2- 12(a) ̆

╠ ⌠ңҩ ῒ ⱴ ⱬ̆ (

0.2- 0.4) ԍңᶷ ( 0- 0.2) ̕ 2

ӊ ̆ 2ңᶷ№ Ῥ ̆ ѿ ѿ ңҩ ̆ ῒ ᶷ

⌠ Ҍ ̆ ׆ 0⌠ 1 ▲ ̕ ̆ ԍ

̆ ̆ ץ № ̆ Ȃ 

90з Ҋ̆ № ׆ ׆̕ 1 ѿᶷ
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1ӊ ̆ № ̆ ԅ׆ 1 ӊ ᶏ̆ №

⌠ 1 ӊ ѿҩ ̕ № 1 ̆

2ӊ ₮ ̆ ң ӊ ⱬ ̆ ῒ

ᶷ ̕ № ҍ׆ ̆

Ȃ ̆ 2 ԅ ΐ ѿ

̆ Ȃ 

180з Ҋ̆ ҹ ̆ ׆ ҉

Һ ңҩ ̕ 1ӊ Ӱ̕

1 2ӊ ̆ 2 Ȃ 

ῒᵩ Ҋ ꜚ № № ҍ҉ ᵌ̆ҌẠ Ȃ 

 
̂ã0  

 
̂b̃90  
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̂c̃30                     ̂d̃60  

   

̂ẽ 120                    ̂ f̃150  

   

̂g̃180                     ̂h̃210  

   

̂ĩ240                     ̂ j̃270  

   

̂k̃300                    ̂l̃330  

2- 13Ҍ Ҋ  
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2. 4 T2 ẅ ғⅎ  

2. 4.1   

T2 ᵝԍ ̆ ̆

ᵣ ̆ ̆ Ҭ ᵣ Ȃ

100,000 ̆ 2- 14 Ȃ 

ҹ ̕ ̆ Ӟᴪ ֟

̆ Ȃ ṿ

№ ̆ ₮ ҹ Ȃ 

 

2- 14 T2  

2. 4.2  

ABS └ ↨ᵣ ̂ 2-15̃ ̆

ҊҌ₮ ꜚ Ȃ ᵣ ’̆ Ҭ

1/200 Ȃҹ Ҍ Ҋ ̆ Ҭ

̆ Ҍ Ȃ 

 

2- 15  
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2- 16  

Ҭ ↨ᵣ ҉῍ ԅ 854ҩ ̆ 2-16̆ ῃ Ȃ 

қ׆ ̂ ̃ Ҭ ӈҹ 0£ ̆ Ҭ 15£

ⱴ̆ ᵝ ӈ 2- 17Ȃ 30£ Ȃ ⌠

’̆ ֜ ңҩ Ȃ 

ҹ 12.9m/sȂ ’ A ץ

╩ ̆ Ȃ  ʖ  = 0.60kPâ50 ȁB

10 ȁ10№ ̃ 

 

2- 17  

2. 4.3  ṿ №  

2. 4.3. 1 ⅞№ 

Rhino- 3D ᴆ 2- 18 ̆ ԅ ̆ ̆ ױ

ף ҹ 1ȁ 2ȁ 3Ȃ 
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2- 18 ₃ᵥ  

ᵣꜚⱬ ᴆ Fluent ṿ Ȃ 15L 10L 8H ῒ̆Ҭ L

ҹ ȁH ҹ ̆ ᵝԍ ╠ 1/3 ̆ ԍ 2%Ȃ ԍ

ᵣ ̆ ⅞№̆ № ̆ ⅞№ ̆

⅞№ ̆ ⌠ԅ ᵣ Ȃ T2

Ҭ̆῍ 1100 ҆ҩ ᾝ ̆ ⅞№ 2- 19Ȃ 

 

2- 19 ⅞№ 

2. 4.3.2  ᴆ  

῀ ᴆ̔ ῀ ᴆ̆ ҹA ̂ɻҹ 0.12̃̆

0. 60kN/m
2
̆ 50 Ȃ x ╩ 2. 2 Ҭ ӈ ╩ ₱ Ȃ 

ὠ
ς‫

”

ς πȢφ ρπ

ρȢςυ
σπȢράȾί 

₮ ᴆ ῃ ₮ ᴆ̕ ṿ ңᶷ

ᴆ̕ ᴆȂ 

ᵣ Ҍ Ȃ Ҭ 3D №̆ ̆

ԋ ̆ - ⱬ SIMPLEC Ȃ 

2. 4.4  ῒ -- ҍ ṿ  

2. 4.4.1  ῖ  

Һ ṿ ץ̆ ṿ Ḥ Һ̆

ᵬҹ Ȃҹԅ ̆ ⁞ №̆

̆ ṿȂ

ԍ ҹ ̆ ֽץ ҉ ̆

҉ ⅞№ 2- 20 Ȃ 

№ № ӊ ̆ ԅ ╠ Ҭ
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̆ ֓ῖ ҹ 1ȁ5ȁ9ȁ19ȁ25ȁ33ȁ37ȁ40ȁ43ȁ47ȁ65ȁ66̆

Ҋ ֓ ṿ Ȃ 

 

2- 20 №  

ץ ̆ Ҍ Ҋ̆ ṿ №

₃Ӎל ̆ ғ ҉ ⱬ̂ ̃Ȃң

Ҋ₃ץ ̔̂1̃ 1/200 ̆ ṿ

̆ ̂̕2̃ ңᶷ

̆ ᴪ₮ ̆ ̆ ṿ ṿ ңᶷ

4L̂ Lҹ ̃̆ ̆₃Ӎ ץ Ȃ 

0 Ҋ̆ 5 ṿ ̆ 5 0

Ҋ Ҭ ̆ 1ȁ33ȁ47 ṿ ̆

1̆ ṿ 0.21Ȃ 1ȁ33ȁ47 ԍ ̆ Ӱ Ȃ

Ҋ̆ 40 ᵞ̆ ҹ ԍ ̆ № ̆

Ȃ 

90 Ҋ̆ 1ȁ40ȁ65 ṿ ̕ 25ȁ

47 ң ⌠ ̆ 25̆ ṿ ⌠ 0. 11Ȃ

Ҋ̆ 25ȁ47ȁ65 ̆ 25ȁ47 ̆ ңҩ

№ ̆ ̕ ѿ 65 Ῥ

№ ̆ Ȃ 

180 Ҋ̆ 1ȁ5ȁ19ȁ25ȁ37ȁ43ȁ66 ҩ Ȃ Ҋ̆

╠ 1 Ӱ ̆p ṿ ׅ

Ȃ 

ῒᵩ Ҋ № ᵌ̆ҌẠ Ȃ 

ṿ № Ҍ̔ Ҋῖ

₃Ӎל ̆ ṿ ̆ ṿ ‰ ԅ ’̆ ṿ ᵬץ

ҹ ⱬ ΐȂ 

 

̂ã 0                          ̂b̃30  
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-0.4
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0.0

0.2

1 5 9 19 25 33 37 40 43 47 65 66

№
 

№  

 

ṿ  
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-0.8

-0.6

-0.4
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1 5 9 19 25 33 37 40 43 47 65 66
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№  

 

ṿ  

30 
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̂c̃60                          ̂d̃90  

 

̂ẽ 120                         ̂f̃150  

 

̂g̃180  

2- 21 ṿ Ҭῖ №  

2. 4.4.2  ṿ  

Һ ṿ ṿ Ȃ ṿ

̆ Tecplot ᴆҬ ῀ Fluent ᴆ ⌠ ̆ ῒ

ץ ⌠ ̂ ̃̆ Ἕ ץ ⌠

ṿ Ԑ Ȃ ̆ Surfer ᴆ

⌠ Ҭ ῀⌠ ᵝ ̆ ṿ ⌠ ṿ

№ ̆ ҍ ṿ ⌠ ṿ ̆ 2- 22 Ȃ 

0 Ҋ̆ ̆ ṿ

⌠- 0.8̆ ң ̆ 65ȁ66 № ̆ ṿ

№ Ȃ ꜚ Ҭ Һᵣ ̆ № ҹ ̆Ҭ Һᵣ

ṿ - 0.2ĺ0. 4ӊ Ȃ 

90 Ҋ̆ № ̆ ̆ ▲ Ȃ

ң ӊ ̆ ꜚ⌠ Ῥ № ̆ Ȃ

Ҭ Һᵣ № ҹ ̆ - 0.1ĺ0. 2ӊ Ȃ 
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-0.4

-0.2

0.0

0.2
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№  

 

ṿ  
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90 
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№  

 

ṿ  

120 

-0.6
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-0.2
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0.2
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№
 

№  

 

ṿ  

150 

-0.6
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0.2
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№
 

№  

 

ṿ  

180 
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180 Ҋ̆ ԍ Ӟ ԍ № ̆ ץ №

Ҭ Ȃ 1 ꜚӊ ̆ ῒ

⌠- 0.6Ȃ 

ῒᵩ Ҋ ’ҌῬ Ȃ 

̂ã 0  

 

 

̂b̃30  

 

̂c̃60  

 

 

̂d̃90  
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̂ẽ 120  

 

 

̂f̃150  

 

 

̂g̃180  

2- 22 ṿ Ҭ ṿ  

҉ ῖ № ṿ ̔ ṿ ‰

ԅ ’̆ ṿ ᵬҹץ ⱬ ΐȂ 2-23

Ԑ ̆ ҈ ̆№ ҍ ṿ № ᵌȂ 

 
̂ã 0  
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̂b̃30  

 
̂c̃60  

 
̂d̃90  

 
̂ẽ 120  
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̂f̃150  

 

 
̂g̃180  

2- 23 Ԑ  

2. 4.5   

Ҍ Ҋ̆ Ҭ 10 m ̂Z=10m̃ № 2- 24Ȃֽ 0

90 Ҋ ₮ԅ ▲ Ȃ 

2- 24(a) 0̔з Ҋ̆ ᾢ ң № ̆ ң ᶷ ꜚ

2ȁ3 ̆ № 2ȁ3 ӊ ̆ ԍ

ꜚ⌠ ңᶷῤ₭ ̆ ץ ֓ ԅ ̆ ⌠

0.6̕ № ╠ ң ₮ ҍ 2ȁ3 ̆ ̆

⌠ ̆ - 0.2 - 0.4 ӊ Ȃ ̆

1 ңҩ № Ȃ 

90з Ҋ̆ № ׆ 1ӊ ₮̆Ҍ ԍ

▲⁞ ̆ ᴪ ῤ Ȃ № 3ӊ ̆

ѿҩҬ ̆ ⌠ ̆ - 0.2

- 0.4 ӊ Ȃ ԍ ᶷῤ₭ ↕ ⌠ ̆ ⌠ 0.75Ȃ

№ ̆ ⌠ ̆֟ ̆ ҍ ̆

ԅѿҩ ̆ ⌠ Ȃ 

180з Ҋ̆ №ᴪ 1̆ № 1 ӊ

Ҋ ῒ̆ᵩᴪ ̆ Ҭ ңҩ

Ȃ ̆ 2ȁ3 ̆ ҩ Ȃ 

ῒᵩ Ҋ ꜚ № № ҍ҉ ᵌ̆ҌẠ Ȃ 
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̂ã 0  

 
̂b̃90  

 

   

̂c̃30                   ̂ d̃60                   
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̂ẽ 120                   ̂ f̃150  

 
̂g̃180  

2- 24 Ҍ Ҋ  

2.5  

ԅ ׃̆ ԅ ̆ ҉̆ └῀

╩ ≠̆ FLUENT ᴆ№≢ ֤ T2 ȁ

T2 ԅ № ṿ ̆ ṿ ҍ

̆ ṿ Ḥ Ȃ 

ңҩ № ṿ ԍ (̔ 1) ᵣ ,₃ᵥ

№ Ȃ ֤ T2 Һ ҹ ̆

Ҍ ̕ T2 ң ᵈ ₮ң ̆ғ ҹ

↕ Ȃ ⅞№ ̆ ▲ Ȃ( 2) ṿ

ҹ ̆ № Ȃ(3) ̆

Ȃ̂4̃ ̆ ⅞№ ̆

№ Ȃ 

ṿ Ԑ ̆ ԅ № Ȃ ̆

▲ ̆ ῏ ̕

№ ȁ № ̕

֟ Ȃ 

№ ̔ ṿ ᵣ҉ ̆ ṿ ץ ԍ

Ȃ ṿ ң Һ ҹ̔̂1̃

1/200 ̆ ṿ ̆

’̂̕2̃ ңᶷ ̆֟ ̆

̆ ṿ ṿ ңᶷ 4L̂ Lҹ ̃̆

̆₃Ӎ ץ Ȃ 

ӊ̆ ṿ ҹ‰ ԅ ̆ ғ ṿ

ѿ֓ ץ ῃ № ғ ̆ ץ

ꜚ̆ҹ ᶫ ⱬ ᶭ Ȃ
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Ҏ  ẅ  

3.1  

ῒ № ҹ№ץ № №̆ῒҬ №

10№ ̕҉ץ № ֽ ₃ Ȃѿ ҹ̆

№ץ ҹ ꜚ ң №Ȃ ⌠ ѿ ԍ ̆

̆ ᵬ ⱬ ԍ ⱬᵬ Ȃ ꜚ ῒ̆

̆ ꜚ ᵬ ⱬ ꜚⱬ ̆ ꜚȂ ΐ

ꜚ ң Ȃ ץ ̆ ꜚ ꜚⱬ Ҍ

̆ ꜚ ᵬ ҍ [39]Ȃ 

ԍῒ ץ ꜚ ₮ ̆ ѿ ῖ

̆ ᵬ Ҋ Ȃ ԍ

№ ץ ⱴץ ׆̆ ṿ [23]Ȃ ╠̆

Һ ̔ 

̂1̃ Ȃ ץ ҹ̔ Fourier ѿ֓ ⱳ

ҹ ⱳ ̆ Ῥ

ⱳ ꜚⱬ ᴰ ҹꜚⱬ ̆ ꜚ №

⌠ ꜚⱬ Ȃ 

̂2̃ Ȃ ץ ҹ̔ ȁ

ṿ ⌠ ᵬ ԍ

ꜚⱬ № ̆ ꜚⱬ ῃ Ȃ ̆ ғ

ԍ ̆ Ȃ 

ץ ῏ №

ᵬ Ҋ ץ ╠ Ȃ ԍ

̆ ᵬ ̆ ̆ ױ ≠ ꜚ ᴏ Ȃ ԍ

MATLAB └ ץ ̆ῒ ҹ ₱ ̆

ꜚ ̆ ӈ ̆ ҹѿҩ ↓

Ȃ Һ ׃ ₃ ≠ ԍ ↓

̔ ȁ ⱴ ץ № ̆ ῒҬץ ҹ ⱴ ҹ

ᶛ ↓̆ҹ ᶫ Ȃ 

3.2  

3.2.1   

3.2.1 .1   

̂ ĂR ̃ ≠ ֟ № ̆

ῒ ṿҹ [40]Ȃ ₮ ⱳ ↓Ȃ Mҩ ῏

ꜚ ↓ ҹ̔ 

                ̂3- 1̃ 

Ҭ̔ ҹ ↓̕pҹ ̆

Ȃ ҹ ̂ ̃̕ ὔὸ ὒϽὲὸ, ҹ ṿҹ0̆ ҹ1

‰ ̕ M Cholesky№ ⌠L̕ ҹ

̕ ҍ ꜚ ӊ R ῏ Ҋ̔ 

() ( ) ()
1

, , ,
p

k
k

v t v x y z t k t N ty
=

= - D +ä

()v t

tD ()( )1,2,3...,jn t j M=̆

NR ( )1,2,3...,k k py =

y
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    ὙϽ•
Ὑ
ὕ

                         ̂ 3- 2̃ 

Ҭ̔ ̆ҹ( p + 1) M¦M ̆I ҹ ᵝ ׆̆ ̔ 

                 ̂3- 3̃ 

Ҭ̆Rҹΐ Ҋ ( p + 1) M¦( p + 1)M ῏ Toeplitz ̔ 

̂3- 4̃ 

Ҭ ꜚ ⱳ - ̂wiener-khinchiñ Ὲ ⌠̔ 

   Ὑ ᷿ Ὓ ὪÃÏÓς“ὪϽ†ὨὪ                ̂3- 5̃ 

Ҭ̔ ̆ ҹ ⱳ ̕ ҹ ԑⱳ Ȃ 

̆Mҩ ҹ̔ 

         ̂3- 6̃ 

   

3.2. 1. 2  

҉ p ҹ ↓ ӊѿ̆

ԍ ‰ ȁ ץ ΐ № ̆

῏ Ȃ Ṝ̆ҹ ῤ ̆

⁞ Ȃ ̆ ֽ ᵞ ̆Ḃ ⌠

Ȃ ̆ ץ Ҋץ ̔ ᵀ ѿ׆̆

ⱴ ̆ ⌠ ⱴ ̆ Ḡ ѿҩ

ῤ̆ Ӈ ץ ҹ ᵞ Ȃ 

3. 2.2 ⱴ  

ⱴ ԍ҈ ̆ Ȃῒ ץ ҹ̔

ԍ ↕ ̆ ץ ̆ ԍ ị №

̆ ꜚ ̆ ץ Ḥ № ׆̆ ѿ ↓ ῒ

ז ⱴȂ ⅞№̆ ץ ֓ ṿ Ȃ 

3. 2.2.1  ῏₱ ԑ  

ԍ ꜚ ̆Davenport ₮ ₱ : 

 ̂3- 7̃ 

Ҭ̔ №≢ҹ ԍ  i  j ̕

№≢ҹ ⁞ ̆ №≢ ҹ 6̆16̆ 10Ȃ 

ԑⱳ ₱ Ҋ̔ 

                ̂3- 8̃ 
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( )0
1

p

N k
k

R R R j k ty
=

= + - Dè øê úä

() ( ) ( ) ( )( )

( ) () ( ) ( )( )( )
( ) ( ) () ( ) ( )( )

( )( ) ( ) ( )( ) ( ) ( )( ) ( )( )()

11 12 13 1 1

21 22 23 2 1

31 32 33 1 3

1 1 1 2 1 3 1 1

0 2

0 1

2 0 2

1 2 0

p

p

p

p p p p p

R R t R t R p t

R t R R t R p t

R R t R t R R p t

R p t R p t R p t R

+

+

+

+ + + + +

è D D D ø
é ù

D D - Dé ù
é ù
= D D - Dé ù
é ù
é ù
é ùD - D - D
ê ú

L

L

L

M M M O M

( )ijR m tD

i j= ()ijS f i j̧ ()ijS f

( )
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Ȃ 

3. 2.2 .2  ῒ Cholesky№  

ѿ  mҩ n ̆ ₱ ҹ̔ 

                  ̂3- 9̃ 

Ҭ̔ ҹף iҩ ⱳ ̕ ҹ iҩ jҩ ԑⱳ

̆ѿ ҹ ̆ ̔ 

       ̂3- 10̃  

Ҭ̔ ҹԑⱳ ᵝ Ȃ 

ᵖ҉ ̂3-10̃ № ’Ҋ ׆̆№ ⌠╠

̂3-8 Ȃ̃ 

3. 2. 2. 3 ҈  

ҹ̔ 

   ̂3- 11̃  

Ҭ̔N ҹѿᾟ№ ̕ ̆ ҹ ̕ᾝ  

Cholesky№ ̕ ҬҌ ӊ ᵝ ̕ ̆

̆ ҹԅ ᾧ Ȃ 

҉ ≠̆ ⱴ ꜚ ₮ ꜚ ⱳ ₱ ̆ ҈

Cholesky№ ⌠ ̆ ᶏῒ ⱳ ₱ Ȃ ₮

̆ ̂3-11̃ ⌠ ṿҹ ̆ῒⱳ ₱

ԍ ⱳ ₱ Ȃ 

3. 2.3 №  

ῐ № № ⌠ ꜚ ҉̆ Ḥ ΐ

ң ̆ѿ ̕ԋ [41]̆ № ԍῒ

ΐ ̆ № ץ ꜚ ̆ №

Ȃ 

ҹѿҩ ₱ ̆ ̆ῒҬ̆ ҹ ₱ ̆

ῒị Ҋ ᴆ̔ 

                  ̂ 3- 12̃  

↕ ץ ҹ ₱ Ȃ ᵈ̆↕ ץ

⌠ ₱ ̆ῒ ҹ̔ 

          ̂3- 13̃  

Ҭ̔ò ̕a Ȃ 

₱ ץ̆ Ҭᶏ Ḥ ԋ̆ └

ӊѿ̆ ṿ Ҭ ῒ̆Ҭΐ ף ԋ

̂Dyadic Wavelet̃̆ῒ ҹ̔ ҩ ҹ 2
j
k̆ ҹ 2

j̆Ὲ

Ҋ̔ 

()( )1,2,...,jx t j m=
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            ̂3- 14̃  

̆ ץ Ḥ ҹ ѿ ↓ ⱴ̆ῒ ҹ̔ 

           ̂3- 15̃  

Ҭ̔ ҍ ҹ̔ 

                ̂ 3- 16̃  

№ ӊ ץ ⌠ ᴋ ̆ῒ ԍ № ң ̆

ѿ ץ ꜚ ̆ ԋΐ ̆

Ȃ ̆ № ‰ ̆ ≠ ῒ

₱ ȂӞ ̆ № ≠ ꜚ

ṿ Ȃ ̆ № ⌠ ῤ ῏ ̆ ⌠ ṿ

ҬȂYamada ≠ Mayer ̆ № ⌠

ꜚ ̆ ₮ԅ ң ѿ̆ ΐ ᵌ ԋ̆ ΐ ѿ [42]ȂZeldin

ԍ db3 ̆ ṿ ̆ AR ҩ ҉

̆ ӈ ҩ ₱ ‗ [43]Ȃ ԍ db3

≠̆ № № ̆ ̆ ꜚ ԅ ṿ
[44]Ȃ ṿ Ҭ ῀ ṿ ̆

№ ץ̆ ᵞ Ḥ ׆̆ ԅ [45]Ȃ 

3. 3 ẅ  

ⱴ ꜚ , ԍ ꜚ ̆ Davenport ̆ῒΐᵣ

ҹ̔ 

                 ̂3- 17̃  

Ҭ̔ ̆nҹ ̆ ҹ 10m Ȃkҍ

῏̆ ҊῈ
[6]̔ 

 )16.0(36350021522.0 -³= ak                ̂3- 18̃  

Ҭ̆ɻҹ Ȃ 

ҹ 0.1s̆ ҹ 1200̆ ῍ ԅ 120sῤ ̆

ץ ⌠ ꜚ ̆ B ̆0.5kPa ̆ ֓ ץ

’ ̆ ΐᵣ 3-1Ȃ 3-1 3-2 Ҍ

ץ ҍ Ȃ 

3-1  

 ṿ 

ꜚ  Davenport  
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(a)10m                             (b)15m  

    

(c)200m                           (d)205m 

3- 1Ҍ  

 

3- 2 ҍ  

׆ 3- 1 ץ ₮ 1̆0m 15m 200m 205m ᵌ ̆

10m 200m ᵌ ᵞ̆ ԅ ꜚ ῏ Ȃ 3- 2 ̆

ṿ ⱳ ҍ Ӟ № Ȃ 3- 3 ҹ῀ ╩ ṿ ╩

ṿҍ ṿ ̆ ̆ ṿ ⌠ ṿ ԅ

ṿȂ 

          

  (a)                       (b)  

3- 3 ṿҍ ṿ  
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3. 4  

ԅ Ҭ ṿ ̆ ȁ ⱴ

№ ץ̆ Ȃ ԍ Davenport ⱳ

ⱴ ̆ MATLAB ̆ ṿ Ȃ ̆

⌠ ꜚ ̆ ԅ ꜚ ῏ ῏ ̆ ⌠ ⱳ ṿ

ԅ ⱳ ṿ̆ ⌠ ṿ ῀ ╩ ṿҍ

ṿ Ȃ Ҭ ⌠ ↕ Ȃ
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4.1  

Ҭ ̂Equivalent Static Wind Loads̆ ESWL̃ ̆

ⱬ ᵬ ԍ ῒ̆ ҉֟ ⱬ ҍ ֟ ꜚⱬ

ṿ Ȃ Ҭ̆ ֲ ᵬҹ ӊѿ ҍ

’ ̆ ⱬ ⌠ ᵝ ȁⱬ ⱴ ṿȂ ̆ Ạ

ꜚ ᵬҹѿ ꜚⱬ ⱴ ⌠ ҉̆ ꜚ ̆ ῤ

ῤ ῒ ꜚⱬ № ⌠ Ȃ ₮ ԍ

ꜚ ҹ ⱬ ᶫ ֲ ᶏ Ȃ ̆ ꜚ ̆҉ҕ

60 ף Davenport
[29] ᾢ⇔ ꜚ № ̆ ₮

̂GLF̃ ̆ ꜚⱬ № ҹ ⱬ№ ׆̆ ‗ԅ

Ȃ ȁⱴ ȁ ≠֒ ץ ҹ ̆ ῒ↓῀ ҬȂ

╠̆ Ӟ ѿ ̆ ԅ ԍ ꜚ

̆ № ĺĺ № ĺĺ

̆ ꜚⱬ ҉̆ ↕ ̆ ⌠

Ȃ ׃̆ ̆

̂GLF̃ ȁ ῏̂LRC̃ [31]ȁ ⱬ̂IWL̃ Ȃ ֓

ᴨ ῒ Ҍ ̆p ԍѿҩΐᵣ ̆ ֓ ṿ

Ȃ ̆ ⌠ѿ ȁ ȁ Ὶ

Ȃ 

₮ԅ ԍ № ̆ ⌠ԅѿ Ḃȁ

Ȃ ҉̆ ₮ԅ ⱴ

ӈ ≠̆ ῏ ⱴץ ׆̆ ⌠

ץ≢̆№ ҹᶛ̆

№ ̆ ҹ ᶫ Ȃ 

4.2 Ⱶ  

4.2.1  

҉ҕ 60 Davenport̆ף
[9] ᾢ ₮ԅ ԍ №

ττ ̂Gust Loading Factor̆ GLF̃[29]̆ ₮ ӈ̆

ᵬ Ҋ ṿҍ ᵬ Ҋ ṿ ҹ

Ӟ̆ ҹ ̆ ꜚ ̆ ᵬ Ҋ ꜚⱬ ṿ ץ ҹ̔ 

                            ̂ 4- 1̃ 

Ҭ̔ ҹ ᵬ Ҋ ṿ ̕ ҹ ᵬ Ҋ ̕gҹ ṿ

ṿ ̕ ҹ ꜚ ᵝ ṿȂ 

ꜚ ᵬ Ҋ ꜚⱬ ҹ ῒ̆ ṿҹ ̆

̆ ṿ ҹ Ҋ ̔ 

                     ̂ 4- 2̃ 

Ҭ̔Tҹ ̆vҹԋ Ȃ 

ԍ ꜚ ̆ ғ ‰ Ẋ ҉̆ ῤ ꜚ

ꜚ ᴰ ̆↕ ץ ⌠ ᵝ ̆ Ӈ ҉

Ĕ
YY Y gs= +

ĔY Y

Ys

( )
( )

0.577
2ln

2ln
g vT

vT
= +

( ),uS x n

()yS n
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ᵝ ץ ҹ̔ 

                            ̂4- 3̃ 

ҹ ̆ ꜚ ⱳ ֲ ̆ ╠ ₮ԅἝ

DavenportȁHarris ᴧ ⱳ ̆Davenport Harris Ҍ

ꜚ ̆ ̆ Simiu ̆Kaimal ̆Karman

Hino Ȃ Davenport ̆≠ Davenport ̆ ṿҍ

ṿӊ ӈҹ Ğ ̔ 

                           ̂ 4- 4̃ 

ԍ ̆ ץ ҹὴ ᾀ ץ ҹ̔ 

ὴ ᾀ ὋϽὴӶᾀ                          ̂4- 5̃ 

Ҭ̆ὴӶᾀ ̆zҹ ᵝ Ȃ 

҉ ץ ₮̆ ԍ ᵝ ⌠ ̆p

ᵬ Ҋ̆ ᵝ Y ̆ ԍ ̆ ̆ ̂4-3̃Ҭ

ԍ ̆ ԅῒ ӈȂ 

̆ Ḃ ғḂԍ ̆ᵖ Ӟ ѿ֓Ҍ ӊ ̆ɒ

GLF ⌠ № ҍ ̆ ֽֽ

№ ѿ ̆ ҍ ץ № ῏ ̕ GLF

ѿ ̆ ԍ ̆p ԍ ҍ

̆ Ҍ Ȃ 

4.2.2  ⱬ  

≢ԍ ѿ̆֓ ꜚ ֟ ҹ ꜚ֟

ⱬ̆ ױ ӊҹ ⱬ [46]̂Inertial Wind Load̆ IWL ̃̆ Ӟ

῀⌠Ҭ Ҭ̆ Ӟ ץ ӊҹ GBJ ̆ ҹ

№ ҍ ꜚ ᵬ Ҋ ⱬ№ ̆ ⌠ ꜚⱬ ̆

ҹ ץ ⱬ ̆ ’Ȃ 

ꜚⱬ ῖ ̆ № ̆ ꜚ ᵬ ҉̆

ῒ ꜚ ҹ̔ 

                ̂ 4- 6̃ 

Ҭ̆ ҹ ᵝ ȁ ҹ ȁ ҹⱴ ̕ ҹ ꜚ

̕[M]ȁ [C]ȁ [K] ꜚⱬ Ҭ ҈ ̆ ̆

ᵣ↨ Ȃ 

№ ץ ꜚ ꞉ ᵬ Ҋ ᵝ ҹ̔

̆ Ҭ̆ ̆ ӈ ̆≠ ⱴ ̆ ץ

ӈ ҹ̔ 

                      ̂4- 7̃ 

Ҭ̔ j ̆ j ӈ ̆N

ҹ ⱴ Ҭ Ȃ 

̂4-7̃ ̆ ӈ ҹҺ ҍ ⱬ ̆ԍ

̂4-7̃ ⌠ ӈ ᵬҹץ Ȃ

̆ ֽֽ ѿ ̆ԍ ̂4-7̃ ץ ҹ̔ 

                      ̂4- 8̃ 

ԍ ̆ ⱬ № ⌠ ̆

ҍ ȁ № ℗ ῏ ̆ ῒ ӈ ⱴ ̕ᵖ

Ys

()
0

dY yS n ns
¤

=ñ

Ĕ
1 YY

G g
Y Y

s
= = +

[ ] (){ }[] (){ }[] {}{ } (){ }M y t C y t K y t p t+ + =&& &

(){ }y t (){ }y t& (){ }y t&& (){ }p t

(){ }[]{}y t qj= []j {}q

{ }[ ] {} (){ }2

1

N

eq j j j
j

P M q tw f
=

= ä

{}jf (){ }jq t

{ }eqP

{ }[ ] {} (){ }2

1 1 1eqP M q tw f=
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ⱬ ₮ ֽֽ ԅ ῍ № ̆ ѿ ⱬ̆

Ҍ ̆ Ӈ ↕Ҍ ̆ ԍ ֓ ץ

ҍ῍ ῏ ᶏ̆ ⱬ ₮ ҍ ṿ ѿ

Ȃ ̆ ⱬ Ӟ ῒҌ ᾥ Ȃ 

4.2.3 ῏  

҉ҩҕ 90 ̆ף Kasperski
[31] ᵞ ̆

ꜚⱬ ₮ ‗ ѿ ðð ῏ ̂Load Response 

CorrelatioñȂ ∆ ԍ↨ ̆

Ҭ ѿҩ ̆ ҹ № ̆ῒ ҹ̔ 

ꜚ ᵬ Ҋ̆ ҉ ṿ rmax ץ ҹ̔ 

                            ̂ 4- 9̃ 

Ҭ̔ Ҋ ̆gҹ ṿ ̆ ҹ ꜚ Ȃ

ðð ðð ӊ ῏ ̆ r i ṿӞ ץ ҹ̔ 

    Ò В ὥ Ͻὖ ÇВ В ὥ ὥ„              ̂4- 10̃  

Ҭ̔ὖҹ k ṿ̆ὥҹ k i ̆„ ҹ k l

̆ ғ ̔ 

   „ В ὥ Ͻ„ ” Ͻ„ Ͻ„               ̂4- 11̃  

Ҭ̔” ҹ ῏ ̆„ ҹ k ̆„ҹ i Ȃ

̂4-10̃ ̂4-11̃ ̔ 

̂4- 12̃  

ԍ ̆ ri ץ ҹ̔ 

                      ̂4- 13̃  

῏ ⌠ ֽ ԅ № [47]̆Ҍ

ԍ῍ Ҍ Ȃ׆ ץ ₮ ҍ̆ ᵌ̆

῏ ⌠ Ḡ ῒ̆ז Ҍ

Ȃ 

4.2.4  ҈№  

№ ̆ ῒ№ ҹ № ȁ № ῍ № Ȃ

ῒҬ № ᵣ ԅ ꜚ Ҭ ‰ ⱬᵬ ̆̓̀ № ↕ᵣ ԅ ꜚ

῍ ֟ ꜚⱬ Ȃ Davenport ӈ̆ ꜚ

ץ ̂SRSS̃ ⌠̔ 

                            ̂ 4- 14̃  

Ҭ̔ ̕ ῍ Ȃ 

̆ ῍ ԅ ѿ ץ̆ ꜚⱬ

ҹ ԅ ӈ̆ ғץ‰ ⱬ ̆r ԅ ῃ ҍ

ⱬ Ȃ Ҭ̆ ῍ ӊ ῏ ̆ῒ ץ

ҹ̔ 

                     ̂4- 15̃  

Ҭ̔ ҍ῍ ӊ ῏ Ȃ 

̂4-14̃ ȁ̂ 4-15̃ ң ץ ̆ ӈ ̆ ӈ ̆

max rr r gs= °

r rs

( )
2

1 1
max

1 1 1 1

kl

i k k i k k

i

m m

ik il Pm m m m

i ik k ik k ik r P P ik k r P P

r

a a

r a P g a P g a a P g

s

r s r s
s

= + = + = +
ä ä

ä ä ä ä

()eq i k ki k r P PP r P gr s= +

2 2

b rs s s= +

bs rs

2 2

,2b r b r r bs s s r ss= + +

,b rr
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ץ ꜚⱬ ҹ ̆ ῍ ῒ ῏ ԅ Ȃp ╠

ԍ ӎ ῍ ῏ ̆Һ ̂4-14̃

Ȃ 

ԍ╠ ҩ№ ⅞№̆ ֲ ₮ԅ№≢ ҈ҩ№

̆ ῒ ҹ ̆ ӊҹ҈№ ȂῒҬ̆

№ ץ ⱬ ̕ № ץ ῏ ̓̀̕ № ץ

ⱬ Ȃ ’Ҋ̆ ҈ № № Ҍ ̆

Ҍ̆Ḃԍ Ȃ ץ ҈№ ╠ Ҭ ѿ ῒ̆

ӈ ԍ ȁ ⱬ ȁ ῏ Ȃp

Ӟ Ҍ ӊ ̔ ѿ̆ ⱬ Ҍ

̆ԋ ӊ ῒ ῏ ̆ ץ ԋ ѿ ̕ ԋ̆׆ ӈ҉ ̆

ׅ ѿҩ ̆ Ḡץ ῒז ṿӞ Ȃ 

4. 3 ŀŀװ T2 ҿᶡ 

Ȃᵬ ҉ ץ ҩ

ҹ ץ ҊῈ ̔ 

Ὂὼȟώȟᾀ ὋὼȟώȟᾀὊὼȟώȟᾀ Ὃὼȟώȟᾀ#ȟ ‫   ̂4- 16̃  

≠ ꜚ № ⌠ ῏ ᵝ ̂100 ̃ ῏ ᾝ Ҍ

Ҋ ̆ ҉ ⌠ ⱬ Ȃ̓͂ ᵝ

4- 1Ȃ 

 

 
(a) ᾝ                        (b) ᾝ 

 

 
 

  ( c) ᾝ                   (d) ᾝ 
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(e) B ῏ ᵝ  

 

 
   (f) A2 ῏ ᵝ      (g) A1 ῏ ᵝ  

4- 1 ῏  

ҹԅ ⌠Ḃԍ ֲ ᶏ ̂ ԍҬ Ҭ ľ

Ŀ̃ ⱬ ̆№ ԅ ֓῏ ̆ ҩ Ҋץ

῏ ṿ ᵝ ҹ └ ̆ ץ Ҍ≠ ’

Ȃ 

ԍ ᵣ ̆ ᾝ Ҋ̆ Һ ץ Ȃ 

4. 3. 1 B  

B └ᵬ 4- 1̆ ᵝ ̂z ̃̆ № Ҭᵝ

̂ 1 ̃ ᵝ ̂ 2 ̃№≢ ṿȂ 

4- 1(a)  B └ᵬ  

 └ᵬ

 

῏

 

ṿ

̂mm̃  

ṿ

(mm) ̂ ̃ 

X ᵝ  45  4763  - 9.7  - 14.4  1.48  

Y ᵝ  345  630  - 21.1  - 25.7  1.22  
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Ҭ Z ᵝ ҉ 0  617  76.6  104.6  1.36  

Ҭ Z ᵝ Ҋ 180  2595  - 16.7  - 28.7  1.72  

Z ᵝ ҉ 15  3645  44.1  67.9  1.54  

Z ᵝ Ҋ 15  3672  - 34.1  - 50.0  1.47  

W1 - Z ᵝ  180  4318  - 13.2  - 22.1  1.67  

W2 - Z ᵝ  15  4422  - 11.5  - 16.1  1.40  

W3 - Z ᵝ  15  4549  22.0  32.3  1.47  

W4 - Z ᵝ  15  4569  32.1  47.0  1.47  

W5 - Z ᵝ  30  4719  22.6  35.5  1.57  

W6 - Z ᵝ  30  4700  52.3  80.7  1.54  

W7 - Z ᵝ  0  4313  47.1  65.4  1.39  

W8 - Z ᵝ  345  4863  - 4.0  - 6.3  1.56  

T1 - Z ᵝ  0  3430  24.9  43.3  1.74  

T2 - Z ᵝ  0  636  28.2  38.2  1.35  

T3 - Z ᵝ  0  613  22.9  30.5  1.33  

T4 - Z ᵝ  0  617  76.6  104.6  1.36  

 

ҹ Ҋ ᵝ ṿ̆Ҋ ₮ԅ Ҋ ᵝ ṿȂ 

4- 1(b)  B Ҋ z ᵝ ṿĺĺ Ҭᵝ  

̂ ̃ 

҉ Ҋ 

└

ᵬ

 

ᵝ

ṿ

̂mm̃  

ᵝ

ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  

└

ᵬ

 

ᵝ

ṿ

̂mm̃  

ᵝ

ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  

0 617 76.6 11.2 104.6 3623 - 16.4 2.9 - 23.7 

15 617 76.9 8.8 99.1 3623 - 18.2 3.0 - 25.6 

30 617 61.4 8.5 82.6 3623 - 17.9 2.7 - 24.7 

45 617 37.0 8.2 57.6 3623 - 14.1 2.5 - 20.3 

60 617 26.3 6.2 41.9 3623 - 11.6 2.3 - 17.3 

75 617 19.3 5.7 33.5 3623 - 9.7 2.1 - 14.8 

90 617 15.5 5.6 29.5 3623 - 7.9 1.9 - 12.5 

105 617 14.5 5.5 28.3 3623 - 8.2 2.2 - 13.6 

120 617 15.9 5.4 29.4 3623 - 9.6 2.4 - 15.5 

135 617 15.5 5.6 29.5 2595 - 9.0 3.1 - 16.6 

150 617 16.5 5.6 30.5 2595 - 11.1 4.1 - 21.3 

165 617 19.9 6.8 36.9 2595 - 12.2 4.6 - 23.6 

180 617 28.8 7.4 47.2 2595 - 16.7 4.8 - 28.7 

195 617 26.4 6.5 42.7 2595 - 14.0 4.2 - 24.6 

210 617 21.6 6.2 37.0 3623 - 12.5 3.4 - 21.1 

225 617 18.7 6.1 34.0 3623 - 10.3 2.8 - 17.3 

240 617 17.4 5.5 31.2 2595 - 8.7 2.4 - 14.7 

255 617 15.2 5.1 28.0 2595 - 7.4 2.0 - 12.4 
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270 617 13.5 5.0 26.1 2595 - 5.9 1.8 - 10.3 

285 617 17.8 5.9 32.6 2595 - 7.7 1.8 - 12.2 

300 617 23.6 5.8 38.2 2595 - 9.5 2.0 - 14.4 

315 617 37.5 8.3 58.2 2595 - 11.6 2.2 - 17.0 

330 617 66.4 9.4 89.9 2595 - 15.9 2.3 - 21.7 

345 617 75.7 9.3 99.1 2595 - 15.5 2.5 - 21.9 

4- 1(c) B Ҋ z ᵝ ṿĺĺ ᵝ  

̂ ̃ 

҉ Ҋ 

└

ᵬ

 

ᵝ

ṿ

̂mm̃  

ᵝ

ṿ

̂mm̃  

ᵝ

ṿ̂mm̃ 

└ᵬ

 

ᵝ

ṿ

̂mm̃  

ᵝ

ṿ

̂mm̃  

ᵝ

ṿ̂mm̃ 

0 3645 35.7 8.9 58.1 3672 - 30.8 6.1 - 45.9 

15 3645 44.1 9.5 67.9 3672 - 34.1 6.4 - 50.0 

30 3645 45.4 8.4 66.4 3672 - 30.6 5.6 - 44.6 

45 3645 39.3 9.1 62.0 3672 - 23.8 6.0 - 38.8 

60 3645 34.4 9.4 58.0 3672 - 21.1 6.4 - 37.2 

75 3645 31.6 9.3 54.9 3671 - 17.1 5.5 - 30.9 

90 3645 27.6 7.2 45.6 3672 - 14.0 4.3 - 24.7 

105 3645 25.0 7.3 43.3 3672 - 13.8 4.6 - 25.2 

120 3645 26.5 6.5 42.8 3672 - 16.8 4.2 - 27.4 

135 3645 15.4 5.2 28.4 531 - 15.2 3.6 - 24.2 

150 2903 15.0 5.1 27.7 531 - 20.5 5.0 - 33.0 

165 2903 16.6 6.4 32.5 531 - 23.6 5.8 - 38.1 

180 2903 20.1 6.1 35.3 531 - 26.8 5.7 - 41.2 

195 3645 21.1 4.9 33.3 3672 - 24.6 4.1 - 34.8 

210 3645 17.1 4.5 28.3 3672 - 21.0 4.0 - 31.0 

225 2903 11.9 4.8 24.0 3672 - 16.7 3.3 - 24.9 

240 2903 24.1 6.0 39.0 531 - 18.0 4.3 - 28.8 

255 2903 22.9 6.6 39.3 531 - 15.5 4.4 - 26.5 

270 2903 20.0 6.1 35.2 531 - 11.9 4.1 - 22.1 

285 2903 19.9 6.2 35.6 531 - 12.8 4.2 - 23.4 

300 2903 21.5 6.3 37.2 531 - 15.6 4.9 - 27.8 

315 2903 27.2 6.7 44.0 531 - 19.8 5.6 - 33.8 

330 2903 37.5 6.2 53.1 531 - 29.6 5.0 - 42.1 

345 2903 34.3 6.5 50.6 531 - 30.4 5.0 - 42.8 
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4.3.2 A1 ⱬ  

A1 └ᵬ 4- 2Ȃ 

4- 2(a) A1 └ᵬ  

 └ᵬ

̂ ̃ 

῏

 

ṿ

̂mm̃  

ṿ

̂mm̃  

̂

̃ 

X ᵝ  330 974 30.4 37.6 1.24 

Y ᵝ  135 973 12.0 15.3 1.27 

W23 - Z ᵝ  135 919 24.8 36.0 1.45 

W24 - Z ᵝ  300 718 40.1 57.7 1.44 

W25 - Z ᵝ  300 724 44.8 63.5 1.42 

W26 - Z ᵝ  300 734 22.7 32.1 1.41 

 

ҹ Ҋ ᵝ ṿ̆Ҋ ₮ԅ Ҋ ᵝ ṿȂ 

4- 2(b)  A1 Ҋ x ᵝ ṿ 

̂  ̃ └ᵬ

 

ᵝ ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  ̂ ̃ 

0 972 - 13.3 3.1 - 21.0 1.59 

15 972 - 12.4 2.6 - 18.8 1.52 

30 972 - 10.8 1.8 - 15.3 1.41 

45 906 - 11.7 1.7 - 15.9 1.37 

60 906 - 12.9 1.7 - 17.1 1.33 

75 973 - 12.9 1.9 - 17.6 1.36 

90 973 - 15.1 2.2 - 20.7 1.37 

105 919 - 17.8 2.9 - 24.9 1.40 

120 974 - 20.8 3.1 - 28.7 1.38 

135 974 - 21.1 3.2 - 29.2 1.39 

150 974 - 18.2 2.5 - 24.5 1.35 

165 974 - 10.5 2.2 - 16.0 1.52 

180 972 3.4 1.4 6.8 1.99 

195 951 5.0 1.6 9.0 1.80 

210 974 14.8 3.0 22.3 1.51 

225 974 14.5 2.5 20.8 1.43 

240 953 11.9 2.0 16.9 1.42 

255 974 17.7 2.9 24.9 1.41 

270 974 20.0 2.9 27.2 1.36 

285 904 22.9 3.4 31.4 1.37 

300 904 29.9 3.0 37.5 1.25 
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315 907 28.6 2.4 34.5 1.21 

330 974 30.4 2.9 37.6 1.24 

345 974 25.0 2.2 30.5 1.22 

4- 2(c)   A1 Ҋ y ᵝ ṿ 

̂  ̃ └ᵬ

 

ᵝ ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  ̂ ̃ 

0 973 - 9.2 1.5 - 13.0 1.41 

15 973 - 6.7 1.3 - 9.9 1.49 

30 973 - 4.2 1.0 - 6.8 1.61 

45 973 - 3.3 1.0 - 5.9 1.78 

60 720 - 2.1 0.8 - 4.2 2.01 

75 736 1.0 0.9 3.1 3.23 

90 736 3.5 0.8 5.6 1.60 

105 973 7.1 1.1 9.9 1.40 

120 973 11.3 1.2 14.4 1.28 

135 973 12.0 1.3 15.3 1.27 

150 973 10.1 1.1 12.8 1.27 

165 973 6.7 1.0 9.3 1.38 

180 973 2.0 1.0 4.4 2.17 

195 736 1.0 0.8 2.9 2.87 

210 973 - 1.7 1.0 - 4.1 2.40 

225 973 - 2.0 0.9 - 4.2 2.13 

240 738 1.3 0.7 2.9 2.26 

255 925 2.6 0.8 4.4 1.73 

270 738 3.6 0.8 5.5 1.53 

285 738 5.0 1.0 7.6 1.50 

300 736 5.9 1.0 8.4 1.43 

315 738 5.2 0.7 7.0 1.36 

330 952 - 3.8 1.0 - 6.2 1.64 

345 973 - 8.6 1.3 - 11.8 1.37 

4- 2(d)  A1 Ҋ z ᵝ ṿ 

̂ ̃ 

└ᵬ

 

ᵝ ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  

ᵝ ṿ

̂mm̃  ̂ ̃ 

0 728 7.7 3.2 15.6 2.04 

15 728 7.7 4.2 18.0 2.36 

30 728 6.2 3.0 13.6 2.18 

45 726 7.9 2.7 14.7 1.86 
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60 726 12.5 2.9 19.8 1.58 

75 724 18.9 3.3 27.0 1.43 

90 724 26.8 4.5 37.9 1.42 

105 722 33.7 4.9 46.0 1.36 

120 722 35.9 4.6 47.4 1.32 

135 720 34.1 4.2 44.6 1.31 

150 720 27.1 2.9 34.4 1.27 

165 722 15.1 2.9 22.4 1.48 

180 722 4.8 3.3 13.0 -  

195 722 4.9 4.1 15.0 -  

210 722 6.0 3.5 14.9 2.47 

225 724 8.2 2.6 14.7 1.80 

240 724 14.2 4.2 24.8 1.75 

255 722 21.3 4.5 32.6 1.53 

270 722 27.9 4.8 40.0 1.43 

285 724 31.7 6.5 48.0 1.51 

300 724 44.8 7.5 63.5 1.42 

315 722 44.4 5.4 57.8 1.30 

330 722 33.9 4.5 45.3 1.33 

345 724 16.7 2.7 23.4 1.40 

̔ ֓ ṿ ̆ᵖ ṿ ̆ ᵖҌ └ᵬ ̆ Ȃ 

4.3.3 A2 ⱬ  

4- 3(a)  A2 └ᵬ  

 └ᵬ

̂  ̃

῏

 

ṿ

̂mm̃  

ṿ

̂mm̃  ̂ ̃ 

X ᵝ  135 336 - 16.3 - 26.1 1.61 

Y ᵝ  180 518 - 15.0  - 29.9 2.00 

W17 - Z ᵝ  165 570 3.0  - 5.3 1.77 

W18 - Z ᵝ  165 205 - 2.1 - 3.9 1.82 

W19 - Z ᵝ  135 132 19.4 31.1 1.60 

W20 - Z ᵝ  135 461 - 6.3 - 10.9 1.71 

W21 - Z ᵝ  135 131 20.0 31.6 1.58 

W22 - Z ᵝ  330 112 41.6 60.6 1.46 

 

ҹ Ҋ ᵝ ṿ̆Ҋ ₮ԅ Ҋ ᵝ ṿȂ 
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4- 3(b)  A2 Ҋ x ᵝ ṿ 

̂ ̃ 

└ᵬ

 

ᵝ ṿ

̂mm̃  

ᵝ

ṿ̂mm̃  

ᵝ ṿ

̂mm̃  ̂ ̃ 

0 572 - 3.5 3.1 - 11.4 3.21 

15 572 - 4.7 2.3 - 10.5 2.25 

30 572 - 6.1 1.8 - 10.7 1.75 

45 336 - 6.7 2.0 - 11.7 1.74 

60 336 - 8.9 2.2 - 14.3 1.61 

75 336 - 11.2 2.4 - 17.2 1.54 

90 336 - 13.5 2.9 - 20.7 1.53 

105 336 - 14.1 3.3 - 22.3 1.58 

120 336 - 15.6 3.8 - 25.0 1.60 

135 336 - 16.3 3.9 - 26.1 1.61 

150 336 - 14.1 4.2 - 24.7 1.75 

165 336 - 7.3 5.2 - 20.3 -  

180 419 3.2 2.7 10.0 -  

195 419 3.4 2.5 9.8 -  

210 572 8.0 3.4 16.4 2.06 

225 572 7.8 3.0 15.3 1.96 

240 419 4.7 2.4 10.8 2.28 

255 419 2.2 1.5 5.8 2.67 

270 419 3.0 1.2 6.0 2.02 

285 419 3.6 1.4 7.1 1.96 

300 419 2.3 1.5 6.0 2.59 

315 419 3.9 1.6 8.0 2.04 

330 419 4.8 1.8 9.3 1.95 

345 336 - 1.6 2.5 - 7.9 4.85 

̔ ֓ ṿ ̆ᵖ ṿ ̆ ᵖҌ └ᵬ ̆ Ȃ 

4- 3(c)  A2 Ҋ y ᵝ ṿ 

̂ ̃ 

└ᵬ

 

ᵝ ṿ

̂mm̃  

ᵝ

ṿ̂mm̃  

ᵝ ṿ

̂mm̃  ̂ ̃ 

0 570 - 6.2 5.7 - 20.4  

15 570 - 2.6 4.6 - 14.2  

30 570 0.6 3.4 9.1  

45 570 0.4 3.3 8.7  

60 570 - 1.6 3.6 - 10.5  

75 570 - 2.9 3.9 - 12.7  



 

                             ᵩ ⅎ  

50  ῍ 68  

 

90 570 - 3.4 4.4 - 14.6  

105 570 - 2.9 5.1 - 15.6  

120 570 - 2.2 5.4 - 15.6  

135 570 - 6.8 6.1 - 21.9  

150 570 - 7.9 7.1 - 25.6  

165 570 - 15.0  6.0 - 29.9 2.00 

180 550 - 8.5 5.6 - 22.4 -  

195 550 - 5.4 5.3 - 18.8 -  

210 570 2.4 7.1 20.0 -  

225 570 6.5 5.9 21.2 -  

240 570 3.6 4.7 15.3 -  

255 570 - 1.6 2.7 - 8.4 -  

270 570 - 2.1 2.2 - 7.5 -  

285 570 - 2.7 2.3 - 8.5 -  

300 570 - 4.3 2.5 - 10.7 -  

315 570 - 7.4 2.8 - 14.3 1.93 

330 570 - 6.1 3.1 - 13.8 2.24 

345 570 - 7.8 4.4 - 18.7 2.41 

̔ ֓ ṿ ̆ᵖ ṿ ̆ ᵖҌ └ᵬ ̆ Ȃ 

4- 3(d)  A2 Ҋ z ᵝ ṿ 

̂ ̃ 

└ᵬ

 

ᵝ ṿ

̂mm̃  

ᵝ

ṿ̂mm̃  

ᵝ ṿ

̂mm̃  ̂

̃ 

 
0 222 0.2 3.7 9.6 -  

15 112 - 4.9 4.2 - 15.3 -  

30 112 - 2.0 4.3 - 12.8 -  

45 112 2.6 4.1 12.7 -  

60 112 9.0 4.0 18.9 2.11 

75 112 15.4 4.5 26.6 1.72 

90 112 23.5 5.3 36.7 1.56 

105 112 30.6 6.3 46.5 1.52 

120 112 36.7 7.0 54.2 1.48 

135 112 39.6 7.8 59.0 1.49 

150 112 34.6 6.8 51.7 1.49 

165 112 19.3 7.3 37.6 1.94 

180 112 6.9 7.0 24.4 -  

195 112 8.1 6.6 24.5 -  

210 112 7.4 6.7 24.2 -  
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225 112 6.4 4.5 17.6 -  

240 112 10.5 5.2 23.5 2.24 

255 112 22.1 6.3 37.9 1.72 

270 112 29.8 7.1 47.6 1.60 

285 112 29.5 6.9 46.7 1.58 

300 112 32.7 8.2 53.2 1.63 

315 112 39.3 7.9 59.0 1.50 

330 112 41.6 7.6 60.6 1.46 

345 222 20.9 4.9 33.3 1.59 

̔ ֓ ṿ ̆ᵖ ṿ ̆ ᵖҌ └ᵬ ̆ Ȃ 

4. 4 Ⱶ ŀŀװ ҿᶡ 

4. 4.1 ⱬ  

ԍ ꜚⱬ ̂ ꜚⱬ ̃ ⱬ Ȃ ̆

ⱬ №ҹ҈ҩ№ץ ̆ № ̆ № ῍ № ̆ῒҬ № №

‰ № ̆ ץ ̆ ץ ῍ № ̂ ⱴ ⱬ̃

ⱬ ῏ [48]Ȃ 

ץ ҩ Tῤ ꜚⱬ ҹ№ ץ̆ ῤ ṿ

‰ ṿ ⱴ ⱬ ̆ ҩ ṿ ꜚⱬ Ȃ ԍ ѿ

ⱬ Ҋ῏ Ȃ 

̂1̃ T ῤ ‰ ̕ 

̂2̃ ꜚⱬ ̔ 

              ̂4- 17̃  

̂3 ץ̃ ṿ ֟ ┴ № ҹ ̆ ⱬ

̔ 

                      ̂4- 18̃  

ץ ̆ ⌠ nҩ ԍ ѿ ⱬ Ȃ׆ ₮ ̆

r ҍ ῀ꜚⱬ f ӊ ̆ ԍ ̆

ꜚⱬ ԍҌ ңҩ ↓̆ ⌠

ԋ ῏ Ȃ ̆ ₮ ⱬ ⱴ ӈ̆ ̔ 

                           ̂4- 19̃  

Ҭ̆nҹ ̆ ҹ iҩ ⱬ ⱴ ̆ԍ ̆

ⱬ ҹ̔ 

                       ̂ 4- 20̃  

̂4-20̃ ԍ Ҋ ’ ̆Ҍᵖ ԅ ῀ ԋӗ

̆ ғῒ ӈ ғ Ȃ 

4. 4.2  №  
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ⱬ ⱬ ΐ ᴇṿ ӈȂ 

ῗץ ҹ ṿ ҍ№ ̆ ̂ 4-2̃ 12 ҩ

ӈ̂ 4-3̃ Ȃ 80m̆ 30m̆ 17.5m̆ 1/4Ȃ

FLUENT ᴆ№≢ 12ҩ ᵬ Ҋ № Ȃῗ ₮ 0£ 30£

ңҩ Ҋ ᵣ № ̆ 4-4 ȂῒҬ҉Ҋ ῤץ

ҹ ̆ ‪ ӈҍ҉ Ȃ 

 

4- 2  

 

4- 3 ӈ 

 

 

 

 

̂ã 0£ ҉ ᵣ      (b) 30£ ҉ ᵣ  

 

 

 (c) 0£ Ҋ ᵣ       (d)  30£ Ҋ ᵣ  
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