Name: Quiz: No. 4 Time: 20 minutes

ME:5160, Fall 2026

A fireboat draws seawater (SG = 1.025) from a reservoir and discharges it horizontally through a
nozzle 3.0 m above the water surface. The total friction head loss is 2.0 m, and the pump
efficiency is 75%. The nozzle inlet and exit diameters are 9 cm and 5 cm, respectively. The exit
velocity is 36.5 m/s, and the gage pressure at the nozzle inlet is 620 kPa. (a) Find the required
pump input power in kW. (b) Determine the horizontal force exerted by the water on the nozzle.

2.0 m
L D=15cm

Continuity equation: —(d/df)|cv p dV = |cs p(V-n) dA

Pwater = 1000 kg/m’

Momentum equation: XF = (d/dt)|cv pVdv + Jcs pV(V:n)dA

Energy Equation (for incompressible steady flow):
p  V p vV
E + 5 +z ) = E + 5 +z , + Reyrbine — hpump + hfriction

Hint: For part (a), use the reservoir free surface as point 1 and the nozzle outlet as point 2 in the
energy equation.

For part (b), use only the nozzle as the control volume.
Ppump = nghpump

Boump
ef ficiency

Pinput -
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Given: p = 1025kg/m® D, = 0.09m, D, = 0.05m,V, = 36.5m/s,p, = 620kPa(gage), hy =
2.0m,n =0.75,z; — zo = 3.0m

Solution:

(a) Required pump power
From continuity:
Q = AV, = [1(0.05)?/4](36.5) = 0.0717 m?/s +1
Energy equation:
p1/(pg) + Vi?/(2g) + z1 + hy, = p2/(pg) + V22 /(29) + z, + hy +1
p1 = p2=0(gage),V; = 0
hp =(z2—2z1) + sz/(ZQ) + hf +2
= 3.0 + (36.5)%/[2(9.81)] + 2.0 = 72.9m +0.5

Alternative solution: using a point 2.0 m below the free surface

Let point 1 be the free surface, point 2 be a point in the reservoir 2.0 m below the free surface, and
point 3 be the nozzle outlet.

Bernoulli equation (1 — 2):

pr VP pa V3
—t—+tz=—+—-+z
pg 29 ' pg 29
Vl = VZ =~
P9  PY
Energy equation (2 — 3):
2 2
D2 2 P3 V3
L+ 4z, +h,=—4+—"+2z3+h
pg 29 2P pg 29 7
P1 14 ps V2
—+z — gt otz thy =—+—+z3+h
p1 = ps = 0 (gage), V,~0
h —V32+ +h—(36'5)2+30+20—729
Y R L AR TCY-T) i N = eTm
Pump input power:
Pyump = pgQhy, = (1025)(9.81)(0.0717)(72.9) = 52.5 kW +0.5

Pinput = Bpump/m = 52.5/0.75 = 70.0 kW +0.5

(b) Horizontal force exerted by the water on the nozzle
Continuity:
AV = AV, +1
Vy=(Dy/D,)*V, = (0.05/0.09)%(36.5) = 11.27m/s  +0.5
m = pQ = (1025)(0.0717) = 73.46 kg/s +0.5
Momentum equation in the x direction:
JFy=mV;—Vy)
p1Ai + Fy = m(V, —Vq),p, = 0(gage) +2
A; = m(0.09)?/4 = 6.362 X 1073m?
(620000)(6.362 x 107®) + Fy, = 73.46(36.5 — 11.27)
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Fy = —2.09 kN +0.5
Fyater on nozzle = 2.09 kN to the right




   ( S G = 1 . 025 )


  3 . 0   m


  2 . 0   m


  75 %


  9  cm


  5  cm


  36 . 5  m/s


  620  kPa


    𝜌  w a t e r


     (   𝒑  𝝆 𝒈 +     𝑽  𝟐  𝟐 𝒈 + 𝒛 )  𝟏 =    (   𝒑  𝝆 𝒈 +     𝑽  𝟐  𝟐 𝒈 + 𝒛 )  𝟐 +   𝒉  𝒕 𝒖 𝒓 𝒃 𝒊 𝒏 𝒆 −   𝒉  𝒑 𝒖 𝒎 𝒑 +   𝒉  𝒇 𝒓 𝒊 𝒄 𝒕 𝒊 𝒐 𝒏


    P  p u m p = 𝜌 g Q  h  p u m p


    P  i n p u t =     P  p u m p  e f f i c i e n c y


    P  i n p u t =     P  p u m p  e f f i c i e n c y


  𝜌 = 1025 k g / m ³ , D ₁ = 0 . 09 m , D ₂ = 0 . 05 m , V ₂ = 36 . 5 m / s , p ₁ = 620 k P a  ( g a g e ) ,  h  f = 2 . 0 m , 𝜂 = 0 . 75 , z ₂ − z ₀ = 3 . 0 m


  Q = A ₂ V ₂ =  [ 𝜋  ( 0 . 05 ) ² / 4 ]  ( 36 . 5 ) = 0 . 0717   m ³ / s


    p 1 /  ( 𝜌 g ) +   V 1 ² /  ( 2 g ) +   z 1 + h ₚ = p ₂ /  ( 𝜌 g ) + V ₂ ² /  ( 2 g ) + z ₂ +  h  f


    p 1 = p ₂ = 0    ( g a g e ) ,   V 1 ≈ 0


  h ₚ =  ( z ₂ −   z 1 ) + V ₂ ² /  ( 2 g ) +  h  f


  = 3 . 0 +  ( 36 . 5 ) ² /  [ 2  ( 9 . 81 ) ] + 2 . 0 = 72 . 9   m


  2 . 0   m


   ( 1 → 2 ) :


      p 1  𝜌 g +     V 1 2  2 g +   z 1 =     p 2  𝜌 g +     V 2 2  2 g +   z 2


    V 1 ≈   V 2 ≈ 0


    V 1 ≈   V 2 ≈ 0


      p 2  𝜌 g =     p 1  𝜌 g +   z 1 −   z 2


      p 2  𝜌 g =     p 1  𝜌 g +   z 1 −   z 2


   ( 2 → 3 ) :


      p 2  𝜌 g +     V 2 2  2 g +   z 2 +  h  p =     p 3  𝜌 g +     V 3 2  2 g +   z 3 +  h  f


      p 1  𝜌 g +   z 1   −      z 2 +     V 2 2  2 g +    z 2 +  h  p =     p 3  𝜌 g +     V 3 2  2 g +   z 3 +  h  f


      p 1  𝜌 g +   z 1   −      z 2 +     V 2 2  2 g +    z 2 +  h  p =     p 3  𝜌 g +     V 3 2  2 g +   z 3 +  h  f


    p 1 =   p 3 = 0    ( gage ) ,       V 2 ≈ 0


    p 1 =   p 3 = 0    ( gage ) ,       V 2 ≈ 0


   h  p =     V 3 2  2 g +   z 3 −   z 1 +  h  f =      ( 36 . 5 ) 2  2  ( 9 . 81 ) + 3 . 0 + 2 . 0 = 72 . 9   m


   h  p =     V 3 2  2 g +   z 3 −   z 1 +  h  f =      ( 36 . 5 ) 2  2  ( 9 . 81 ) + 3 . 0 + 2 . 0 = 72 . 9   m


    P  p u m p = 𝜌 g Q h ₚ =  ( 1025 )  ( 9 . 81 )  ( 0 . 0717 )  ( 72 . 9 ) = 52 . 5   k W


    P  i n p u t =   P  p u m p / 𝜂 = 52 . 5 / 0 . 75 = 70 . 0   k W


  A ₁ V ₁ = A ₂ V ₂


  V ₁ =  ( D ₂ / D ₁ ) ² V ₂ =  ( 0 . 05 / 0 . 09 ) ²  ( 36 . 5 ) = 11 . 27   m / s


  ṁ = 𝜌 Q =  ( 1025 )  ( 0 . 0717 ) = 73 . 46   k g / s


  𝛴 F ₓ = ṁ  ( V ₂ − V ₁ )


  p ₁ A ₁ +   F  N = ṁ  ( V ₂ − V ₁ ) , p ₂ = 0  ( g a g e )


  A ₁ = 𝜋  ( 0 . 09 ) ² / 4 = 6 . 362 × 10 ⁻ ³ m ²


   ( 620000 )  ( 6 . 362 × 10 ⁻ ³ ) +   F  N = 73 . 46  ( 36 . 5 − 11 . 27 )


   ( 620000 )  ( 6 . 362 × 10 ⁻ ³ ) +   F  N = 73 . 46  ( 36 . 5 − 11 . 27 )


    F  N = − 2 . 09   k N


    F  w a t e r


  2 . 09   k N

