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Chapter 1

1.1 0.211 MJ, 231 kW, 15.0 m/sec

1.3 1.00 Btu, 0.88 ft*, 120 hp

1.5 8.08 slugs, 117.9 kg, 1.93 m

1.7 29.1 ft/sec?

1.9 puslug

1.11 psec

1.13 4.85 Pa

1.15 d/l,, s, = 413, yes

1.17 5.1 years

1.19 2.31 - 10® molecules

1.21 py,/pa = 904

1.23 CHy: 0.71 Ib, He: 0.18 Ib

1.25 241 kPa

1.27 28.96 slug/slug-mole

1.29 519.6 J/(kg-K), 0.3% larger than the tabulated value
1.31 2770 ft-1b/(slug-°R)

1.33 CO,: 1.52, He: 0.14, Hs: 0.07, CHg: 0.55, Na: 0.97, Oq: 1.10
1.35 SG =1.014

1.37 Air: 0.0753 1b/ft®>, Water: 62.4 1b/ft?

139 ¢, =R/(y—1), ¢, =7R/(y—1)

1.41 (a) 13.0 kPa, (b) 51°C

1.43 0.27 atm

1.45 (a) 2.36 m, (b) 41.9°C

1.47 He: 0.0005 MPa, Hg: 143 MPa, H50O: 10.8 MPa
1.49 Air: 0.049 atm, Ether: 302 atm, Glycerin: 2228 atm
1.51 Ap/p = 0.228

1.53 —0.02 liter

1.55 (a) 7 = [n(p + 3040p,)] ™%, (b) n =7.00

1.57 0 = 0.0045 1b/ft and 7" = 140° F

1.59 D,/D,, = 1.24 (24% larger in air)

1.61 Apy,/Apy,o = 4.26

1.63 Ah = —0.082 in

1.65 Ah = 50 cos ¢/(2pgd)

1.67 (a) Ah =20 /(pgr) + (o — pb)/(pg); (b) Pp/Pa =3



1.69 Ahy/Ahy = 0.856

171 5(z) = \Jo/(pg) cot pe™V#/7%, h = /a/(pg) cot ¢
1.73 (a) pa + 1pgs
(b) Atmospheric pressure from above, —p,s?, Pressure from below, p,s? + % pgs®
Weight of the Cube, —% pgs®, Surface-tension force, 40s

(©) s =4/0/(pg)

1.75 (a) 7, = pU. /6 (b) 1w = mul/(20) (c) Ty = 3uU./(20)

1.77 p, = 2.12-1077, w = 0.65

1.79 Water: dv/dT <0, Air: dv/dT >0

1.81 (a) o = 0.12/(du/dy)""? (b) pe/ e ~= 120/ (du/dy)*/?

1.83 1 =1U, 1?2 =iU?

1.85 (a) p = 7.50 - 10~* slug/(ft-sec) (b) paz = 1.80 slug/ft3

1.87 (a) p = mu/3

1.89 dU/dt = g — 2wrlugU/[W(R — )], U— W(R —r)/(2mrlw)
Water: 230 ft/sec (not valid), SAE 10W Oil: 6.48 ft/sec (valid),
Glycerin: 0.154 ft/sec (valid)

191 y = MAd/(rLUD) = 9.66 - 10~* kg/(m-sec)

1.93 Re;, = 0.03, Couette flow is valid

1.95 (M + m)dU/dt + pAU/h = mg, U— mgh/(nA)

1.97 dU/dt = gsina — pU/(phs), U — pghssina/p = 37.6 ft/sec

1.99 (M, + My)dU/dt = (v/3My — My)g/2 — u(s?/hy + s3/hy)U

1.101 (a) Q = m(p1 — p2)R*/(8uL) (b) 0.94 sec

1.103 (a) u,, = 1.58 ft/sec (b) Rep = 1121 (c) F = —4.53-1073 b

1.105 ¢; = 4/ Rey,

1.107 172 = 12,
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Chapter 2

29 [k]=ML/(T?0)

2110 =L

2.13 Uhull = 243\/5

2.15 C is dimensionless

2.17 [x] = LY3/T

2.27 w,, = constant - R*(dp/dz)/u
2.29 v; = constant - k/w

2.31 5 = constant - (v%/e)'/*

2.33 u,,(x) = constant - y/J/z
2.35 ¢ = constant - /o /(pA)
2.37 Mo = gu*/(po?)

2.39 La = opR/u?
2.41 2: Ah/VA, o/(pgA)



2.43 2: p'PR/MYV3, p3M?3g/o
2452: pUD/u, pU?D/o

247 2: ¢/(RT), hv/(kT)

249 2: UR/v, R/R

2.51 2: [pc,/(gk)*Pc, AT, cpu/k
253 Ap = p Q2D (Q/[2D")
2.552: Fu2o?/p, p,ocUL

2.57 2: D*(dp/dz)/(pU), pUD/u
259 T = pQ32d° f(Q/[d3))

2.61 3: F/(pU?l), pUl/pu, gt/U?
2.633: Ulur, vy/ur, puks/p
2.653: Ap/(wu), £/D, ¢/D
2.67 3: WF/(pU*), Qjw, wL/U

2.69 3: AT/T, cou/k, U/\JeyTn

2.713: D/(uQL), pUL/p, QLJU

2.73 3: Q5F/(pg?), QU/g, Q%4/g

2.75 (a) 3 (b) F/(pU?d?), Qd/U, pUd/u (c) St =Qd/U
2.77 4: pU.D/p, d/D, py/p, p*gD?/u?

2.79 4: W?P/(pU®), Ula, wD/U, pUD/u

2.81 4: Ahg/d, Q/(Nd®), v/(Nd?), g/(N?d)

2834: T, /T, cp/co, Ula, a/\/c,T

285U, /U, =6

2.87 (a) U,, = 140 ft/sec (b) M, = 0.188, M,,, = 0.029

289 L,, =3.30 ft, U,, = 18.17 ft/sec

291 U,, = 630 mph, p,, = 3.95 atm

2.93 (b) U, = 55 ft/sec, F, =1751b

2.95 (a) U,,, = 8000 mph (b) 7},.. = 5380° R, model vaporized
2.97 (a) U, = 87.4 m/sec (b) M,, = 0.239

2.99 (b) U,, = 84 knots

2.101 (a) 3: pLF/u?, t/L, pUL/u (b) U, =1 m/sec (c) F, = 5000 N/m
2.103 (a) R/(pgL?), U/\/gL (b) U, =15 knots, R, = 93750 Ib
2.105 (a) phU/T, w/h, £/h (b) Upn/U, = pip/ tim

2.107 (a) F/(WUR), /R, {/R (b) U, = U,

2.109 (a) Ut/h, Uh/v (b) 1, =1 sec

Chapter 3

3.1 p, = 2405 kg/m?

3.3 p=195 kPa

3.5 p=1252 kg/m?

37 p = [(a+ Dpa + $pag2)7%/ (0 + Vpa]!/® — ap,
3.9 p=p.+28pgh



311 h=8.1Tm

3.13 450 m

315 p=0.303 atm, T = —44°C
317 p=2.44psi, T = —69.7°F
3.19 Power = 256 hp

321 a=(y—-1)g/(vR)

3.23 5= 0.15p
3.25 W = 7865 Ib
327 Az =10 ft

3.29 (a) p1 — p2 = (p2h2 — prh1 — pu,N)g (b) p1 — p2 = —8.9 kPa

331 Az=1.14m

3.33 P = pa + 29.94pgh

335 ¢ =39.9°

337 (a) h = (p1 — p2)/(gAp) (D) hxerosene = 48.9 mm, hy,, = 15.1 mm
3.41 I = 57R*/2

3.43 H = 3h/2
3.45 h, = 11h/24
347 h=H/3

3.49 2,,(R)/2,(0) = 17/10
3.51 F), = (2 — z¢/L)pgzA (a) F), = BrpgLl?® (b) F, = pgL?
3.53 (1+ ¢)(h/H)2(4— h/H) = 3
3.55 F, = ZpgR®
3.57 F' = 141 tons, h, = 8 ft
3.59 h =2.18s
3.61 F = pgh®(3i + 4K), 2, = 2h/3
3.63 F = —2pgh®(18i — 23K), 2., = 2h
3.65 F = 1.25pgh?(2i + 1K), 2., = 2h/3
3.67 F = 3pgH?3(i + k)
3.69 po/p1 =2, F, = —pigH?/6
3.71 F = —3.5pgH?(i + k)
3.73 (a) F = —pgl®[3i + (4 + 7)K]
(b) 20 = 140/9
() Tep = 104/[3(4 + )]
3.75 Fyuoy = 0.25pgV
3.77 V = 1839 cm?, p = 2828 kg/m?
3.79 35 cm?
3.81 29% gold
383 /=1.95L
3.85 717 = 3.67 kN
3.87 F = 2pgH?3i
3.89 F = 1.437p,gh®, z = 0.696h
3.91 Weight = (1 + 27)pgR*L, Force = 1pgR*L
3.93 F = (3/16)pgD*w(2i — k)
3.95 p, — 0.42p



3.97 (a) F, = 16pgh? (to the right), Fr = 16pgh® (to the left), T = 2pgl? (to the right)
(b) Fs = 2pgh® — pgt®

3.99 (a) Ff, = 6pgh® (to the right), Fr = 6pgh® (to the left), T' = 3pgl® (to the right)
(b) Fs = zpgh® — 2pgl?

3.101 N =4/3

3.103 p, = %p

3.105 p. = 5p

3107 (a) F, =T — gng3 (b) Fy = —f—zgong?’, T = %ng3 c)Ax=14

Chapter 4

41 a=0
4.3 Unsteady: Ou/0t = —7 U, — (z/7)]e /"
Convective: udu/dx = —7 U, — (z/7)]e 2"

Total: a = —7 YU, — (x/7)](1 + e ¥/)e /7
45 (a)a= (A+ A (zi+yj) (b)a=(A+24%2)2%i—(A—24%)1%
47 (a)a = (2U%2%/H")(zxi+3yj+62k) (b)a= (U?/H?)(4zi+9yj+ zK)
49 a=0
411 a=Ui+ A" (zU + U?)j)
413 a= (U/H)*(zi+ yj)
4.15 (a) a= —TI'?/(4n%r3) e, (b) a= —D?/(2r%*r")e,
417 z = L[(1 + z,/L)eV"t — 1], y = y,e V¥
4.19 r = 2,62V Ej 4 y, e~ 2B}

421 r = /r2+Qt/m, =40,

423 r=r,, 0=0,+Qt

425 (@) w =0 (b) w = (du,/dr — du,/dy)k (c) w = —(U/§)e ¥k
4.27 w = 0 for all values of A

4.29 (a) and (b) V x u # 0 = rotational

4.31 (a), (b) and (c) w =0

4.33 w=(—2zsinfe,+3z cos feyg+rsin OKk) /r?

435 a=Uy/(2v/mvt3/?) exp [-y?/(4vt)li, w = (U/v/7vt)exp [—y?/(4vt)]k
4377 = 8QHL +# 0

44T =-UL*/H

4.43 y?> — 22 = constant

4.45 y/x = constant

4.47 2y = constant

4.49 7/ cos® § = constant

4.51 (r — R*/r)sin = constant

4.53 (a) y — k7 'sin [k(z — Ut)] = constant (b) y = (x — z,) cos(kx,)
4.55 = 8np Upaeh®/(n + 1), My /1=y = 7/4

457 m =2pUA

4.59 P, = —0.25p U2h?



4.61 m =0

4.63 dN/dt = —0.1 person/sec

4.65 6.0 ft/sec

4.67 AN/dt = —N,,p —nUA

4.69 dN;pyer/dt = —0.2pUA

4.71 dN./dt = —dN,/dt — (U,A, + U.A.)/V

Chapter 5

5.1 (a) u(r,0,2) = f(0,2)/r (b) un(R,0,0) = g(0,¢)/R?
53 p(z) = pa(l+z/2,)7", =32z,

5.5 u(z,t) =u, — (pa/p— /T

5.7 No, Yes

5.9 Yes, Yes

5.11 Yes, No

513 A = —1, w is arbitrary

5.15 v(z,y) = +C(2* — y?) + constant

517 u(z,y) = —Dy/(x* + y*) + constant

5.19 Yes, Yes

5.21 wy(r,0) = 3Ar? cos 6 + constant /r

5.23 p(z,y, z,t) = —pgz + f(t)

525 p(x,y,2,t) = (pUy/7)e™"7 + f(t)

5.27 (a) Yes (b) Yes (¢) p(z,y) = pr — 1pA%(2? + y?)

529 0, = Ly — 20212/g, by = Ly + L0212/g

5.31 A =0.57

533 Q = 2/gh/R

5.35 hppin = h — Q*R?/(49), hmaz = b+ Q2R?/(49)

5.37 Prazr = Pa + pghcosa at z =0

5.39 ) has opposite sign for observers at the north and south poles
5.41 h, = h —al/(29)

5.43 U, = 3 m/sec

5.45 PB — Pc = 24 kPa

547 Ou/dt+u-Vu=—-Vp/p— QX QXr—20xu—QUti+2QUj, Not invariant
549 p — p, = 3p(2gh — U?) = 37.57 kPa

5.51 py, = py + 1.25pgh = 2.21 atm, U = 21.0 m/sec

5.53 py — py = 0.25 psi

5.55 U = 3.58 ft/sec, Ap = —1.07-107* psi

5.57 70 mph: p,,.. = 1.006 atm, 200 mph: p,,.. = 1.048 atm
5.59 pi — po = 2pgh — 3p U? = 367 psf

5.61 (a) U=+/2gh1, pmin=pa—pg(hi+hs) (b) U = 8.86 m/sec, pmin = 0.223 atm
5.63 d = D[1 + m2p?gD*(¢ — 2)/(8m?)] /4

5.65 p, = 1739 psf, U = 468 ft/sec

5.67 Qpin = 0.046 m3/sec



Chapter 6

6.1 Easy: n=1icos¢ —jsing, u-n="U,
[f pu(u-n)dA = pU?Acos¢, [[pv(u-n)dA = —pU?Asing¢
Hard: n=1i, wu-n = U cos¢,
[ pu(u-n)dA = pU?Acos¢, [[pv(u-n)dA=—pU?Asing¢
6.3 n; = —i, my=1v2(i+j), n3=1(v3i—})
u;-n; = —Ul, Us * Ny = Ug, Ug - Nz = U3
u -mA; = —3nUd?, uy-mpdy = 7lUpd?, ug-ng = 3wUsd?
F = (1.824i — 0.312j)rd?Ap
6.5 Inlet: A =4h? n= —icosf—jsinf, u-n=-U, u-nA=—4h?U
Outlet: A =4h%csc3, n=j, u-n="Usinf, u-nA=4h*U
6.7 Inlet: n= —i, u-n=—-U, [[pu(u-n)dA=—15pU*H?, [[pv(u-n)dA =0
Upper Outlet: n =j, u-n=3U, [fpu(u-n)dA=0, [[pv(u-n)dA=2LpU?H?

Lower Outlet: n = —j, w-n=2U, [[pu(u-n)dA =0, [fpu(u-n)dA=—-2pU?H?

69 F=—-1ip,Ai
6.11 o = (100 — 2253)/64; for 3 = 3/5, fluid enters Outlet B with speed 22U
6.13 dh/dt=—0.06U(d/D)?, the tank is emptying
6.15 U = 1.0 m/sec, u = 11.2 m/sec
6.17 U, = 3U/16
6.19 U, = 8U,/3
6.21 V = —6U
6.23 u,,, = 1.04 Uk for an observer on the sphere
6.25 A, = A/10
6.27 D = 0.208H
6.29 dh/dt = —U/100
631U, =1Ur/t
6.33 (b) p. = 80532 psf
6.35 z = 76.4d
6.37 0 = ia
6.39 dM/dt = —2.95p,V,r,h
6.41 v, = 1.5U,
6.43 py —py = §—§9U2
6.45 (a) (U, — Uy)H =2Vh
(b) (U2 — U}) — (hV?/H)cos ¢ = (p1 — p2)/p
6.47 U; = 0.32U, (ps —p1) = 0.035(pa — pa) + 0.135p U?
6.49 ¢ = sin"*(1/3) = 19.5°, Ap = 0.707p U?
6.51 F = 0.25mp(U; — U)*d*i, |F|=11.3N
6.53 F = 0.18mp U2d%i
6.55 7 = 1—16D, F = inpU?D?i



6.57 Solution 1: V = 0.25U;, U, = 0.625U;, F, = —0.027pU2A
Solution 2: V' = 0.75U;, U, = —0.125U;, F, = —0.244p UZA

659V =3U, Ap=3pU? R,=—2pU?Acos¢

6.61 Ap = —0.48pU?

6.63 ¢ — 18.4°

6.65 Uy = U/3

6.67 U, = 4.36 U,

6.69 U, = 1U;, R,/R, =5/(2+ 5cos¢)

6.71 R = —m[(U; + Uy cos B)i — Uy sin 3]

6.73 V =4U, R=7pUd*(V2i+j+Kk)/V2

6.75V = U, F=11pU?A[(16/55 + cos )i+ (2/11 — sin @)]]

6.77 F = 1.17p U?*d?%i

6.79 R = —0.54mp U? A

6.81 Ap = —0.44p U>

6.83 R = 1.125mp U2 D?i

6.85 (a) V = y2gh (b) F = lupghd®i (c) h = 428d

6.87 F = pU?A[(1 + 2.5cos¢)i — (1 — 2.5sin ¢) j]

6.89 F = LrpV2D%(—3i+ 2j)

6.91 () v = 2U (b) U = 2,/gh/3

6.93 Ap = 0.079p U2, Bernoulli’s equation is not satisfied

6.95 U; = 5U, Ap, = 12pU?, Ap, = 12.18pU?, F = 24.82p U2 Ai

6.97 (a) Fyay = —pU?Hsingj (b) Uy = L(H/h — cos $)U, Uy = 1(H/h + cos p)U

(c) Uy = Us as required by symmetry

6.99 (a) Mg = tmpW?d2(1 — 39h/W? — /1 — 2gh/W?cos ¢) (b) Mg = 0.467 kN

6.101 (a) Mg = LrpW2d2(1 + /T — 290/ W?) (b) Mg = 6.18 kN

6.103 F = —LrpU2(D? — d?)(1 + sin ¢) i

6.105 p; — po = }—Ep U3,

6.107 (a) R, = —0.7197pU%D? (b) R, = —1.052mpU%D? (46% larger)

6.109 K = U

6.113 v,y = 2U, O, = —3

6.115 (a) dM/dt + pu.A =0, d(MU)/dt + p(U — ue)ucA = —psMg
(b) U(t) - ue£n<M0/M) - /l'sgt

6.117 M(t) = Mo exp(— V peAe Pt)a V:s(t) - V:so

6.119 (a) dM/dt + irpucd® =0, d(MU)/dt + pe(U — ue)(3mued?) = —p U2 AC,
(¢) U = 3.38 knots

6.121 (a) dm/dt = p(U; — U)A, mdU/dt = p(U; — U)?A — pmyg
(b) mdU/dm =U; —U (c) U(t) = LU,

5

Chapter 7

71 (@) n=122 (b) W =—2544-10°7 (c) Q = —1.145-10° J
73 T, =59.8°C, W, =3.01 MJ



7.5 s = —RInp + constant
7.7 15 =1/(7p), smaller than the isothermal value by a factor of 1/~

7.13 R = —2y/mW,i
715 P = 1[c, AT + 3p/p — 2m?/(n?p*d*)]
717 uy = 83.3 m/sec, T, = 18.5°C
719 Ty = 19.5°C
7.21 Q = 240 Btu/sec, No
7.23 a1 — g = 0.04
725 a=(n+1)3/Bn+1), a=1.059,1.045,1.036 for n = %, %,%
7.27 h, = 0.07U%/(29)
7.29 (a) Laminar, f = 0.032 (b) Turbulent, f = 0.026 (c) ks/D =~ 0.006
7.31 Glass: f=0.0090, h, =31.7m
Wrought iron: f = 0.0137, h, = 48.3 m
Cast iron: f=0.0199, h, =70.1 m
7.33 w = 4.48 ft/sec
7.35 Laminar: h, = 0.38 in, Turbulent: h;, = 6.23 in
7.37 (2) T = \/2(p. — p)/[p(1 — fL/D)] (b) T ="T,/\/1— fL/D (c) L/D = 3.02
7.39 Uy = 4U, h, =9.5U%/g
7.41 2gh, /U? = 2.29Az/U? — 1.05 = 0.52
743 h, = 2Az+ 1.75U% /g = 12.42 m
745 h, = Az + 1600m?/(72p*gD*)
7.47 W, = 0.8151mgH

7.49 Fr, =1/3
7.51 W, = SimgH = 8385 kW
7.53 h = 1.36d

755 D, = (1—«a)D
7.57 (a) f = 1.25gD/U? —0.012 (b) k, = 0.0002D
7.59 (a) D = 0.01056L/(2gAz/U* — 1) (b) D =9.0 cm
(¢) D =0.01056L/(2gAz/U? — 1.3848), D =9.1 cm
7.61 h, = 0.75u2/(2g)
7.63 U = 2./gL
7.65 gh,/U? = 9044,224, 28,9
7.67 (b) u; = 7.45 ft/sec, Uy, = 6.72 ft/sec w3 = 5.64 ft/sec
(¢c) Rep, =1.15-10°, Rep, =1.56-10° Re,, = 1.74-10°
7.69 Re, = 3.21-107
7.71 P1— P2 = 1018 kPa
773 W = 2\/gH
7.75 The company will earn 1 cent/kilowatt-hour and, if well managed, will be profitable.
7.77 Chézy-Manning: u = 8.73 ft/sec, Colebrook: w = 8.54 ft/sec
7.79 n = 0.033
7.81 Brickwork: ) = 46.1 m3/sec, F'r = 0.70 Stony: Q = 19.7 m3/sec, F'r = 0.30
7.83 Fr =0.138
7.85 (b) A = 9>, o = 45°
7.87 uw = 2 ft/sec, y =19.3 in



7.89 U, = 8.86 m/sec, Ugpwn = 17.72 m/sec

791 UAt/ =2Fr?/(1 — Fr?), At —ooas Fr — 1
7.93 F'ry = 0.042

7.95 y. = 4.82 ft, S, =0.0132, 6. = 0.75°

7.97 Supercritical, E/FE,,;, = 1.52

7.99 (a) To = 1/29/ (o + v1)> T = yoy/29/ (Yo + 1) Fr1 = y0y/29/[v1 (%0 + )]

(b) Fry =2.26 (c) y2 = 8.20 ft
7.101 y, = 6.79 ft, Fr; = 2.51, Fry =046, w, = 21.10 ft/sec, Uy = 6.84 ft/sec
7.103 y, = 1.68 m, h, =49 cm

Chapter 8

8.1 Air: U =982 km/hr, Water: U = 4266 km/hr
8.3 (a) M = 1.16, transonic (b) M = 0.24, incompressible (c) M = 2.02, supersonic
(d) M = 0.95, transonic (e) M = 5.24, hypersonic
85 U,, =919 ft/sec, Up.no.r = 903 ft/sec, Faster in Los Angeles
87 T,=51°F
8.9 (a) y=1.343,1.323,1.290,1.286 (b) T = 365° C
8.11 a/a, = 0.08,0.06,0.05
8.13 M = 0.029,0.148,0.298
8.15 Air: p; = 364 kPa, T; = 136° C Methane: p; = 243 kPa, T} = 81°C
8.17 Air: T = —416°F, Helium: T = —433°F
8.19 p; = 4.25 atm, U = 447 m/sec
821 p,/ps =4291, T,/Ts =2.927, T;,/Tis =1
8.23 (a) M, = 0.288, AT/T,, = —1.6% (b) M., = 0.576, AT/T, = —6.4%
8.25 (a) M = 0.571 (b) M =0.958 (c) M = 0.257
8.27 (a) Helium (b) T'=28°C (c) p =72 kPa
829 M =3
8.31 (a) uy = 887 m/sec (b) po = 474 kPa (c) po = 397 kPa
8.33 M, = /13 = 3.6
8.35 Air: My = 0.475, Ty, = 1540° R, py = 217 psi
He: M, = 0.522, Tyo = 2200° R, ps = 231 psi
8.37 p, = 79.0 kPa
8.39 M, =1.32
8.41 Air: M, =1.5,T7; =0°C He: M; =1.55, T} = —40°C
8.43 Air: p; = 1.49 atm CO,: p; = 1.46 atm
8.45 M2 = [1+ 3(y — )MZ|/[yM3 - 4(v— 1))
8.47 M, = 1.0000,0.9474,0.8888,0.7483 Error = 0%, 0.6%, 2.5%,11.1%
8.53 Ainroat = 20 cm?
8.55 p*/p; = 0.544
8.57 p*/p; = 0.487
8.59 p, = 308 kPa



8.61 Yes, because the nozzle is overexpanded

8.63 M, =0.271

8.65 M, =0.112

8.69 A/A* = §[2(2y — 1)/(v + 1)]OFD/EO-)
AJA* - oo fory — 1, A/A* — 1 for v — oo

8.71 M = 0.57 or M = 2.02

8.73 Cadillac: Error = —0.2% SST: Error = —80%

8.75 My =3.53, T, =27°C, p; = 221 kPa

8.77 M3 = 0.22

8.79 (b) U, = 18906 ft/sec

8.81 (b) p; = 128 kPa, M, =0.595 (c¢) FF =298 N

8.83 M22 = 1/M129 P2/p1 - M129 p2/p1 - M129 T2/T1 =1

Chapter 9

9.1 (a) P =mQ(w.cosp— Q) (b) w. =20 m/sec (c) ¢ = 60°
9.3 3y = tan"![(ry/ry)? tan (3]
9.5 (b) po — p1 = 306 kPa
9.9 Q = 4070 gal/min, W, = 612 hp
9.11 (a) Q = 151.9 ft*/sec, W, =2.41 hp (b) oy = 67.7°
9.13 Q = 29.45 ft*/sec, W, = 855 hp
9.15 Q = 48.4 ft*/sec, W, = 18.3 hp
917 5, =6.9°, [y = 3.4°
9.19 Water: h, = 5/6 ft, Air: h, = 691 ft, Helium: h, = 5005 ft
9.21 [N,] = L3*/T?/2, N, = 2733N,
9.23 ), < Q < 5Q,
9.25 Q* = 1960 gal/min, 7, = 0.81
9.27 (a) By = 127°, 79 =5.00 in, by = 1.00 in
9.29 NPSH = (p, — p,)/(pg) — LH
20° C: no cavitation
70° C: cavitation
9.31 Hmax = %(pa _pv>/<pg)
9.33 Cyp+ = 0.0148, Cy+ =0.151, Cp- = 0.00254, 7, = 0.88, Ny = 0.50
9.35 Qyin = 1549 rpm
9.37 Cy+ = 0.200, Cy+ =0.0789, Cp- =0.0208, 7, = 0.76, N, = 3.0
9.39 1, = 0.76
9.41 N, = 0.084, Single-jet Pelton wheel
9.43 N, = 1.49, Francis turbine
9.45 N, = 4.22, Kaplan turbine
9.47 2 = 135 rpm
9.49 () Tiaz = %pQV}r at ¢ = 120° (b) Tynee = pQVjr at ¢ = 180°



Chapter 10

10.1 (c) Irrotational flow is isentropic, isentropic flow is irrotational
10.3 (¢) dw/dt = @-Vu where @ = w/p

10.5 T' = 1.106 - 10° ft*/sec, 2 = 11.7 rpm

10.7 U = 143 mph

109 I', =UAx

1011 () I'=-UL (b)I'=—-UL

10.13 7, = —puwy,

10.15 § = 3.2 mm

10.17 6 ~ 3.2 in, tan~ (6 /z) = 0.6°

10.19 (a) Ou/dx ~ & (u,/L)(x/L)~%/"

(b) du/dy ~ %um/uo/(uL) (z/L)~1/4

(c) (0u/dy)/(0u/0z)|s=1 ~ vV Re = 100, 316,1000 for Re = 10*,10°, 10°
10.21 p. = p[1 + U?C}/(2gs)] = 11.29 slug/ft?
10.25 200 km
10.27 Configuration (a): U = 49.4 ft/set, Configuration (b): U = 37.5 ft/sec
10.29 (a) 4.0 ft (b) Q =mg/(mpUD) (c) @ =12.3 rpm

Chapter 11

11.1 m =0

113 I'=0

1.5 (a) [Q] = L*T" (b) [[] = L*T' (c) D = L*T~!

11.9 (a) u = —2By, v = —2Ax, Stagnation pointatx =y =0 (b) B=A

11.11 (a) u, = 3Qr? cos 30, ug = —3Qr?sin 30, Stagnation point at 7 =0 (b) Q = 7
(©) = =+/(y2 + 4¢/y)/3

11.13 ¢ = Ar" cosnb, F(z) = Az"

11.15 (a) ¢ = U(r + R%/r) cos, vp = U(r — R?*/r) sin 6, Flow past a cylinder of radius R
(b) F(2) = U(2+R?*/2)—il'/(27){nz

11.17 y = £2Avz + A%, A = constant

11.19 Stagnation point at z =y = 0, No

11.21 Stagnation point at x =y =0, Yes

11.23 ¢ = U(a® + y* — 22%)/(2h), Yes

11.25 ¢ = U(zcosa + ysina), ¥ =U(ycosa — rsina)

11.27 (a) u, = 2Srsin 20, uy = 2Srcos 20 (b) ¢ = Sr?sin 20
(¢) x =y =0 (d) Plane at 45° to x axis

11.29 ¢ = Qr"(cosnf — sinnb)

11.31 ¢ = r" cosnf

11.33 p = poo — 2pQ%/(277)2, Ty, = 10.4 cm




11.35 p = poo — 3pD?/(277)%, Typin = 1.75 ft
11.39 7 = r,eQ0T, = =27/
1141 2 = —Q/(27U), y = I'/(27U)
11.43 The thickness is Q/U
11.45 (a) y» = Ursinf — Q0/(27), ¢ = Urcosf — Qénr/(27)
(b) p=poc+ pUQ (1)~ Q272)] () & = Q/(2nD)
1147 (c) F= —pQU i
11.49 (a) Q = v3(I', — D/R)
11.51 F = [2(p; — po) + 2p U?|LR]
11.53 D =3pU’R
1155 sin 6, = /2
11.57 (a) F = mp QD?*H[V sinai — (U + V cos a) j]
(b) F, = mpQD?H~/V2 —U? (c) F, = 27 tons
11.61 (a) C, = [1 — 4sin® 0] sin® wt — 4S5t cos O cos wt, where St = wR/U,
(b) T, = 1[1 — 4sin? ]
11.63 (a) C, = 1 — 4sin®0 — 4(RU /U?) cos@ (b) L =0, D = 2mpR*U
11.65 p = po — pQO/(21) — pQ?/ (87*r?)
11.67 (a) a = sin 1(0.5) = 30° (b) p1 — ps = 3pU? + 0.268pRU
11.69 w(0,y)/U = 1.125, 00, 1.260, 1.033 at y/R = 0, 4,6, 10
1171 L = pUT,[1 — T',/(4wUh)], Lift will decrease due to the ground effect
11.73 C, = 1.10
11.75 2T}00 /¢ = 12.6%, Ciae/c = 3.0%
11.77 (b) C(z) = ztana +7,2(1 — z/c)/(4U cos «)
11.79 (b) C(x) = ztana + Y,c[3x/c — 1 — 8(z/c — 1/2)3] /(48U cos )
11.81 A=—1/(12Az), B=2/(3Az), C=0, D=-2/(3Az), E=1/(12Axz)
11.83 ¢ = (@i je1 + Pij1 + B (@iv1y + dim1)]/ (1 + 5%)
11.85 ¢ = 2.95049, 3.05901, 3.07902, 3051901 at j = 1,5,9,13
11.87 E), = dy — don
11.89 )\, = 0.99
11.91 (a) p = 0.90 (b) GCI = 1.96% (c) Richardson extrapolation: 0.45%

Chapter 12

121 {5, = 1.5v/a = 648 A
12.3 Kn = {,,4,/y, Newtonian for y > 4, ¢,
12.5 (a) ¢¥(r,0) = —1Qr? + constant (b) Flow is rotational

127 w=0, [S]=—




010
129 (a) f(y) =Cy+ v, g(z) =Cx+u, (b)[S]=C| 1 0 0]
0 00
U 1 0 0
241w=0, [S==|0 1 0
0 0 —2
010
1203 w=—"k 5= L |10 0]
a 2a 00 0

2
1215 w =222 ity 8= 2

20 0 -z
2 2
L L, 2 —2(z +y)
9 cos4f —sin4f 0
12.17 [S] = ?’U; —sindf —cosdf 0
“ 0 0 0
U 612 (6zy + 522) 0
12.19 [7] = 57 (6zy + 52%) 0 (10xz — 6yz)
0 (1022 — 6yz) —6y?
2uU
V.lr] = %(Sxiqtf)mj ~ 32K)
2y oz 0
2
12.21[]:“% r —dy z |, V°[T]=—Z—2]J
0 =z 2

12.23 tr(t] = 2p+3¢()V-u
12.25 uw = 4Ay, v=—Ax
12.27 (a) .., V-u= K cosf/r?
(b) 7y, u, = Kcosf/r + f'(0)
(c) ug = Ksinf/r — f(6) + g(r)
(d) f(0) +rg'(r)+ f(0) —g(r) =0
(@) £(6) — rg (1) + £(6) — g(r) = 0
(f) f(0) = Acos@ + Bsinf + C, g(r)=C (A, B,C are constants)
(@) u, = (K/r)(1+7/R)cosb, ug=(K/r)(1—r/R)sinf
12.29 (b) The torque is negligible since p acts at the center of each side
and has zero moment arm as Az, Ay — 0
(c) The angular momentum is < pmax {Axz, Ay} max [u| — 0 as Az, Ay — 0
(d) Tay = Tyz
1233 p=p, — 1pU%(r/R)*[1 — (r/R)* + 1pU?(2/R)?*2 — (2/R)?*| — 10puUz/ R?
p(0,0) = p,, Infinite pressure for 7, |z| — oo



12.35 p(1) = poo — p(Q? +T?%)/(87%r?), Negative pressure for 7 — 0

12.37 (b) vf” + f? + 4v f = constant

12.39 (b) f(r) = Cr + D/r (C and D are constants)

12.41 (a) [H] = L2

12.45 Ny, = LRen,

12.49 G = cos 6 — iAsin 6, where A = UAt/Az and 0 = kAx
Conditionally stable, At < Az /U

1251 G = [1 + Xe ] /[1 + Ae®], where A = JUAt/Az and 0 = kAx
Neutrally stable for all At

12.53 (a) N = 101: (Nepr)maz = 1.053, N = 201: (Nepr)mae = 1.025,

N =401: (Neps)mae = 1.012
12.55 (b) F' = —0u/0y (c) Abyar = 2(AY)?  (d) 654 channel heights

Chapter 13

13.1 ¢ = SUA[L = x(1 = 2y/h)](y/h)?
13.3 ¢ = tu,R[l — 3(r/R)*(r/R)

13.5 o = Uyerfe(n)+2U\/vt/m (1 —e™), n=Lty/Vvt

oy 0 01 Lty 0 01
13.7 w = 2u,,r/R%ey, [S]:—% 000]|, [r]l=- Rn; 000
1 00 1 00
1 010 010
13.9 [S] = —53(17,75) 1001, [r]l=-us(nt)|1 0 0
0 00 0 00
where s(1,t) = uy/Q/ve Tsin(QU —n+7w/4), n=y,\/Q/(2v)
13.11 mn=1pUh, P=1pUh, E=1pU°h
1B13y=(x—-1h/(2x), x=3
13.07 (2) P = 65U/ (ho — by ?)[tn(ho/hy) — 2(ho — ) (ho + )]
(b) F' = [uUl/(h1 — ho)[fn(h1/ho)
(C) Heff = 4125h1/£
(d) fiefr/ pstiding = 0.02
13.19 (u)mae = 0.5 m/sec, £, = 7.2 m
13.21 12 cm
1327 () u =u, = 0,up = QR atr =R and Ou/Or =0,u, =ug=0atr =20
(b) u,(r) =0

(©) u(r) = up[l — (r/R)?%, us(r) = Qr where u,, = —R*dp/0x/(41)
(d) p(z,7) — p(z,0) = 5pQ2*r°



13.29 (a) u, = 0,up = QR atr =R and u, — 0,ug — 0 as r — oo
(b) u,(r) =0, ug(r) = QR /7
(¢) I' = 27QR?, up(r) = T'/(27r), Potential vortex

(d) p(r) = poo — 3p PR /1%, Q < \/2ps/(pR?)
13.31 (b) u(z) = U[1 — e M cos Az], v(z) = Ue Msin Az, A = /Q/v
13.33 (a) v(y,t) = vy
(b) Ou/ot + vou /Oy = vd*u/dy?
(©) v\/t/j = constant
(d) No similarity solution exists
13.37 (b) F(0) = 0, G(0) = 1, H(0) = 0, P(0) = 0, F(¢) — 0,G(¢) — 0 as ¢ — oo
13.39 r = 1.62r,
13.43 Yes
13.45 Matrices [A] and [C] are diagonally dominant. Matrix [B] is not diagonally dominant.

1.0000
1.0423
13.47 x = ¢ 1.1128
1.2113
1.0000

13.49 (a) ¢(y) = (¥ —e¥)/(e —e™)

10 0 0 07 0
1 —33/16 1 0 0| & 0
o 1 =331 1 0]{¢ $={0
0 0 1 —33/16 1| | ¢ 0
0 0 0 0 1| ¢ 1
0 0

0.215114 0.214952

(©) {¢} = { 0.443674 and  {@egact} = { 0.443409
0.699963 0.699724

1 1

13.51 (c) No limit on At
(d) 1.98 < p <2.01
GCT <0.024%
13.53 (a) P(() = —2F(C) — $H2(()
(¢) F(() >0
(d) 1.86 <p <191
GCIT < 0.045%



Chapter 14

14.1 (a) Re, = 1.0-10° (b) Re, =2.0-10°
14.3 Air: U = 16.20 ft/sec, H,O: U = 1.08 ft/sec
145 6 =103 mm
14.7 x4, = 296 ft (6.6% smaller)
149 (2) d*u/dn* + (1 + €)du/dn+eu =0
(b) uinner(n) = O(l - e—TI)
(c)C=e
14.13 u(y) = U(1 — e7"¥/V), v, >0
14.15 udw/dz + vOw/dy = vd*w /Dy?
14.17 § )z = 0.37TRe;*/®, ¢; = 0.0577Re;Y/®, D = 0.072pU2bLRe; /"
14.19 (a) ¢y = 2v/(UG), 6* =36, 0 =6, H =3.00
(b) 6 = 3.462Re;/?
14.21 (a) ¢; = 3v/(U§), 6* =26, 0 = 256, H =2.69
(b) 0 = 4.64xRe;'/?
14.23 (a) ¢y = 4v/(U6), 6* = 50, 0 =256, H =2.55
(b) § = 5.84xRe; /2
14.25 (b) dd/dx = (6 + 103;)/ Res
14.27 (a) F(K) = cyRep —2(2+ H)K
(c) 0 =0.671y/vx/U, 1.1% larger than Blasius
14.33 0, = §/4, 0 = 4y/vz/u., 20% smaller than Blasius

14.35 § = 10L/v/(15U,z), c; = 3.87Re; /2, 6% smaller than the exact Falkner-Skan c;
1437 x =1 ft: 6 =0.21 in, ¢; = 2.37 - 1073, x =5 ft: 6 =0.48 in, cy = 1.06 - 1073
14.39 Re, = 4.94-10% §~0.27 in
1443 (a) G(0) =0, G'(n) > lasn — o0, G'(n) = Us/U; as n — —o0

(b) d*g/dn® +nd*g/dn* = 0

9(0) =0, ¢g'(n) = 0asn— o0, ¢(n) = (Us—U1)/Usasn— —o0

(¢) u(z,y) =~ Uy — (U — Uy) erfc (%ydUﬁ{ux})
14.45 ¢, = 0.01HRey = (./6
14.49 Re, = 9.78-10°% §~ 3.2 in
14.51 (2) 11%, (b) 4.2%, (c) 4.7%, (d) 0.9%
14.53 (a) z; = 3.24 ft, Az =0.64 ft, (cf): = 0.00047, (cs)s = 0.00305

(b) z, = 2.16 in, Az =0.68 in, (cy); = 0.00094, (c;); = 0.00395
1455 C, = 0.144Re;®, C,/Cp, = 3.42,6.81,13.60 for Re, = 10°,105, 107
14.57 Mooring Line: 110 Hz, audible, Piling: 2.2 Hz, not audible
14.59 (b) Re, = 2.8 - 107: hg/0y ~ 14, Re, = 5.0-10% hs /6y ~ 10
14.61 c; = 0.00251, which is 4.6% less than the Kadrman-Schoenherr value

14.63 Copper: Unaz = 1908 m/sec
Galvanized Iron: U,,,, = 11.4 m/sec
Concrete: Upnaz = 0.89 m/sec

14.65 u, = 0.241 m/sec, kI = 4519
14.67 f(0) =0, f'(n) - 1asn— o0, f'(n) — 0asn— —oo, n(z)="Ux



14.69 7, ocy* as y© — 0
14.71 Smooth: ¢; = 0.00264, C), = 0.00330
Rough: ¢; = 0.00446, C\, = 0.00573
cy 1s 69% larger, C), 1s 74% larger
14.73 (a) (v + v;)du/dy — v, u = u?
(b) &*y*(du/dy)* = u + v,u
14.75 (a) ¢y = 0.00250 (b) ¢; = 0.00642
14.81 (a) 2G"(0)© — 2(2 + A*/O)K ~ 0.450 — 6K, K = 36?
14.85 Baldwin-Barth model: The boundary layer separates
k-w model: Computed c¢ is within 16% of measured c
k-e models: Computed c; is nearly triple measured c; at s = 17.833 ft
14.87 k-w model: Computed c; is within 8% of measured c
Spalart-Allmaras model: Computed c; is within 14% of measured c;
k-e models: Computed c; is at least 48% larger than measured c; at s = 6.167 ft
14.89 (b) k-w model: 0., = 83.1°, Boundary layer fails to separate
for all k-¢ models and for the Spalart-Allmaras model

Chapter 15

153 (b) x — —o0: u — u,h — hy,p— p1 and =z — +00: u — Uz, h — hs
15.7 (a) H(0) =1, H(n) > 0asn — o0
(b) H(n) = erfe(v/Pr)
159 (b) a=+/gh, v =2
1511 L,yqp = 1.89m, T, =17°C
1513 f = 0.016, M, =1.18
15.15 (a) L7 =125 cm (b) Yes
1517 M, = 1.23, p. =42.7Tpsi, T, = 600°F
15.19 f = 0.012, M, =1.29
15.23 ¢ = 13265 Btu/slug, p. = 13.4 psi
15.25 Air: ¢ =2.45-10* J/kkg, T, = 415 K
Hy: ¢ =6.50-10° J/kg, T, = 681 K
15.27 M = 0.5: ¢ = 2.92-10° J/kg
M =0.7: ¢ =4.76 - 10° J/kg
M =0.9: ¢ =5.47-10° J/kg
15.29 q = —3543 Btu/slug, M, = 2.56
1531 ¢ = 9.28-10° J/kg, p* = 89.6 kPa
153560 =9.1°
15.37 ptz/ptl =0.9919
15.39 p, = 36.1 psi, pp = 241 psi
15.41 (a) M =4.39, A/A* =15.14
(b) M =3.57, AJA* =7.27
(c) M =159, A/JA* =124
15.43 pi, = 103 kPa



15.47 Air: py/p; = 16.33, He: py/p; = 21.51
15.49 M5 = 1.02, ps =727 kPa, 3, = 42.8°
15.51 & =27.1°
15.55 v(M) — 4x[\/(y+1)/(y — 1) — 1] as M — o0
CO,: Turn the flow 165°, Air: Turn the flow 130°, He: Turn the flow 90°
15.57 Forward: 19.5°, Rearward: 5.2°
15.59 M, =2.35, 0 =14.23°
15.61 M3 = 3.73, p3 = 0.74 atm
15.63 M5 = 1.75, ps = 55 kPa
15.65 /L = 2.66, y/L = 1.19
15.67 z/L = 3.38, y/L =1.75
15.69 1 = 4.681 - 1079707
15.73 Cp; = 2.464/+/Re,,
Re, = 10% C)p,/Cp, = 0.122
Re;, = 10°: Cp;/Cp,, = 0.039
Re;, = 10% Cp,;/Cp, = 0.012
15.75 (a) 0, = \/12Luptew/(pette)
15.77 4/u, = 26.51 sin([u*/u,|/26.51) and the difference between @/u, and u*/u,
increases from 2.6% to 9.8% as y™* increases from 10 to 500.
15.79 v, = AaAx/2, D, = (47\* — 3\ — 1)a(Az)?/6 where A = aAt/Az
1581 v, =0, D, = —(\? + 2)a(Az)?/12 where \ = aAt/Ax
15.85 k-w model: Computed ¢ is within 0.6% of measured c
k-e model: Computed cy is 67% larger than measured cy
Spalart-Allmaras model: Computed c; is within 1.2% of measured c;
15.87 k-w model: Computed c; is within 3% of measured c
k-e model: Computed cy is twice measured cf
Spalart-Allmaras model: Computed c; is within 18% of measured c;
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