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§x2=y

X3 = Z

Peso especifico:

'}/:
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Lei de Newton da
viscosidade:
(caso unidimensional)

T=Uu

com perfil linear de
distribuicdo de
velocidades:
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dt
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'udy

Linhas de dx
corrente: ;. T 4
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dz
w

Campo de velocidade:

l7(x, v,z,t) =ulx,y,z,t) I +v(x,y,2t) j+w(x,y,zt) k

Viscosidade
cinematica:

Reynolds:
7
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Re=p—:—

VL
v

Vazao volumétrica: (Q = f

FdA Vazao massica: m=f pV,-dA
A

Equacgdes integrais para Na aberturas uniformes ( + saidas

- entradas ):

Continuidade: i j pd¥ )+
dt\Jyc

Momentum:

Nq

d(f v d¥>+2(+'17)
p +mV).
dt\Jye - i

¥

Quantidade de
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angular:

7 d - g - 7.
ZMz_ f 7 X Vpa¥ +Z(ir><Vm),
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=pQyg hbomba/n
np Q ) hturbina
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= pQ

...permanente:
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H; = +z;

- hbomba + hperda

Bernoulli:

H, = H, = --- = H, = constante
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CONVERSAO DE UNIDADES

P9z — 5=
1” (polegada) = 25,4 mm

1 atm = 101,3 kPa

1L=0,001 ms

1 b (barril) = 159 L 1 St (Stoke) = 104 m?/s

0z
1 ft (pé) = 0,3048 m = 12"

1 psiz=

6,89 kPa

1 gal (galéo) =

3,79L

1 ft3 (pé cubico) = 28,3 L 1cSt=10°%m2/s

1 mi (milha) = 1,61 km 1 bar = 100 kPa 1 0z (on¢a fluida) = 0,0284 L| 1 P (Poise) =0,1 Pa.s 1 Pas=1kg/m.s
1yd (jarda) 20,914 m | 1 kgf/cm2 = 98,1 kPa lcv=7355W 1cP =0,001 Pa.s APl =141,5/d - 131,5
Fluido 1] o) Fluido 1 p Fluido 1} p
(20°Ce latm) | (Pa.s) | (kg/m3) | (20°C e latm) (Pa.s) | (kg/m?) (20°C e 1atm) (Pa.s) (kg/m?3)
Hidrogénio 9,05x10° | 0,0839 Alcool etilico 1,20x10°3 789 Agua do mar 1,07x103 1.025

Ar 1,80x10° 1,20 Mercurio 1,56x10°3 | 13.550 Glicerina 1,49 1260
Gasolina 2,92x10*4 680 Oleo SAE 10W | 1.04x101 870 Gas carbonico 1,48x10° 1,82
Agua 1,00x10°3 998 Oleo SAE 30W | 2.90x101 891 Azeite de oliva 84,0x103 890




Hidrostatica:

Z2 It - Empuxo:
= oal Multiplos puxo:
P2 =p1— | vdz | Incompressivel: P2 =p — YAz ") quigos: 2=p1+ Z ty;h; E =¥
Zq = fVsub
, . ;3 . — 3
Forcas sobre Yep = —y senB L, /F Superficie Retéangulo: x = bL3/12
superficies planas  F = p A simétricas: Triangulo isosceles: o = bL3/36
submersas: Xcp = =y senb Ly [F Ly =0 Circulo: Ly, = TR*/4
5 Forr = 0iA; — DA - I —
Tubulaggo Com_ eff e ¢ Altura metacéntrica: GM = o _ GC
curva: Foress = 2(1 — cosb) Ferr ¥up
Transferéncia de calor e massa:
X~ | 2 62T 0T 0°%T
12 Leida | Conducdo: | ¢ = —kVT | coord. cartesianas: V2T = i taztae
Termodinamica: 19/ oT yl 62TZ 22T
aT Coord. cilindricas: V2T = __( _> -2 9
dT V-kVT + g = pc— T , ar\ or) r200% 0z> )
Q=mec— =k Coord. esféricas:  v?2 _19°0D) 1 0 ( OT) 1 or
dt ¢ /PCp ' - V= r or? r2senf 00 send 00/  r?sen?0 d¢p?
. Conveccdo T =T _ _ur, _me Radiacdo: q = eoT* Transf. de massa
Conveccao: com T, —T, hA
q=nhT.—Ty,) capacidade ~ _ _8 -
concentrada: Bi = hL./k, Lo =¥/A; | 0=567x107"—5 J=—Dvc
Resisténcia AT L 1 L. Ye;
. =—_ = | Emsérie: R,, = )R; =—
equivalente: | = —qRu, Reona =7 | Reonv = série: Reg = YR; | Em paralelo Re, (e R
Adimensionais
pVL Ap Fp/L hL hL
Re = —— Eu= Coy = | = —2 Nu, = — Ra = Gr Pr
pV? Y T va S "k
1%
pVZ2L |4 Fr— aB U cp Nu
= Ma =— r=— Gr == (T, — T,)L? Pr=—— St =
We > a=_ JoH r="77 ) k Re.Pr
Escoamento em tubulag6es:
Darcy- fv T f Colebrook-White: Swamee-Jain:
. h = L—— u* —_ p/ = / V
Weisbach p D2g p 8
1 D 251 0,25
Hazem- L QY83 eu’ — =—-2,0log <€/ +— ) f= /D 5,74
_ + - - 4 &
Williams ~ f» = 10,65 C185D487 £ =7 \/7 3,71 Re\/? [10 ( Re® 9)]
0.08
0.07 1 /D = 0.05
- = 0.04
0.06 3 0.03
0.05 7 0.02
3 0015
0.04 7 001
: 0.008
_ m 0.006
£ 0034 0.004
2 ]
= 0.025 ] 0,002
cu H -
3 002 8885e
2 ] = 0.0006
&L . 0.0004
0.015 LT
1 0.0002
m 0.0001
1 = + 5e-05
0.01 1 S -
0.009 ] :
] 1e-05
0.008 e
0.007 A
. 1e-06
0.006 TT T T T rrrTT T T TrTrIrrrrriT T T TrTrrrrrrorT T T T TrIrrrrrTT T mrrrrrrrrom
10° 2 3456 81g¢ 2 3456 81° 2 3 456 8196 2 3 456 87 2 3 456 818

Numero de Reynolds (Re)
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