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Tabela 1. Viscosidade de liquidos: fracdes de petroleo, 6leos animais e vegetais e acidos graxos.

ViscoersiEs oFf PErnotgvu FRACTIONS
Far tomperatiore fanged nmp|n3'ed in the text
Upordinates to be uwsed with Fig. 14

X F
T6°API nstural gasoline, ... .._...........| 14.4 6.4
SB°APT gasoline.......... ... ..., | 140 0.5
43°APT karosene.. ... ... 11.4 16,0
JE°APL dimtillae.. ... .................| 1D.0 20,0
B APT mid-continemt erude. ... .. .. 103 21.5
SEAPT gasall ... ...................| 10.0 236

Vistoarmes oF ANIMAL a¥p VrGEvams Cus®

Anid Sper,
% Na. =T T ¥
Almond. .. | 2. B 0. G188 [N 5.2
Covenuat, . ... ... 0.0 0. 9226 G.% 269
Cod liver. .. . 0. 9188 7T 2T
Cottonseed ... 14,24 o, MET 7.0 26.0
Lard.... 3.58 0.9133 7.0 8.2
Linsesd....... ... . 3.42 | 0,027 6.5 7.0
Mustard, .. ..... ... ... 0. 937 7.0 2E.5
Weatafoot. . ..... | 13.38 0. 0158 6.5 2E.0
e, o e 0.B158 | B.6 L ]
Palgt kernal. ... ..., B0 o819 | 7.0 260
Perilla, faw. .. ... 136 w27 E.1 ar. .2
Rapessed .34 0.8114 7.0 o8
Bardime. . o DUBT 0, 0354 7.7 .3
Boyhean a.50 0,92 8.3 7.8
Bperm_ ... .. .. L 0. B=lY T.T O |
Banflower. . ' oa.ra 09207 7.4 2.6
T'.'Iujclrcﬁ.lmr!. : n.7: n.azay 7.8 2T 5
+ Bnsed op deds 3t 100 and 210°F of A, E. Hesoorls asd F. L. Carnabes, Fad. Eng, Chere, 38, 1313-
1213 [15E8).
VsosarrmEs o CoMMERCIAL Farry Acoe*
250 to 400°F
&p gr

stBF| X ¥

Laorde, .. ............| D.792 101 3.1

Clelo. .. ...... 0.795 oo 25.2

Palmitie. ... ... .. 0.TE8 8.3 258

Beeprie, ... ......... 0.78% | 0.5 | 255

= From dwias of 0, § Eers and W. Vop Hoatasd, nd. Eﬂn- Chew., 41, 2208 [13-18).

Referéncia: KERN, D. Q. Process Heat Transfer.Nova lorque: McGraw-Hill, 1965.



Tabela 2. Viscosidade de liquidos.

Viscosimes or Liguins*
Coordinatea to be used with Fig. 14
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Temperaiure Viseasily

beg. G, DagF Centigeises
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Fro. 14. Viscositiea of Bgnida.  (Perry, * Chemical Snginsers’ Hondbook,” 3d ed., MoFrew
Hill Book Company, Ime., New Foerk, 1850.)

Referéncia: KERN, D. Q. Process Heat Transfer. Nova lorque: McGraw-Hill, 1965.



Tabela 3. Densidade de liquidos.

BByl aloohok, 0% ... 0.0y,
Ethyl sloshal, 96 %. . .. o

ans PROCESS HEAT TRANSFER
Tusi® 8. SeRcivie GraviTEs anp MoLroUia® Wrteunrs oF Lagtios
Dompownd 'iI:'L Compoimd 1:: -~
dd. 1 198
.1 1.4
123
08,1 A0
Ba. 1 L.1F
68,1 0.A%
7.0 .66
...... 0,78
1%0.2 13,85
BE.E Li 0]
9.1 .52
1D8. 3 0.8
I51.3 0,53
TE1 o0
Boime, Ol 25W.. ... o000 canmes 8.1}
Brize, MaTL26%. .ooo oo voiini] vmeny 1.14
1710 1.60
L1710 1.38
17140 1,30
58,1 1.16
8.1 1.16
1148.2 B Nitrniolwens, . 1.2
T4.1 B oA, e 0.70
Tl R2| Deiy] alealstd, ,0veonon. .82
gE.1 | 1,87
BE.1 0,83
A 1.07
TE.1 245
153. 5 1.57
128 , 0,5
11684 7. 0,99
116. 6 w-Fropyl aloohel. ... _..... [0 o_&0
| 128,49 3 n-Fropyl beombde, -, ,..0.00.. 133. 1.35
| 26,6 M7 w-Prapyl chlosida, .. ... .| TR 0,85
1266 o-Proprl Sodlde. ... ...... 70, 1.7%
106, 1 B 5. o.&r
100,82 pan i.53
187.9 0, 2.22
.| BB.a 24 1.38
88,49 1.53
J el 1.84
118.1 140
1842 1.87
174.1 1.80
Ethyl nostade. . .. .. ®E.1 1.83
451 1,73
o.&F
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0.3
L0
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0.
0.8
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Referéncia: KERN, D. Q. Process Heat Transfer. Nova lorque: McGraw-Hill, 1965.



Tabela 4. Viscosidade de gases.

ViscoerTIES OF GasEa®
Coordinates to be nsed with Fig. 16
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Temperature Ulligﬂﬁ ity

Deg.C. [DegF Centipoises
-10Q — 0.1
' — 0.09
-100 — .08
— 0,07
— Q.06
u -
0 E— 005
30 2
100 2 — 0,04
2 =
100 200 24 E 0,03
300 2 3
20 C
200 400 C
8 = 002
500 ¥ & L
300 600 14 F
. 700 2 F
oo
800 10 L
900 g i
500 |
o H e
E00 oo 4 L
1200 = 0008
700 1300 2 " ao07
1400 0 | o
Boo 50 0?4 6 & W 1 4 BB L
1600 X 0.006
Foo 1700 )

Fia. 15 Visooaitisa of gasen, (Perry, “Chemical Enginesrs’ Hendbook," 8d od., Melfraw-
Hill Book Compary, Tnc., New Fork, 1850,

Referéncia: KERN, D. Q. Process Heat Transfer. Nova lorque: McGraw-Hill, 1965.



Tabela 5. Didmetros padrdes para tubulagdes.

Croas-

Maominal Outside Wall Inside spctional Inside
pipe diameter Schedule thickness diameter area of sz ctional
size {in) {in.) o, {in) {in.) metal {in%) area {ft")
|_ 0405 40 0GR 0260 0.072 000
3

0 [Tt 0215 0.093 0.5
1 03540 40 ITVEES 0364 0.125 (.02
4

0 0119 0302 0.157 0.0
1 0675 40 091 0493 0.167 0.00133
#

#0 0.126 0423 0.217 0.0
1 0840 40 0.10% 0622 0.250 0.1 1
2

#0 0.147 0546 0.320 0.00163

160 0.187 0466 0.384 000118
1 1050 40 0.113 0824 0.333 0.00371
4

#0 0.154 0.742 0.433 0000

160 0218 0614 0.570 000G
1 1315 40 0.133 1049 0.494 0.0

#0 0179 0957 0.639 0.0

160 0250 0815 0.837 0062
Il 1.9 40 0.145 1610 0.794% 0.01414

2

#0 0200 1 5000 1.0GE 001225

160 0241 1338 1.429 0.6
2 2375 40 0.154 2067 1.075 002330

#0 0218 1939 1.477 (L0260

160 0343 (5 2190 001556
,_ll_ 24875 40 0203 2469 1.704 0.03322
"2

0 0276 2313 2.254 0025942

160 0375 2125 2.945 002463
3 3500 40 0216 3068 2238 0.05130

0 0300 2 90 3.016 0.04587

160 0437 2626 4.205 .03 %1

| conrimue d)

Referéncia: LUDWIG, E. E. Applied Process Design for Chemical and Petrochemical Plants,
Volume 1, 3 edigdo, Tabela 2-4. Elsevier, 1995.



E“Iﬁ!'

Moarmnal Chutsicke Wall Inside s ctioml Insde
e diamler Schedhile Uhncknes diamsler ared ol i vl
sz {in) {in) i (i) fin) metsl (i) amea (1)
4 4500 &b 02137 4.006 3173 LITEEN]
1] 337 E Rl 4407 LNYR6
120 437 1626 5578 L7170
160 (531 3438 LT (LiR447
5 5563 & (258 5047 4304 (L1390
1] 0375 4813 6112 L1263
13 50N} 4.53 7963 L1136
1y 625 4313 95096 15
& 6.H25 &) (L2810 aillas 5584 L A
1] 432 578l RA05 (L1810
1)y .52 550 10,71 [k 1650
160 718 5189 1332 (L1469
] R.625 e 1] 0250 R.125 a7 {3601
k] [k a0 1360 L3553
&b a2 191 B39a 74
alb [LE | 1813 1048 L1329
A {500 16835 1276 L3
100 (593 7439 14.96 (L3018
120 078 1189 1784 L2519
140 (LR12 T.001 1993 L2673
lay (L9 aR13 219 L2532
jlI] 1075 e 1] {250 10250 R24 L5731
£ 0307 10136 1007 {5603
A& L3565 102D 11 %40 L5475
Al {1500 9,750 1610 (L5158
1] (593 9 504 18.92 (L4989
100 (L7148 9314 2253 L4732
120 (B3 G.0nd 26034 (L4481
140 1NNy 8750 3063 h417H
1&l 1125 RS0 EENIE (L3941
12 LTS . 1] (250 12250 982 (LR1RS
3 {330 12K 1287 w72
A (a0 11938 1577 LT3
&l 562 116826 2152 07372
O (L6RT 11376 2603 (L 058
100 (LB 111064 3153 a7
120 1NNy 17500 3691 (ha3l3
140 1125 150K 41108 (a3
1l 1312 1126 47.14 (5592

Referéncia: LUDWIG, E. E. Applied Process Design for Chemical and Petrochemical Plants,
Volume 1, 3" edi¢éo, Tabela 2-4. Elsevier, 1995.



Equivalent Roughness for New Pipes
[from Moody and Colebrook]

Pipe Equivalent Roughness (mm)
Riveted steel 0,9-9,0
Concrete 0,3-3,0
Wood Stave 0,18-0,9
Cast iron 0,26
Galvanized iron 0,15
Commercial steel 0,045
Wrought iron 0,045
Drawn tubing 0,0015
Plastic 0 (smooth)
Glass 0 (smooth)

Referéncia: MUNSON, B.R.; YOUNG, D.F.; OKIISHI, T.H. Fundamentals of Fluid

Mechanics. John Wiley. New York, 1998.
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Figura 1. Rugosidade relativa em funcio do diimetro para tubulacdes de diversos materiais.
Referéncia: WELTY, J. R. et al. Fundamentals of Momentum, Heat and Mass Transfer. 5°
edicdo, Fig. 13.2, pg. 174, John Wiley and Sons, 2008.
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Figura 3. Vilvula gaveta.

Referéncia: DICKINSON, T C. Valves, Piping and Pipeline Handbook, 3" edi¢ao. Oxford:
Elsevier, 1999.



Figura 4. Valvula de retencio.

Referéncias: Flow of Fluids through Valves, Fittings and Pipe. Technical Paper N. 410M.
Crane, 1982./ DICKINSON, T C. Valves, Piping and Pipeline Handbook, 3" edigdo. Oxford:
Elsevier, 1999.
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Figura 5. Tipos de valvula macho.

Referéncia: DICKINSON, T C. Valves, Piping and Pipeline Handbook, 3" edi¢ao. Oxford:
Elsevier, 1999.
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Figura 6. Resisténcia de valvulas e conexdes ao fluxo de fluidos.

Referéncia: CRANE, Technical Paper N.409, Engineering Div., 1942. In: LUDWIG, E. E.
Applied Process Design for Chemical and Petrochemical Plants, Volume 1, 3* edi¢do, Figura 2-
20. Elsevier, 1995.
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- Sudden enlargement: The resist-
. ! ance coefficient K for a sudden en-
1.(][--—...,.~ t - largement from 6-inch Schedule 40
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0.9— \ ) - :, 0.55, based on the é-inch pipe size.
0.8 ' AN 8 LA ©.51
i \ SUDDEN ENLARGEMENT | ds  11.038
1 ol
= 0.7 e ho— i
g K = [1 & d:] Sudden contraction: The resist-
&2l P ance coefficient K for a sudden con-
s L 1 ____.__\_ " traction from 1z-inch Schedule 40
& 05 N/ pipe to b-inch Schedule 4o pipe is 0.33,
= based on the 6-inch pipe size,
32 M— |
2 0.41— >~ 1 i, . by o
E e T _7‘?_\& ds 11.938 el
uj'ﬁm_m-:n CONTRACTION || ‘N\\ Note- Th | L i :
Note: The values for the resistance
0.2 . ,l h coefficient, K, are based on velocity
r'!' a‘,' | in the small pipe. To determine K
0.1k *2 T .il f N values in terms of the greater diam-
, | \ ::;cr;f )n'wltipl}- the chart values by

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

dh /s
Figura 7. Resisténcia devido a alargamentos e contracdes inesperados.

Referéncia: CRANE. Flow of fluids through valves, fittings and pipe. New York: Crane Co,
1965.
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'

—— - —_— -

-T— I-— r—.-. Problem: Determine the total re-
sistance coefficient for a pipe one
diameter long havi : :

K = 078 K = 0.50 K = 0,23 K = 0.04 t'mran:e 82 dg ;1 o j slc'n{arp_ eciged

Inward Sharp Slightly Well el S st
Projecting Pipe Edged Rounded Rounded
Entrance Entrance Entrance Entrance

Solution: The resistance of pipe
one diameter long is small and can be

neglected (K= f L/D).

From the diagrams, note:

_r —"'] Resistance for a sharp edged entrance = o.5
Resistance for a sharp edged exit = 1.0
K=10 k=10 K =10
Projacting Sharp Rounded Then, ) i y
Pipe Edged Exit the total resistance, K, for the pipe = 1.5
Enit Exit

Figura 8. Resisténcia devido a entrada e a saida de tubulacdes.

Referéncia: CRANE. Flow of fluids through valves, fittings and pipe. New York: Crane Co,
1965.



Tabela 6. Comprimento equivalente em didmetro de tubulacio (L/D) para valvulas e conexoes.

. 1 Equivalent Length
Description of Product in Fipe Diameters
(LsD
- — -
Stem Perpendic- | With no obstruction in flat, bevel, or plug-type seat Fully open 340
Globe ular to Run With wing or pin guided disk Fully open 450
Valves (No obstruction in flat, bevel, or plug type seat)
Y-Pattern =—With stem 60 degrees from run of pipe line Fully open 175
—With stem 45 degrees from run of pipe line Fully open 145
With no obstruction in a1, bevel, or plug type seat Fully open 143
Val el gt pe
Ak Yaives With wing or pin guided disk Fully open 200
Wedge, Disk Fully open 13
Du-nhltl Diskl Three-quarters open 35
or Plug Dul'.‘ One-halfl open 160
Gate One-quarier open Q00
Valves e
Fully open 17 |
Pulp Stock “"'"g::';:: apen b I
One-quarter open 1,200
Conduit Pipe Line Gate, Ball, and Plug Valves Fully open J==
Conventional Swing 0.5 . . Fully open 1335
Check Cll:-lrwa',lr Swing _ 0.5% . . Fully open 50
Valves Gilobe L_Lfl or Stop; Stem Perpendicular to Run or Y-Pattern 2.0% . . .Fully open | Same as Globe |
Angle Lift or Stop . 2.0t .. .Fully open | Same as Angle
In-Line Ball 2.5 vertical and 0.2% horizontalt . . .Fully open 150
. iner | With poppet lifi-type disk .31 . . .Fully open 420 I
Fool: Yalves with Swes With leather-hinged disk 0.4t . . .Fully open 73
Butterfly Valves (8-inch and larger) Fully apen 40
. Rectangular plug port arca equal 1o
Straight-Thr s «q
eht-Through | ™, 00% of pipe ares Fully upen ¥ ,
Cocks : Rectangular plug port are equal to Flow straight through 44 -
Three-Way B0%s of pipe area (fully open) Flow through branch 140
90-Degree Standard Elbow 0
45-Degree Standard Elbow 16
90-Diegree Long Radius Elbow 20
90-Degree Street Elbow o 30 |
Fittings | 45-Degree Stret Elbow 26
Square Corner Elbow 57
With Mow through run 0
Standard Tee | yih fow through branch 60 :
Close Pattern Return Bend 50 |
**Exact equivalénl length is tMinimum calculated pressure |
equal to the length between drop (psi) across valve 1o provide

fange faces or welding ends.

sulficient Mow to lift disk fully.

Referéncia: CRANE. Flow of fluids through valves, fittings and pipe. New York: Crane Co,

1965.



Tabela 7. Coeficientes de resisténcia (K = h,,/V?/2g) para vélvulas abertas, cotovelos e tés.

Nominal diameter, in

Screwed Flanged
3 1 2 4 1 2 4 8 20

Valves (fully open):

Globe 14 8.2 6.9 5.7 13 85 6.0 5.8 55

Gate 0.30 0.24 0.16 0.11 0.80 0.35 0.16 0.07 0.03

Swing check 5.1 29 2.1 2.0 2.0 2.0 2.0 2.0 20

Angle 9.0 4.7 2.0 1.0 45 2.4 2.0 2.0 20
Elbows:

45° regular 0.39 0.32 0.30 0.29

45° long radius 0.21 0.20 0.19 0.16 0.14

00° regular 20 1.5 0.95 0.64 0.50 0.39 0.30 0.26 0.21

90° long radius 1.0 0.72 0.41 0.23 0.40 0.30 0.19 0.15 0.10

180° regular 2.0 1.5 0.95 0.64 0.41 0.35 0.30 0.25 0.20

180° long radius 0.40 0.30 0.21 0.15 0.10
Tees:

Line flow 0.90 0.90 0.90 0.90 0.24 0.19 0.14 0.10 0.07

Branch flow 24 1.8 1.4 1.1 1.0 0.80 0.64 0.58 041

Referéncia: WHITE, F. M. Fluid Mechanics, 4* edi¢do, Tabela 6.5. McGraw-Hill, 1998.

Secondary
flow pattern:

d = constant

(Note: Resistance

due to bend
length must
be added.) | | | | | |
0.08
1 1y 2 3 4 5 6 7 8910
R
d

Figura 9. Coeficientes de resisténcia para joelhos de 90°.

Referéncia: WHITE, F. M. Fluid Mechanics, 4" edi¢ao, Figura 6.20. McGraw-Hill, 1998.
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Figura 11..2 Alguns valores para o friction loss factor.

Referéncia: BEEK, W. J.; MUTTZALL, K. M. K.; VAN HEUVEN, J. W. Transport Phenomena, 2°
edicdo, Tabela Il.1. John Wiley & Sons, 2000.
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Velocidades e Perdas de Pressao Recomendadas para Escoamento em Tubulacao

Tabela 8. Velocidade recomendada para liquidos.

Fluido Velocidade recomendada
(m/s)

Agua

- Linha principal de abastecimento (16 in a 36 in) 24a3,0

- Linha de entrada ou saida de equipamento 24a3,7

- Linha de succ¢do de bomba 1,0a24

- Linha de descarga de bomba 1,8a3,6
Agua do mar ou solugdes salinas 1,5a 2,4 (minima = 1)
Acido cloridrico 1,5
Acido sulftirico 1,2
Amonia 1,8
Benzeno 1,8
Bromo 1,2
Cloreto de calcio 1,2
Cloreto de metila 1,8
Cloreto de vinila 1,8
Cloro 1,5
Cloroférmio (liquido) 1,8
1-2 Dibromo etano 1,2
1-2 Dicloro etano 1,8
1-1 Dicloro eteno 1,8
Estireno 1,8
Etileno glicol 1,8
Fragdes liquidas de petréleo e seus derivados de viscosidade
média (até 10 mPa.s)

- Suc¢@o de bomba 09al,8

- Descarga de bomba 1,5a24

- Escoamento por gravidade 1,5a24
Fragdes liquidas de petrdleo e seus derivados de viscosidade alta
(asfalto e 6leos pesados)

- Suc¢do de bomba 0,15a0,3

- Descarga de bomba 1,2al,5

- Escoamento por gravidade 0,3a0,9
Hidroéxido de sodio (até 30% em massa) 1,8
Hidréxido de sédio (30% a 50%) 1,5
Hidréxido de sédio (50% a 73%) 1,3
Oleos lubrificantes 1,8
Propileno glicol 1,5
Solugdo de aminas 1,5a2,1
Solucdo de cloreto de sédio (sem sélidos em suspensio) 1,5
Solugdo de cloreto de sédio (com s6lidos em suspensdo) 2,3
Tetracloroeteno 1,8
Tetracloreto de carbono 1,8
Tricloroeteno 1,8




Tabela 9. Velocidade recomendada para vapores e gases.

Fluido

(m/s)

Velocidade recomendada

Vapor d’4gua

- Saturado de baixa pressdo (até 207 kPa) para aquecimento

20 a 30 (maxima = 76)

- Saturado ou superaquecido de média pressio (207 kPa a

30 a 50 (maxima = 76)

1034 kPa)
- Saturado ou superaquecido de alta pressdo (acima de 1034 33a76
kPa)
- Saturado na entrada de mdquina acionadora de bomba ou 30a45
turbina
- Superaquecido na entrada de turbina 45a 100
- Exausto de turbina (até 207 kPa) 20 a 40
Acetileno 20
Acido cloridrico (gds) 20
Amonia 30
Ar (101 kPa a 308 kPa) 20
Bromo (gés) 10
Cloreto de metila (gés) 20
Cloro (gés) 10a25
Cloroférmio (gés) 10
Dié6xido de enxofre 20
Eteno 30
Gaés natural 30
Hidrocarbonetos
- Topo da coluna de fracionamento méxima = 23
- Vapores timidos 23 a43
- Vapores secos 43 a 61
Hidrogénio 20
Oxigénio 20
Tabela 10. Maxima velocidade recomendada para vapores (m/s).
Mol Pressdo (kPa
10 50 100 450 800 1500 3550
18 73 40 29 17 14 12 10
29 56 30 23 14 12 10 8
44 48 26 19 11 9 7 6
100 34 18 13 8 7 6
200 27 15 11 6 5 4
400 23 13 9 6 5

Tabela 11. Perda de pressao recomendada.

Fluido

Perda de pressdo admissivel (kPa/100 m)

Agua, 6leos leves, 6leos viscosos

- Suc¢do de bomba

5,65 (média)
11,31 (maxima)

- Descarga de bomba (média pressao)

22,62 (média)
45,24 (maxima)

- Descarga de bomba (alta pressao)

67,86 (média)
90,47 (maxima)

- Escoamento por gravidade

3,39 (maxima)




Liquidos saturados ou a temperatura a menos
de 10°C do seu ponto de bolha

- Sucgdo de bomba

1,13 (média)
5,65 (maxima)

- Descarga de bomba (média pressao) 22,62 (média)
45,24 (maxima)
- Descarga de bomba (alta pressao) 67,86 (média)

90,47 (maxima)

- Escoamento por gravidade

3,39 (maxima)

Referéncias: CRANE. Flow of fluids through valves, fittings and pipe. Crane Co. New York.
1976.; LUDWIG, E.E. Applied process design for chemical and petrochemical plants.Gulf
Publishing Co. New York, 1964.

Tabela 12. Velocidades recomendadas para fluidos em tubulacio: liquidos, gases e vapores em pressoes
baixas/moderadas até 50 psig e entre 50° e 100°F.

The velocities are suggestive oaly and are o be msed to appraxi.
mate line site as a starting point for pressure drop caleelations.

The fnal line sire shoald b= =uch as to give an eoomemical halamce
‘betwesn pressure drop and reasonable velocity

- - T - | -
Suggested Trial | | ! ﬁn‘*ﬂﬂl“d Trial
Fluid elocity Plps Matorial | Fluzid | elocity Pipe Material
Acetylene [(Observe ! Sodium Hydroxide |
pressure limitations) | A0MF fpm | Stesl O30 it & fps | Stesl
Akr, 0 Lo A0 peig S0 fpm | Steel I—80 Percent 5 fps | and
Ammronia | B0—T3 Percent | 4 Nickel
Liguid i fpa | Steel Sadium Chloride Sal'm.
Cas O fpm | Steel Na Solids | 5 fps | Stes
Benzene i fpa | Steel With Salids 18 Min.-
Bramine 15 Max.) Sanel or rickel
Liquid $ fps | Glam 75 fps
as SOy fpm | Glass Perchlorethylens 8 fps | Stesl
Calcium CEloride 4 fps | Sreel Steam
Carbon Tetrachbaride i fps | Sreel =30 pai Ssqurated® | WHH--ENHY fpm | Steel
Chiorine {Dryl S0=150 psi Sanu- |
Lisquad 5 fps | Steel, Sch. &0 raved or saper-
Cias 2000—5FHNMY fpm | Steel, Sch. B0 heared® | EHMND-10HHD Eprm
Chlpralorm 150 psi up
Liqueid i fpe | Copper & Steel | superbeated | AR 150N Epm
Gas MY fpm T r & Srewl | =Short lines | LA Epm
Ethylene Gas GO0 fpm | Stee | | (enax.)
Exhylene Dhbromide 4 f_pl Tlass | Ballwric Acid |
Exhylene Dchiaride B fps | Steel | Percent | dfps | 5. 5—306, Lead
Elh lene Gilyeol B fps | Steel : §d—10 Percen: | 4 fps | Cast [ron & Stesl,
00 fpm | Steal | | Sch.
f! -i-mchlnrlr Acid | Sulfur Dioxide | 4000 fpm | Steel
faid G fps | Rubber Lined | &E' B fps | Stes]
SHH) fpm | B, L., Saran, | T'rlch]uret}q'hne B fps | Stesl
Gas Haveg | Winyl Chicride | B fp= | Stesd
Methyl Chloride | Winyhidese Chiocide | B fpa | Steel
Liquid I i fpe | Steel | Water |
Gas MY Fpna | Seeel | Average mrvice |88 fave, B ips | Sted
Natural Gas el fpm | Steel | Burler rn_-o,-d | +- 12 fga | Steel
hils, lubricating i fps | Sreel | Pamp suCLiGn I:u:-. | 1-5 s | Spesd
Ben | 1800 fpm Max. | Steel (300 psig Max.) | Maxamum economi-
amlbent ttrnp] 40 fpm | Type d04 @I | cal {esuall ! T-10 fps | Steel
(Lo ltﬂ'll_p | | Sea and brackish R. L.. concrete,
Propylene Glyool | B fps | Steel | water, lined pipe | { asphalt-ling, sran-
| Cancrete [ 12 {Min)] lined, tramete

Moee: BL L. = Hjabb-eprm:d. steel.

Referéncia: LUDWIG, E. E. Applied Process Design for Chemical and Petrochemical Plants,

Volume 1, 3" edi¢éo, Tabela 2-4. Elsevier, 1995.
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Figura 12. Classes e tipos de bombas modernas.

Referéncia: HICKS, T. G. Standard Handbook of Engineering Calculations. 4" edicdo, Figura 8.

McGraw-Hill, 2004.

Tabela 13. Caracteristicas das bombas modernas.

Centrifugal Rotary Reciprocating
Volute Direct Double
and Axial Screw and acting acting
diffuser flow gear steam power Triplex
Discharge flow Steady Steady Steady Pulsating Pulsating Pulsating
Usuval maximum 15 (4.6) 15(4.6) 22(6.7) 22(6.7) 22(6.7) 22(6.7)
suction lift, ft (m)
Liquids handled Clean. clear:; dirty, Viscous; Clean and clear
abrasive: liquids non-
with high solids abrasive
content
Discharge pressure Low to high Medium Low to highest produced
range
Usual capacity Small to largest Small to Relatively small
range available medium
How increased head
affects:
Capacity Decrease None Decrease None None
Power input Depends on Increase Increase Increase Increase
specific speed
How decreased
head affects:
Capacity Increase None Small None None
increase
Power input Depends on Decrease Decrease Decrease Decrease

specific speed

Referéncia: HICKS, T. G. Standard Handbook of Engineering Calculations. 4" edi¢do, Tabela 5.

McGraw-Hill, 2004.



Summary of Essential Data Required in Selection of
Centrifugal Pumps

1. Number of Units Required

2. Nature of the Liguid to Be Pumped
Ie the liquid:
a. Fresh or salt water, acld or alkall,

oil, gasoline, slurry, or paper stock?

b. Cold or hot and if hot, at what

temperature? What is the vapor

preasure of the liquid at the pump-

ing temperature?

What is ita specific gravity?

In il viscous or nonviscous?

Clear and free from suspended lor-

eign matter or dirty and gritiy?

If the latter, what is the size and

nature of the solids, and arc they

abrasive? If the liquid is of a pulpy

nature, what iz the consistency ex-

presssd either in percentage or in

Ib per cu ft of Hquid? What is the

suspended materiall

J. What is the chemical analysis, pH
value, ete.? What are the expected
varintions of this analysis? If cor-
rosive, what hns been the past ex-
perience, both with successiul ma-
terials and with unsaiisfactory ma-
terinls?

3. Capacity
What is the required capacity as well
as the minimum and maximum
amount of liquid the pump will ever
be called upon to deliver?

4. Suction Conditions
Is there:
a. A suction life?
b, Or a suction head?
¢. What are the length and dinmeter
of the suction pipe?

P RDP

5. Discharge Conditions
a. What is the static head? [Is it eon-
stant or variahle?
k. What is the fnction head?
c. What is the maximum discharge
pressure against which the pump
miust deliver the Hquid?

6. Total Head
Variations in items 4 and 5 will cauyss
variations in the total hesd.

Is the serviee eontinuous or inbermil-
tent?

T

g Is the pump Lo be installed in 8 hon-
rontal or wvertical position™ If the
I‘tt"l
a. In a wet pit?

b. In a dry pit?

9. What type of power is available to
drive the pump and what are the char-
acteristics of this power?

10. What space, welght, or transportation
Hmitations are invelved?

11, Location of installation
a, Geographical location
b. Elevation above sea level
e. Indoor or ouldoor installation
d. Range of ambient Lemperitures

12. Are there any &pecial réquiréments or
marked preferences with respect Lo the
design, construction, or performance
of the pump?

Figura 13. Tabela tipica de selecio para bombas centrifugas.

Referéncia: HICKS, T. G. Standard Handbook of Engineering Calculations. 4" edi¢ao, Figura 7.

McGraw-Hill, 2004.




Figura 14. Straight-vane, radial, single-suction closed impeller.

Referéncia: KARASSIK, 1. J. et al. Pump Handbook. 3" edi¢éo, Figura 25. McGraw-Hill, 2000.

Figura 15. Rotores semi-abertos.

Referéncia: KARASSIK, 1. J. et al. Pump Handbook. 3" edi¢éo, Figura 34. McGraw-Hill, 2000.

Figura 16. Rotores abertos.

Referéncia: KARASSIK, 1. J. et al. Pump Handbook. 3" edi¢do, Figura 37. McGraw-Hill, 2000.



RPH, n = 2900 rpm
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Figura 17. Secéo transversal de uma bomba de engrenagem externa.

Referéncia: LIQUIFLO. Engineering — Gear Pump Basics.

Figura 18. Curva caracteristica de bomba centrifuga (2900 rpm).

Referéncia: KSB API Pumps.
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RPH, n = 1450 rpm
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Figura 19. Curva caracteristica de bomba centrifuga (1750 rpm).

Referéncia: KSB API Pumps.
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Figura 20. Expoente, n, para os perfis de velocidade da lei de poténcia.

Referéncia: MUNSON, B. R. et al. Fundamentals of Fluid Mechanics, 6" edi¢do, Figura 8.17,
John Wiley & Sons, 2009.
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Figura 21. Fluxo laminar tipico e perfis de velocidade em fluxo turbulento.

Referéncia: MUNSON, B. R. et al. Fundamentals of Fluid Mechanics, 6" edi¢do, Figura 8.18,
John Wiley & Sons, 2009.
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Figura 22. A tendéncia histérica de padronizacio dos automoveis para reduzir seu arrasto aerodiniamico e
aumentar as milhas percorridas por galao.

Referéncia: MUNSON, B. R. et al. Fundamentals of Fluid Mechanics, 6° edi¢ao, Figura 9.27,
John Wiley & Sons, 2009.
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Figura 23. Escoamento em camada limite sobre placa plana.

Referéncia: MUNSON, B. R. et al. Fundamentals of Fluid Mechanics, 6 edi¢do, Figura 9.27,
John Wiley & Sons, 2009.



FLUIDOS NAO NEWTONIANOS,
DEMAIS INFORMACOES E
GRAFICOS
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Fluidos Nao Newtonianos

Caracteristicas
Nio seguem a lei de viscosidade de Newton dada por:

T=—uy = —u[Vv + (V)]

A relacdo entre a tensdo de cisalhamento e a taxa de deformagdo ndo é uma funcio
linear, sem passar pela origem dos eixos das coordenadas.

A viscosidade aparente ¢ funcdo da taxa de deformacdo e em alguns casos dependente
do tempo:

T = —Hqy sendo pig = g (¥, 1)

Tipos de fluidos nao newtonianos (Brodkey, 1967; Brodkey, 1988)

O comportamento pode depender da concentra¢do, do modo de preparagdo, da idade,
das condi¢des de ensaio, do instrumento usado, do tempo de medicdo adotado e de outros
fatores.

Tipos independentes do tempo

Shear thinning fluid (fluido pseudopldstico)
A viscosidade aparente decresce com o aumento da tensdo de cisalhamento.
No gréfico de [logt x logy], a inclinagdo é menor do que 1.

Shear thickening fluid (fluido dilatante)
A viscosidade aparente cresce com o aumento da tensdo de cisalhamento.
No grafico de [logt x logy], a inclina¢do é maior do que 1.

Bingham plastic fluid (fluido pldstico de Bingham) e generalized plastic fluid

Nao escoa até que a tensdo de cisalhamento exceda um valor 7,. A viscosidade aparente
pode ser constante (ideal Bingham plastic) ou nao (generalized plastic) em relacdo a tensdo de
cisalhamento.

Tipos dependentes do tempo

Thinning with time (fluido tixotropico)

E aquele em que, num ensaio feito a taxa de deformacdo constante, a tensido de
cisalhamento (ou a viscosidade aparente) diminui com o tempo (ao longo do ensaio).

A curva reoldgica obtida num ensaio depende do tempo de resposta adotado,
suficientemente rdpido ou ndo para seguir o efeito da taxa de variagdo com o tempo.



Thickening with time (fluido anti-tixotrépico ou reopético)
A viscosidade aparente aumenta com o tempo.

Viscoeldstico
Apresenta tanto o comportamento de fluido (viscoso) e de sélido (eldstico).

Caracterizacao reoldgica
Tipos de viscosimetros:

Viscosimetro capilar: medem-se a queda de pressdo e a vazao de escoamento, usando-
se diversos didmetros e comprimentos.

Viscosimetro rotacional (cilindros concéntricos, placa-cone): medem-se o torque (—
tensdo de cisalhamento 7) e a rotag@o (com a geometria — taxa de deformacao y).

Cuidados na medicao (Brodkey, 1967):

Os métodos de medicdo de um ponto simples de viscosidade, envolvendo apenas uma
taxa de deformacdo, t€m pouca aplicabilidade para fluidos ndo newtonianos.

O tempo de medicdo deve ser condizente com o tempo de resposta do material.

H4 diversos problemas comuns que podem complicar a medicdo: a existéncia de “plug
flow”, escorregamento na parede, efeitos de aquecimento, efeitos de extremidade, instabilidade
laminar e turbuléncia.

Deve-se observar como € definido o valor da “viscosidade” fornecido pelo redmetro.

Exemplos de fluidos nao newtonianos

Pseudopldsticos:
maionese, suco de laranja, solu¢do de sabdo, esgoto com detergente, licor negro,
solugdo de altos polimeros, solucdo de polietileno, emulsdo de borracha litex, solugdo
de ésteres de celulose em solventes organicos, pldsticos fundidos, tintas, pasta celuldsica
em suspensao aquosa, sangue, solugdo de acetato de celulose.

Dilatantes:
solugdes de goma ardbica, cola acrilica, solugdes de silicato de potéssio, suspensdes de
amido, suspensdes de areia, suspensdes de 6xido de titanio, suspensdes com alto teor de
s6lidos de modo geral.

Binghamianos:
suspensdes de rochas e minérios, suspensdes de didxido de tdrio, argila e talco, lamas de
perfuracdo, sucos de frutas com muita pectina, pasta de dente.

Tixotropicos:
areia movedica, molho de tomate, margarina, tintas de impressdo, polimeros em
solucdo, plasticos fundidos, lamas de perfuragdo.



Reopécticos:
suspensdes de bentonita e gesso, suspensdo de oleato de amodnio.

Viscoeldsticos:
betumes, gelatinas, massa de pao, polimeros em solugdo, plisticos fundidos.
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Figura 24. Diagrama basico de cisalhamento ilustrando o comportamento tipico de fluidos reais.

Referéncia: BRODKEY, R. S.; HERSHEY, C. H. Transport Phenomena — A Unified Approach.
Figura 15.1, pg 757. Singapura, McGraw-Hill, 1988.
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Figura 25. Diagrama basico de cisalhamento completo para um fluido pseudoplastico.

Referéncia: BRODKEY, R. S.; HERSHEY, C. H. Transport Phenomena — A Unified Approach.
Figura 15.2, pg 758. Singapura, McGraw-Hill, 1988.
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Figura 26. Curva de Ostwald para um fluido pseudoplastico, incluindo a diminuicdo da tensio com o tempo.

Referéncia: BRODKEY, R. S.; HERSHEY, C. H. Transport Phenomena — A Unified Approach.
Figura 15.5, pg 762. Singapura, McGraw-Hill, 1988.
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Figura 27. Dados representativos de tixotropia em uma suspensao 59 % wt de argila vermelha.

Referéncia: CHHABRA, R. P.; RICHARDSON, J. F. Non-Newtonian Flow in Process
Industries.Fundamentals and Engineering Applications. Figura 1.10, pg 16. Oxford, Butterworth
Heinemann, 1999.
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Figura 28. Inicio da reopexia em um poliéster saturado.

Referéncia: CHHABRA, R. P.; RICHARDSON, J. F. Non-Newtonian Flow in Process
Industries.Fundamentals and Engineering Applications. Figura 1.12, pg 18. Oxford, Butterworth
Heinemann, 1999.
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Figura 29. Grafico esquematico do comportamento tensiio de cisalhamento x taxa de deformacio para um
fluido cujo comportamento dependa do tempo.

Referéncia: CHHABRA, R. P.; RICHARDSON, J. F. Non-Newtonian Flow in Process
Industries.Fundamentals and Engineering Applications. Figura 1.11, pg 17. Oxford, Butterworth
Heinemann, 1999.
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Figura 30. O sifao sem tubo. (N) Quando o sifao é retirado do fluido, o fluxo do fluido newtoniano para e (P) o
fluido macromolecular continua a ser sifonado.

Referéncia: BIRD, R. B.; STEWART, W. E., LIGHTFOOT, E. N. Transport Phenomena.
Figura 8.1-6, pg 235. 2" edi¢é@o, John Wiley & Sons, 2007.

(N) (P)

Figura 31. Fluxos secundarios em um sistema disco-cilindro. (N) O fluido newtoniano se move para cima no
centro; (P) O fluido viscoelastico, poliacrilamida, se move para baixo no centro.

Referéncia: HILL, C. T. Trans Soc. Rheol., 16, 213-245, 1972.

Figura 32. Uma soluc¢io de sabao e aluminio, feita com dilaurato de aluminio e m-cresol, é: (a) vertida a partir
de uma proveta e (b) cortada ao meio. Em (c), note que o liquido acima do corte recolhe-se de volta a proveta e
somente o fluido abaixo do corte cai no recipiente.

Referéncia: LODGE, A. S. Elastic Liquids. Nova lorque: Academic Press, 1964.
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Figura 33. Fluxo através de tubulacéo horizontal.

Referéncia: CHHABRA, R. P.; RICHARDSON, J. F. Non-Newtonian Flow in Process
Industries.Fundamentals and Engineering Applications. Figura 3.1. Oxford, Butterworth
Heinemann, 1999.

Valocity distribution Stress distibution

e

Figura 34. Representacdo esquematica das distribuicGes de tensio de cisalhamento e velocidade em um fluxo
laminar completamente desenvolvido em tubulacio.

Referéncia: CHHABRA, R. P.; RICHARDSON, J. F. Non-Newtonian Flow in Process
Industries.Fundamentals and Engineering Applications. Figura 3.2. Oxford, Butterworth
Heinemann, 1999.

Wall

1.0
‘ 0.8 s

0.6

£ o A\ SSERl
0.2 RS Len

“* ] = =
e~ — ] — ] s
0.2 "

L

e
04 /e
0.6 e :
[
0B e
1.0
O 05 10 15 20 25 A0 a5
v, I
v

Figura 35. Distribuicdo de velocidade para fluidos de lei de poténcia em regime laminar, em tubulacéo.

Referéncia: CHHABRA, R. P.; RICHARDSON, J. F. Non-Newtonian Flow in Process
Industries.Fundamentals and Engineering Applications. Figura 3.3. Oxford, Butterworth
Heinemann, 1999.



Escola Politécnica da Universidade de Sdo Paulo
Departamento de Engenharia Quimica
PQI-2201- Fenémenos de Transporte 1

Fator de Atrito de Fanning

Fluido Newtoniano

Regime laminar (Nz, < 2100) f==
Re
Regime turbulento (Ng, > 4000) if = 41og;o(Nger/f) — 0,4
onde Ng, = £YbD
u
Fluido da Lei de Poténcia (Power Law) c=K@y)"
. . 16
Regime laminar (NRe,PL < NRe,PL,critical) f= Nropr

D™p2 M an \"
onde NRE‘,PL = ( b p)( )

gn-1g 3n+1
_ 64640
NRe,PL,critical - 1 \@+n)/(1+n)
(1+3n)2(=)
24n

Observagdo: Ng, py criticar POde ser obtido a partir da Figura 1.1 de Valentas et al., 1997

Regime turbulento (NRe,pL > NRe,lecritical)

\/if - (ﬁ) logyo[(Nge,p) f11~ /2] — (%)

Observagido: f pode ser obtido a partir da Figura 1.2 de Valentas et al., 1997.

Fluido Herschel-Bulkley oc=K@y)"+o,
. . 16
Regime laminar f= N
Re,PL

(1-c)? Zc(l—c)_l_ c? ]n
(1+3n) (1+2n) (1+n)

onde W= (1+3n)"(1-c)t*" [

2-n

n N2 /WP\n
Neern = 2o (7537) (2)

2—-n

D?p (0o\ 1
Niem = K (?)



Observagido: f pode ser obtido a partir das Figuras 1.6 a 1.15 de Valentas et al., 1997
Escola Politécnica da Universidade de Sdo Paulo
Departamento de Engenharia Quimica
PQI-2201- Fendémenos de Transporte I

Perda por Atrito em Singularidades

Fluido Newtoniano: Regime turbulento
Usar dados da Tabela 1.5 de Valentas et al., 1997.

Contragdo brusca ky = 0,55 (1 - A_j) (&)
Expansdo brusca ke = ( - j_:)z (%)

onde a=1

Fluido Newtoniano: Regime laminar
Usar dados da 1.6 de Valentas et al., 1997.

Fluido Nao Newtoniano: Ng, ou Ng, p;, > 500
Usar dados da Tabela 1.5 de Valentas et al., 1997.

Fluido Newtoniano ou Ndao Newtoniano: 20 < Ng, ou Nge p;, < 500

Adotar ks = /N onde N = Ng, ou Ng,pj,

ﬁ - SOO(kf)turbulento
(kf) € obtido da Tabela 1.5 de Valentas et al., 1997.
turbulento

Para contragﬁo brusca: (kf)turbulento = ()’55 ( — j_j) (S)
2
ara expansﬁo brusca: k =(1-— A 2
u 2
P ( f)t rbulento ( A ) (a)
onde g = 2@n+D(n+3)

3(3n+1)>2



Tabela 14. Propriedades reoldgicas de laticinios, peixes e carnes.

T n K o, T
Product ro i (Pas" (Pa) =)
Cream, 10%: &t A 10 0148 _ _
[ I 0107 — —_
B 1D (003 — _
Cream, 0% &t 4 10 238 — —
& 10 1Tl — _
8 1D L)l — —
Cream, 30 @t 2 10 [3e5 _ _
& 10 ROk — _
B 1D 020 —_ _
Cream, 407 @t A 10 OG0 _ _
[ (0510 — —_
B 1D [Ees — _
Minced fish paste i 2l B35 1600.0 §7-238
P, meat barfers
15 13 688 15 155 633 153 300-500
187 118 659 15 14 B3RO0 I8 30300
15 121 632 15 R 423 0 300500
0 102 375 15 341 1802 278 300300
338 95 345 15 300 133 179 300300
250 69 459 15 T8 120 13 300300
4350 68 439 15 B85 178 276 300300
673 189 18 15 205 3068 o 30500
Milk, homogenized 10 02000 _ _
E 01300 — —_
4 10 01100 — _
o L0 0] — —_
& 10 0077 — _
mLD T — —
B 1D 0060 —_ _
Milk, raw 0 10 ROIERE] — _
5 10 (0305 —_ _
1w 1o 0264 — _
1o [pea — —_
25 10 L1 i ] — _
E [14e — —_
35 10 134 — _
2 10 0123 — —_
& %eFat
» % Protein
“Moizrare Content

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Tabela 1.1.Boca Raton, CRC, 1997.



Tabela 15. Propriedades reoldgicas de 6leos e outros produtos.

T n K 0. b
Froduct % Tokl salids  {°C) - Pas™  Pa) )
Chocolate, melted 461 54 57 118
Homay
Buckwheat 184 ME 190 388
Golden Fod 104 M3 14 28
Sage 184 39 14 BEE
Swest Clover 1740 M7 149 720
White Clover 182 32 140 480
Mayoomaize 5 55 64 301300
5 50 41 401100
Mustand 25 ] 18.5 301300
5 = hrl 401100
(nls
Casior 10 190 242
1] 1.0 A3l
40 190 31
100 1.0 o1ae
Com. EH] 190 0317
15 10 0343
Cottonzead 20 190 0704
EH] 10 0306
Limsead 50 190 0176
1] 10 0071
Oine 10 190 1380
L] 190 0343
] 190 0124
Peamut 135 140 656
380 190 0251
211 19 06T 31
378 14 0387 -4
M4s 14 0268 31
Fapessed 00 10 2.530
00 19 163
g 14 094
Saffiower 380 190 0286
130 10 1]
Sesama 380 190 0324
Sovbean 300 10 406
500 19 0206
00 14 078
Suniovwer 380 190 0311

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Tabela 1.2.Boca Raton, CRC, 1997.



Total salkds
Product %l
Apple
Pulp —_
Smuce 116
118
118
s
]
Y
Apricots
Pures 177
34
414
443
514
552
503
Feliahle, conc.
Gresn 70
70
Bipe M1
M1
Fipened 236
136
Owemipe 260
260
Banana
Pures 4 —_
Pures B _
Puree (17.7 Box) _
Blusherry, pie filling —
Camot, Pures —
(reen Bean, Pures —
Guawa, Puree (10.3 Brix) —
Marzo, Paree (9.3 Brix) —_
Orimge Fuice
Concentras
Hamlin, eardy —_
425 Brix —_
Hamilin, lage —_
41.1 Brix —
Pinzapple. ety -
40.3 Brix —

Tabela 16. Propriedades reoldgicas de frutas e vegetais.

T

g8

(=]

BEEEEER

54

M1

5

15

=10

L1
&

15

=10

5
&

15

=10

B RRER

n
=

i

2]

A58

BeBE

BRE

585

76
05

i

560
o]
3
557
631
J13

(Pa-s")

6503

137

1.6
on
13
5.8
418

1073

M16
1601

i

33137
33137
33137
33137
33137
33137
33137
EESE

Referéncia: VALENTAS, K. J.; ROTSTEIN,

E.; SINGH, R. P. Handbook of Food
Engineering Practice, Tabela 1.3.Boca Raton,

CRC, 1997.

Total salids
(%)

458
458
458
458
140
140

140
140

58
58

118
128
118
128
160
160
160
160
250
250
250
250
300
300
300
300

T
{"C}
>

15

=10

=10

321

65.5
321
488
65.5

321
488
G55

321
488
455

321
488
65.5

Epkke e

477

]
H

A
43

335

A5
A5

4l

W]

Al

43
A4

]

s

43
A5

(Pa-s")
564
13432
15584
35414
59
6.714

N6
247
11802
18751
41412

146

i)

0500
0500
0500
0500
0500
0500
0500
0500
0500
0500
0500

1-140

20-1000
S0-1000

2300
2-300

550
5-50
160-3200



Tabela 17. Coeficientes da correlacao para o fator de atrito de Fanning para fluxo laminar de produtos

. e . A e . ~ b
alimenticios que seguem a lei de poténcia, usando a seguinte equacio: f = a(N Re,pL)

Product =) 3* b Spurce

Tdeal power law 160 -1.00  Thear=tical prediction
Pinsapple pulp 134 -1.00  Fozema and Beverloo (1974)
Apricot pures 114 -1.00  Fozema and Beverloo (1974)
Crangze concenirate 142 -1.00  Fozema and Beverloo (1974)
Applesauce 117 -1.00  Fozema and Beverloo (1974)
Mhustard 113 -1.00  Fozema and Beverloo (1974)
Mayonnaise 154 -1.00  Fozema and Beverloo (1974)
Applejuice conceniTae 184 -100  Fozeona md Beverloo (1974)
Comibined data of tomate concenfrate and apple pares 01 —-031  Lewnckd and Skherkowsld (108E)
Applesauce 1414 -105  Seeffeetal (1084

* 2 md b are dimensionless mambers.

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Tabela 1.4.Boca Raton, CRC, 1997.

Tabela 18. Coeficientes para perda de carga para escoamento turbulento de fluidos newtonianos através de

valvulas e conexdes.

+ This &5 pressure drop (mchiding frictson less) between run and branch,

Type of Filling or Valve k; o - N
based on velodty in the main stream hefors branching. Acoal vake

45% allbom, standard 035 depend: on the flow split, mnzing from 0.5 to 1.3 if main sream enters

45 elhow, loog radins 02 run and 0.7 to 1.5 if puéin stream enters branch.

B0 elhow, standard 0.75 » The faction open iz directly proportional to steam travel of frns of
Long mdios 045 hand whesl. Flow direction through some types of valves has a small
Square or mifer 13 efect on pressure drop. For practical purposes this afect may be

1807 bend, clese retam L3 neglectsd

Tea, sandard, alonz nn, branch blanked off 04 « Values apply anly when check vaive is fully open, which is penemlly
TUsed as elhow, enfering nm 10 the case fior velocites more than 3 fi's for water
ME e %mmm i:g_ Data Som Sakiadis, B, C. 1084 Fhuid and particls machamics. In- ey

Coupling 00 RH,MD:H’.MLM@I.U(QJ.M'EMMEHF

Umion o novrs” Hadbook, &th ed, Sect. 5. MoGraw-Hill, New York.

Jaite i L

(Gate, walve, open 017
34 Opame 00
L2 Opat <35
174 Opezt 40

Diaphmem valve, open 23
34 Opae 16
12 Opet 43
L4 Ot o

(Globe valve, bevel seat, open a0

12 Orper? a3
Composition s=at, open a0
172 Orpep B3
Phug disk, open a0
34 Orpen® 130
172 Orper? 340
14 Orpent 1120

Angls walve, apeane 20

Plhus cock
o =1 (fully opan) 00
a=5 005
a=10r 029
a=1rF 136
a=4r 173
a=6FF 20460

Bunerdy valve
o= (fully opem) 0.0

=58 T, .
ol °% Referéncia: VALENTAS, K. J.; ROTSTEIN, E ;
e =£ |é;4 SINGH, R. P. Handbook of Food Engineering
a= }
o =6 1180 Practice, Tabela 1.5.Boca Raton, CRC, 1997.

Cherk valve, swing 20
Diizk 10.0¢

Ball T



através de valvulas e conexoes.

Tabela 19. Coeficientes para perda de carga (valores de ky) para escoamento laminar de fluidos newtonianos

Type of filiing or valve 1040 S0 L]

807 el shart radius 0s 1.0 75

Tee, standard, alons nm 04 03 15

Brnch to line 5 18 49

(Gate valve 12 17 La
Glove vahe, compoesition disk 1 12 A
Plugz 2 14 18
Angle valve ] B3 11
Check valve, swing 2 435 17

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Tabela 1.6.Boca Raton, CRC, 1997.

Tabela 20. Valores de 8 para a equacdo 1.41 (kf = B/N).

Type of fitting or valve B M
00" Short curvature lbow, 1 and 2 mch B2 11000
Fully open ez valve, 1 and 2 inch L T T 1
Fully open square plog globe valve, | mch 1480 1-1d
Fully open circular ploz globe sahe, 1 imch i -0
Conttion, 4./4 = 0445 11 1-1M
Conmaction, A4, = 0650 5 1-1m
Expansion. A4, =152 2 W
Expansion, A4, =187 139 1-1M

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Tabela 1.7.Boca Raton, CRC, 1997.
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Figura 36. Valor critico do niimero de Reynolds da lei de poténcia (Ng, p;) para diferentes valores do indice de

comportamento de fluxo (n).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.1.Boca Raton, CRC, 1997.
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Figura 37. Fator de atrito de Fanning (f) para fluidos que seguem a lei de poténcia (relacdo de Dodge e
Metzner, 1959).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.2.Boca Raton, CRC, 1997.
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Figura 38. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=1,0, baseado na relacio de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.6.Boca Raton, CRC, 1997.
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Figura 39. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,9, baseado na relacio de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.7.Boca Raton, CRC, 1997.
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Figura 40. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,8, baseado na relacao de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.8.Boca Raton, CRC, 1997.
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Figura 41. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,7, baseado na relagdo de Hanks
(1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.9.Boca Raton, CRC, 1997.
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Figura 42. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,6, baseado na relacio de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.10.Boca Raton, CRC, 1997.
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Figura 43. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,5, baseado na relacio de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.11.Boca Raton, CRC, 1997.
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Figura 44. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,4, baseado na relacao de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.12.Boca Raton, CRC, 1997.
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Figura 45. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,3, baseado na relacao de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.13.Boca Raton, CRC, 1997.
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Figura 46. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,2, baseado na relacao de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.14.Boca Raton, CRC, 1997.
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Figura 47. Fator de atrito de Fanning (f) para um fluido Herschel-Bulkley com n=0,1, baseado na relacao de
Hanks (1978).

Referéncia: VALENTAS, K. J.; ROTSTEIN, E.; SINGH, R. P. Handbook of Food Engineering
Practice, Figura 1.15.Boca Raton, CRC, 1997.
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Referéncia: MUNSON, B. R. et al. Fundamentals of Fluid Mechanics, 6" edi¢do, Figura 11.3,
John Wiley & Sons, 2009.
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Figura 50. Variacio de u, com a posi¢io no interior da camada limite laminar sobre uma placa plana.

Referéncia: SCHLICHTING, H. Boundary Layer Theory, 7* edi¢do, Figura 7.7, McGraw-Hill,
1979, adaptado.



_.u-"""/ g,

0 . 2 3 4 5 6 "=Y0x

Figura 51. Variacio de u, com a posic¢ao no interior da camada limite laminar sobre uma placa plana.

Referéncia: SCHLICHTING, H. Boundary Layer Theory, 7* edi¢do, Figura 7.8, McGraw-Hill,
1979, adaptado.
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Figura 52. Tensao de cisalhamento em duto retangular.

Referéncia: SCHLICHTING, H. Boundary Layer Theory, 7* edi¢do, Figura 18.4, McGraw-Hill,
1979, adaptado.
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Figura 53. Perfil universal de velocidade para escoamento em um tubo circular liso.

Referéncia: WELTY, J. R. et al. Fundamentals of Momentum, Heat and Mass Transfer. 5°
edicdo, Fig. 12.15, pg. 162, John Wiley and Sons, 2008, adaptado.
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Figura 54. Comprimento de mistura como uma funcio da posicao radial.

Referéncia: SCHLICHTING, H. Boundary Layer Theory, 7* edi¢do, Figura 20.5, McGraw-Hill,
1979, adaptado.
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Referéncia: SCHLICHTING, H. Boundary Layer Theory, 7* edi¢do, Figura 20.1, McGraw-Hill,

1979, adaptado.
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Figura 56. Nimero de poténcia para varios tipos de rotor.

NWAOHA, C.; ONYEWUENYI, O. A. Process Plant

Equipment. Operation, Control and Reliability. Figura 12-2. John Wiley & Sons, 2012.
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Figura 57. Desempenho de uma bomba centrifuga.

Referéncia: MUNSON, B. R. et al. Fundamentals of Fluid Mechanics, 6 edi¢do, Figura 12.17,
John Wiley & Sons, 2009.
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Figura 58. Fator de atrito de Fanning versus niimero de Reynolds e rugosidade relativa.

Referéncia: WELTY, J. R. et al. Fundamentals of Momentum, Heat and Mass Transfer. 5°
edicdo, Fig. 13.1, pg. 173, John Wiley and Sons, 2008, adaptado.
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Figura 59. Fator de atrito versus nimero de Karman e rugosidade relativa para tubos comerciais.
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Figura 60. Coeficiente de atrito para esferas e discos.

Referéncia: WELTY, J. R. et al. Fundamentals of Momentum, Heat and Mass Transfer. 5°

edicdo, Fig. 12.4, pg. 141, John Wiley and Sons, 2008.
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Figura 61. Coeficiente de arraste para escoamento sobre um cilindro infinito.

Referéncia: WELTY, J. R. et al. Fundamentals of Momentum, Heat and Mass Transfer. 5°
edicdo, Fig. 12.2, pg. 139, John Wiley and Sons, 2008, adaptado.



