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As shown in the right figure, two sufficiently large tanks open to the atmosphere are connected by a horizontal circular pipe with length [ and
inner diameter d. Let the heights from the center of the pipe to the water surface in the left and right tanks be h; and h,, respectively. Also, let
the pipe friction factor be A, the density of water be p, the viscosity of water be u, and the gravitational acceleration be g. Assume that losses at
the pipe inlet and outlet are negligible, and that the flow inside the pipe is fully developed with pressure uniform across each cross-section. Answer
the following questions. (25 points)
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Let x be the coordinate along the axis of the pipe. Express the pressure gradient dp/dx using [, d, hy, h,, p, i, and g.
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When the Reynolds number in the pipe is sufficiently large, the flow inside the pipe is turbulent, and the pipe friction factor is considered to be
constant regardless of the Reynolds number. Express the cross-sectional average flow velocity of water in the pipe, v, using [, d, hy, hy, A, and

g.
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When the Reynolds number in the pipe is sufficiently small, the flow inside the pipe is laminar, and the equation of motion for the flow in a
circular pipe is given by:

dp [1 d ( du)]

ax Mlrar r dr

Here, u(r) represents the velocity distribution, and 7 is the radial distance from the center of the pipe. In this case, express the volumetric
flow rate, Q, and the cross-sectional average velocity, v using [, d, hy, h,, p, u,and g.
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As shown in the figures on the right, a jet of fluid with absolute velocity V and cross-sectional area A impinges
to a flat plate at its center, and then the plate moves in the same direction as the jet at a speed u (note that u <
V7). The surface of the flat plate is perpendicular to the moving direction of the plate. Let the fluid density be p.
Neglecting the effects of gravity and flow losses, answer the following questions. (25 points)
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When the plate is sufficiently large compared to the cross-sectional area of the jet A, the jet flows away along

the plate, as shown in Figure (D. Express the force F acting on the flat plate using p, 4, V, and u. l
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Express the power L received by the flat plate in Figure ) using p, 4, V, and u.
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When the flat plate is not sufficiently large compared to the jet’s cross-sectional area as shown in Figure @),
the jet is assumed to flow away straightly at a certain angle 6 in the reference frame moving with the flat plate
at speed u. Express the force F' acting on the plate using p, A, V, 6, and u.
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