Florida International University
Department of Civil and Environmental Engineering

CWR 3201 Fluid Mechanics
Fall 2018
Instructor: Arturo S. Leon, Ph.D., P.E., D.WRE
TA: Thao Do, CEE Undergraduate
Homework Assignment 4 Solutions

Mechanics of Fluids (Fifth edition), by M.C. Potter, D.C. Wiggert and B.H. Ramadan.

1. 4.35 (same number in Fourth edition)
Continuity Equation: A,V; = A,V,
10m 0.003m

m(0.0252) (T) = (2m * 0.6 = 903V,

V, =683736m/s i7ems
10m

Mass flux: i = pAV = 1000 7 + 0.025% « (*) = 19.63 kg /s

3
Flow Rate: Q = AV = (2m * 0.6 * 0.03) * 6—1—786? =0.0196 "‘T

2. 4.52 (same number in Fourth edition) o

Maximum velocity is at the center of the tube in section 1: V5, = 10(4 — 0?)
40m/s

Average velocity at section 1: V; = % =20m/s

Conservation of mass: m,,, = m, + ms

kg

s
V3 =12.04m/s

3. 4.79 (same number in Fourth edition)

a) Across nozzle, continuity equation: 7 * 0.072 = V; = 7 * 0.0252 = V/,,

m _
1000 = 7 * 0.022 * 20? = 10—+ 1000 * T * 0.022 % 1,

Vz = 784‘V1
2 2 2_
Bernoulli: 2 + 22 =1 4 1 p, = 981022 1y2
2g v 2g v 2%9.81
For contraction: 7 * 0.072 * V; = m * 0.05% * I/,
V3 = 196V1
2 2
Bernoulli: = + B =4 4 11
29 v 29 v
Manometer: y * 0.15 + p; = 13.6y * 0.15 + p, % =12.6 * 0.15 + %
2 2 2 2
Sub all known values into Bernoulli: 2 +2 =2 4 PL. Y | 1264015 =2 =
29 v 29 v 2 29

1.962 v
96725

V, =3.612m/s
p1 = 394 kPa


Thao Do


Thao Do
0.003m

Thao Do
1.736 m/s

Thao Do
1.736

Thao Do


Thao Do



vé

. . Vi P
Reservoir surface to section 1: — + % +zy = i + 71 + 2z

2g
VZ
H=-1+2 = 408m
29 v
b) Follows same method as part a.
4. 4.82 (same number in Fourth edition)
V& . Po Vi p1
St —tzg=—t+—+z
29 vy 7 29 v 7
80000Pa Vi
—+4 =
9810 2%9.81
Vi =15.44m/s

Q = A;V; = m=0.025% * 19.04 = 0.0303 m3/s
Part b and c only have different diameters for the flow rate equation.
5. 3.54 (same number in Fourth edition)

2
Using Bernoulli’s Equation: V? = %, where the density of air at 3000 ft is 0.0021

slugs/ft’
in2
2(0.3 psi) * 144 ”21
V= Z_p_ 1/t = 203 ft/sec
| p | 0.0021slugs/ft3

Part b and c are the same steps but with different pressures.

6. 3.68 (same number in Fourth edition)
2 2
Bernoulli: Z—; + % = Z—Ig + %, where the pressure at point 2 is the open end of the
manometer so p; is equal to 0.

2
Manometer: p; + yz + yy,H —yH —yz = Izl—zg)/ + D2

2
Substitute Bernoulli into the manometer equation: p; + yy,H — yH = Z—; y +pq
2*
H=0.01 m: 2222 = (13.6)(9800) — (1)(9800) * 0.01
Vi, =1572m/s
2_y2 2_ 2
Plugging into Bernoulli: p; = VZngl = 202*91'85172 * 9800 = 198562 Pa

Other parts follow same solution
7. 13.9 (same number in Fourth edition)
a. Manometer: p; + ¥h = pa + ¥y * SGrymug * h = p; + (9810)(0.12)
p, +13.6(9810)(0.12)
p1 — pp = 14832.7 Pa



D, 6 s

D 12
Head loss h, — h, = = =1.51
ead loss nq 9 - 9810 m

Try Re = 10° - K ~ 1.0 (from graph 13.10)
3

m
Q = KAYZg(hy = hy) = (L.0)(/4 * 0.06%)/2(9.81)(151) = 0.0154 —
Check: V =% = 5#5m/s Re = X2 = E2001D _ 593954-
A v 0.658%10
K="otoKk

1.362 m/s 2.47 *10"5
Recalulate Q based on K=1.12, Q=0.0172 m/s. Another iteration will show that this guess is correct

b. Follows same procedure as part A except using curve for orifice on 13.10
3
graph: Q = 0.0096 ’"T

8. 4.123 (same number in Fourth edition)

FI
— F,’
‘ R\ —

X

Continuity: 0.7V; = 0.1V, vV, =7V,
Bernoulli (Energy): iy +B4ph = vi +24h,
2g Y 2g Y
Ve (7V1)?

2080 T2 = 2081

V, = 0.495,V, = 3.467 m/s
Momentum: F; — F, = Ry = 1(Voye — Vi) = 9810 % =2(0.7 % 1.5) — 9810
=2 (0.1%1.5) — R, = 1000(0.7 * 1.5)(0.495)(3.467 — 0.495)
R, = 1987 N

+ 0.1


Thao Do
1.362 m/s

Thao Do


Thao Do


Thao Do


Thao Do
2.47 *10^5

Thao Do


Thao Do
Recalulate Q based on K=1.12, Q=0.0172 m/s. Another iteration will show that this guess is correct


9. 4.131 (same number in Fourth edition)

l P2A;

PA;
—

Mass flow rates: ri; = pV;A; = 1000 * (15) * G * 0.22) =471kg/s

I
1y, = pV,A, = 1000 * (5) * (Z . 0.452) = 795kg/s
Tfl3 = Thl +m2 = 1266 kg/S
v = o5g
3= a2 m/s
Conservation of momentum in the x: p;4; -p3A3 cos40 — R, = m3V; cos40 —
Solving for R,, = = -16495 N =i
Conservation of momentum in y: R, — p,A, + p3Asz sin40 = m3(—V; sin40) —
My (=V2)
Solving for R), = -=-17612.92 N

10. 4.164 (same number in Fourth edition)
m 4kg/s

Velocity through the nozzle: V, = i W =19.89m/s
03 ~
Mlnertiaf r X (2QXV)pd Volume = 4[ rixX(—2Q kxVi)pAdr
cv 0

0.3
= 8pAVQk f rdr = —0.36pAVQk
0

Sum of the moments must equal zero
For steady flow: X M — (M;); = [ (rxV)V - ipAd = 0.31x(0.707V,] +
0.707V,k)V,pA


Thao Do


Thao Do
V3

Thao Do
-p3A3

Thao Do


Thao Do


Thao Do
-16495 N

Thao Do


Thao Do
-17612.92 N


Solving for —(M,),; = 0.36pAVQ = 4 (0.3 * 0.707V,A.p
Continuity: AV =V, A,
0.36Q = 4 % (0.707 = 0.3)(19.89)
QA =469rad/s



