ENGINEERING 4020
MARINE FLUID DYNAMICS

QUIZ #2

Give a TRUE or FALSE answer to each of the following
statements and briefly explain each answer: (1) lubrication
flows are turbulent (2) boundary layers have a sharp outer
edge (3) the circulation around a foil 1is caused by a
doublet (4) a potential vortex is very vwviscous (5) head
losses are governed by the Bernoulli Equation. [20] [BONUS:

Identify formulas for each case on the formula sheets.]

State the conservation laws for fluid flows. Identify the
integral forms of the laws on the formula sheets. Identify
the stream tube forms of the laws on the formula sheets.

Outline the derivation of each stream tube law. [20]

The general menu for the CFD software FLOW-3D is attached.
Outline the function of each of the submenus at the top of
this menu. Where appropriate use sketches to illustrate

your answer. Explain briefly how FLOW-3D works. [20]

A certain pump moves cooling water through a closed pipe on
a ship at 60 GPM. The overall length of the pipe is 25m.
Its diameter is 5cm. It has sixty 180° bends and one globe
valve. How would you get the demand curve for the system?
How you would get the pump power? How would you determine

the type of pump? What would NPSH tell you? [40]
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fominal Loss Coefficiants K (Turbulent Flow)y®

Type of fitting Screwed Flargad
Digrnater 1in. 2in. 4in. 2in, 4in. Gin
Gilobe valve {fully open} B2 59 .7 a5 5.0 5.8
thalf apanl 20 17 14 21 1153 14
fong-guarer open) 57 43 40 &0 a2 41
Angle valve (fully gpen: 4.7 2.0 1.0 2.4 2.0 2.0
Swing check valve (fully open) 28 - - 21 - 20 . 20 2.0 2.0
Gate valve (fully open) 024 0,18 .11 Q.35 016G 0.07
Return band 1.5 45 4 038 230 0.25
Tee {branch} 1.8 1.4 1.1 Q.80 .54 £.58
Tee {ling} 0.5 05 0.9 0.1% o4 014
Standard elbow 1.5 0.85 .64 0.3 030 .26
Long sweep élbow 0.72 0.41 0.23 0.30 .19 018
45° elbow 032 0.30 (.29
Squarg-edqed entrance % — 2.0
Reantrant entrance —I—‘_"" 0.8
Woll-rounded entrance r'_ - 0.03
Fipe exit 1.0
Area ratio
Sudden contraction® 21 0.25
—_ 5:1 0.41
N e 1001 0,446
Area ratio AfA,
Orifice: plate 1.5:1 0.ED
21 3.4
— _
e - 4'11 29
—l A 2
= 61 2 ?E(— - E)
Ay
Sudden enlargamgnt® — (1 us i)z
4 g Ay
a0° miter bend {withput vanes) 7 | 1.1
fwith vanes) :ﬁl 0.2
General contraction {307 included angle} 0.2
{707 included anglal Q.

2] —

)

" luas for Gther geometrios 80 ke found in Testtaical Paper 470 The Crang Company, 1957,

*Bacad an sxli walesity ¥,
1Based on antranca velodind V.
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D/Dt | p dv - Jop/ot v + [pwv.nds = 0
Y Y S
D/Dt | pv AV = [ 6pv/ot av + | pv v.n ds
\Y \Y S
= [ o ds + [ cb dv
S \Y
D/Dt | pe av = [ 6pe/ot av + | pe v.n ds
\Y \Y S

= —fq.ndS + [ v.o ds
S S



2[pCAlour — 2[PCAly = O

ZMOUT_ZMINZO

Z[DVCA] ouT ~ Z[DVCA] IN

= - X[PAn]oyr - X[PAn]ry + R

> [M (C*/2 + gz)lomr - 2 [

- 2 [PAClouyr + X2I[PACI:

> [Mghlosr - X [Mgh]y

M

N

- > PAn,

= - XPAn,

= - Y PAn,

(C%/2 +

+ 2T

h = C*/2g + P/pg + z
hoyr - hiy = ho - hy,



C2/2g + P/pg + z = K

c?/2 + P/p + gz = K
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X = A [P/pg + z]

Y = [fL/D + XK]/[2gA?]

N = [N Vol/[E¥%]

NPSH = Ps/pg + C<Cs/2g - P./pg

d = (P,-Py)/pg - hy - NPSH

P=A [T w] = A [pQ Ve R o]

P =pg HQ



0U/0x + O0V/Oy + OW/0z = O

O0P/0x = u 0°U/0z?
oP/dy = n 0°V/0z*

0 = u 0°W/0z?

pI'S I'= 4nSR Sinxk
K =0+¢ ge=tan ' [m/ (n+a) ]
a = \/[Rz—mz] - n

o = x + [xaz/(x2+y2)]

B =y - [ya®/ (x*+y")]

8 U § =1 (1-u/u)dy 8 =15

[ v/u(1-u/U)dy 0 =78

he)
qN
©)
©)
[

u/u = (y/8) " T = C pU?/ (US/v)/k
D/b = p U°0 1 = d[D/b]/dx = pU’ dO/dx
D = M bL Ry /™ pU? W=CB pu?/2

P=[D+W]U



