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1

2
ρv2 + ρgz + p = const. (1)

�Ý�Ø�Ó���6N��m�3��é$Ä�Ý�����Ê¢å§ü ¡Èþ�Ê¢å

��ÝFÝ¤�'§'~Xêη¡ÊÝ
F

S
= η

dv

dz
(2)

3Î�IXe§3²¡S6Ä�6N�î�Ê¢Aå©Ù

fθ(r) =
dFf
dS

= η(
1

r

∂vr
∂θ

+
∂vθ
∂r
− vθ

r
) (3)
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3.1 üüü���ººº~~~îîî���íííååå���������

Xã¤«§P�6�Ý����vω§î�º��v0§^=�Ý�ω0,�Ù�»�R§�íÊ

¢Xêη§@�EÙNC��í���6�Ý�EÙL¡:��Ý¤�'§=vω = AωR"�í

å�'§�í{å��$Ä��{åé�§¤±6��Ñ�í{å"EÙNC�í���Ý

v = v0 + vω

= v0 + (vωsinθi− vωcosθj)
= (v0 + Aω0Rsinθ)i− Aω0Rcosθj

(4)

v2 = v · v = v20 + A2ω2
0R

2 + 2Av0ω0Rsinθ

3�éEÙ·��ë�Xe*	§�í½~6Ä§dBernoulli�§§� ��θ?�Ør

p(θ) +
1

2
ρv2 = p0 +

1

2
ρv20

p(θ) = p0 −
1

2
ρA2ω2

0R
2 − ρAv0ω0Rsinθ (5)
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FM =

∮
S

pdσ

=

∫ l

0

dl

∫ 2π

0

Rsinθdθ(−pcosθi− psinθj)

=

∫ 2π

0

ρAv0ω0R
2lsin2θdθ

= ρπAv0ω0R
2l

(6)

3.2 üüü���ººº~~~���±±±===ÄÄÄéééAAA{{{åååÝÝÝ������999õõõÇÇÇ������

ÄkO�

f(r) = η(
dv

dr
− v

r
) =

dω

dr
(7)

dr�drS��í�ÉÜåÝ�"

f(r) · 2πrl · r = f(r + dr) · 2π(r + dr)l · (r + dr) (8)

f(r)r2 = C (9)

=
dω

dr
r3 = C (10)

¤±

ω(r) = a+
b

r3
(11)

qk>.^�

(ω, r) = (Aω0, R), (0,∞) (12)

��

ω = A
R2

r2
ω0 (13)

r?�Ê¢Aå��

f(r) = ηr
dω

dr
= −2Aηω0

R2

r2
(14)

º~^=�Ñ{åÝ

M = f(R) · 2πRl ·R = 4Aηπω0R
2l (15)

�±º~$Ä¤I�õÇ

P =Mω0 = 4Aηπω2
0R

2l (16)
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�	R�E����ºéDÚº~Jø�Äå§�~����E�Y�θ"b�~´f5

�§~éu�í�kR�~����^å§��~þ��íR�~����Ýü�0"

Fn =
dpn
dt

= ρSv0cosθ · vcosθ (17)

3E����©å=º~Jø�Äå

Fx = Fnsinθ = ρSv20cos
2θsinθ (18)

3θ = arcsin1/
√
3�Tå�����§=DÚº~�Äå

Ftrad = Fxm =
2

3
√
3
ρSv20 (19)

nþ§3ù�!¥§·���
EÙº~�±Jø�ÄåõÇ!�±EÙº~=Ä�Ñ{å¤

I�õÇ±9DÚº��±Jø�ÄåõÇ

Ptrad =
2

3
√
3
ρSv20u

Protor = ρπAuv0ω0R
2l

P ′rotor = 4Aηπω2
0R

2l

(20)

4 êêê���������

·��Xe��µEÙ�»R = 1.5m!EÙpÝh = 8m!DÚº~�¡ÈS = 50m2!

º�v0 = 10m/s!E�u = 20m/s!�í�Ýρ = 1kg/m3!�íÊÝη = 2 × 10−4Pa · s!X
êA ≈ 1"

DÚº~�EÙº~Jø�ÄåõÇ�'

Protor

Ptrad

=
3
√
3πAhR2ω0

2v0S
(21)

�±w�§�=�ω0 > 4rads§=´�80=/©�§EÙº~�±Jø���õÇ"ù´��'

�Ün�=�"

EÙº~Jø�ÄåõÇ��±=Ä¤I�õÇ�'

P

P ′f
=

ρuv0
4ηAω0

(22)

ù�'~�3104�m§���±EÙº~!�=Ä¤I�õÇ´A��±�Ñ�"3�1EÙ

º~�EÍ$ÄL§¥Ì��{åE,5gY"�ω0 = 20rad/s§=�400=/©§EÙº~UJ
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P = 200kW (23)
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