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Compendio de Tablas y Graficos

Constante Universal de los Gases

Temp. Press. Vol. Wt Energy
scale units units units units R
Kelvin g-moles calories 1.9872
g-moles | joules (abs) §.3144
g-moles | joules (int) §.3130
atm. cm? a-moles atm cm” 82.067
atm, liters | g-moles atm liters 0.08205
mm. Hg | liters | g-moles mm Hgliters 62.361
bar liters | g-moles bar-liters 0.08314
lcg/cmg liters —moles kg/(cmg)(litexs) 0.08478
atm ft? -moles | atm-ft? 1.314
mm Hg ft? Ib-moles | mm l'lg-ft3 998.9
Ilb-moles | chu or peu 1.9872
Rankine lb-males | Btu 1.9872
Ib-moles | hp-hr 0.0007805
Ib-moles | Jow-hr 0.0005519
atm fté Ib-moles | atm-f¥* 0.7302
inH ft* Ib-moles | in He-ft? 21.85
mm ft? Ib-moles | mm Ho-ft? 555.0
b ngaﬁs 8 Ib-males | (Ib)f)in® 10.73
Ibfabs | ¥ Ib-moles | ft-1b 1545.0

Formulas para la Conversion de Temperaturas

°F =°C-9/5+32
°C =(°F -32)-5/9

R =°F +459,69
K =°C +27315
K=R-5/9

Diferencia de Temperatura, AT

°F =°C-9/5
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Compendio de Tablas y Graficos

Propiedades Termodinamicas del Vapor Sobrecalentado

Pressure, bar
Temperature,
K 0.1 0.3 1 3 10 20 40 60 80 100
v 16.12 1.027.-3 L027.-3 1.027.-3 1.027.-3 1.026.-3 1.025.-3 1.024.-3 1.023.-3 1.023.-3
50 h 2644 3217 2318 3221 3225 3213 3249 326.4 3281 3207
5 8.327 1.0a7 1037 1037 1037 1036 1033 1034 1032 1031
o 18.44 167 18327 LOGT.-3 LOGT -3 10663 10653 1.064.-3 1063 -3 L061.-3
400 h 2739 735 2730 5331 5334 5.1 535.4 536.8 538.2 5306
5 8.381 T.H31 7802 LEDL LE00 L5499 1597 1.585 15893 15892
o 20.75 4.14 2.063 0.410 1.124.-3 1.123.-3 1.121.-3 1.119.-3 L1183 1.116-3
4500 h 2835 2533 2830 2804 740.0 T40.8 7o0.8 7319 733.0 T34.1
5 8811 B.061 T.736 6049 2110 2107 2105 2102 2009 20807
v 23.07 461 2,398 0.452 0.221 0.104 1.201.-3 11883 1.196.-3 1.183.-3
500 h 2032 293 2929 2012.4 2801.2 2810.4 75.8 076.3 976.8 9773
5 9.012 B.261 T4 7177 6.523 6.422 2578 2575 2571 2.567
o 27 5.33 276 0.548 0.271 0.133 L0630 0.0396 00276 0.0201
600 h 3131 3130 3129 3120 3100 G087 3006 2476 2606 2820
5 0.374 BA30 B.300 7.560 7.23 6.875 6.500 6.224 5.997 5773
o 323 .46 323 0,643 0.519 0.158 0076 00500 000346 0.0283
TO0 h 3335 1335 134 3328 3322 3307 3278 3247 3214 3179
5 0.602 B.O46 8625 TEIT 7.550 7215 f.864 BG4 6431 6,334
o 36.9 7.38 168 0.736 0367 0.182 1L.0E8G 0.0559 0L36 0,034
BOD h 3347 1546 1546 3342 7 3526 3506 MAs 464 3442
5 0471 0.228 5008 5161 7.837 7507 7151 b.065 G800 G685
o 415 831 415 0.829 0414 0.206 0102 00674 00501 00368
00 h 3763 3763 764 3761 3757 3750 3737 3719 1T I688
5 10.228 9.485 0.165 5.420 5007 7770 7462 7.237 T2 BYTS
o 46.2 9.23 4615 00921 0460 0.229 114 00758 00564 00445
1000 h 3090 3080 240 3087 3084 3078 3967 3055 044 3035
5 10.466 9.723 9.402 5,650 5.336 5011 7682 7456 T35 7.233
o 6.2 139 6.92 1.383 0,602 0.341 L1730 01153 00865 0.0602
1500 h 5231 5228 5227 5225 5224 5221 5217 5212 5207 5203
5 1047 10.77 10.40 .66 0.34 02015 8,603 8.503 8.368 8.262
e 3.0 156 0.26 1.850 0925 0.462 0.231 01543 0.1157 00026
2000 h 6832 6734 G706 GBA2 G649 ] ] G623 6619 GE16
5 1238 1158 1125 10.48 10.13 0.528 8.503 0.313 0.178 9.073
o 1237 240 1190 235 L171 0.583 0.261 01542 01457 0.1166
2300 h 10417 9330 046 5621 5504 5413 8342 8307 8285 8269
5 13.95 12.73 12.28 1133 10.80 10.62 10.26 10.06 9.920 0810
*p = specific volume, m¥kg; h = specific enthalpy, k]/kg: = = specific entropy, kJ/(kg-K). The notation 1.027.-3 sipnifies 1.027 = 10,
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Compendio de Tablas y Graficos

Pressure, har

Temperature,
K 150 200 250 300 A0 500 ] B0 200 1M
o L0203 LO18.-3 Li16.-3 1.014.-3 L0093 LO05.-3 1.002.-3 0.937.—4 0.500.—4 0.865.—4
3500k 3337 3377 MLT 3447 3518 3618 360.7 3857 3037 401.7
5 1028 1025 1022 1019 1013 Loo7 1001 0.991 0.985 0.979
v L0593 L056.-3 L053.-3 1.050.-3 1.045.-3 1.041.-3 1.035.-3 1.027.-3 1.022-3 LO18.-3
A R 5411 546.5 5501 5535 5606 567.85 5744 550.3 596.5 603.8
5 1587 1583 1578 1574 1363 1587 1.549 1533 1.526 1518
v 11123 L1083 1.105.3 1.101.-3 L0043 L0883 10823 L0703 1.065.-3 10503
4500k T36.8 7305 1623 763.2 T7L0 7764 7830 795.3 8016 8079
5 2088 2082 2076 2070 2060 2049 2039 2.019 2.010 2.002
o 1187 -3 11813 1.175.3 L1703 L1603 1.151.-3 1.142.-3 11263 1.119.-3 1.112-3
500 R O78.8 080.3 0981.9 083.7 O8T.4 9915 9495.9 1005.3 1010.3 1015.4
5 2558 2540 2541 2533 2317 2502 2458 2461 1449 2437
v 15193 1.483.-3 14543 14283 1.302.-3 1.362.-3 1.337.-3 1.296.-3 1.280.-3 1.265.-3
GO0 R 1459 1488 1479 1472 1462 1456 1452 1447 1447 1447
5 3501 3469 3443 3419 3379 3.346 3.316 3.266 3.244 3.223
v 1724 -2 L157-2 | TO86-3 | 54163 | 26303 | 20383 1.831.-3 16303 1.580.-3 15363
T R 3082 2965 2821 2635 23233 2054 021 1962 1946 1931
5 6037 5770 5404 5.179 4354 4308 4192 4.058 4.012 3972
o 21952 15752 12012 | 95123 | 63013 | 45763 3.406.-3 24843 22393 | 2072-3
B0 R 1386 3395 3261 3193 3047 2895 ar. 2567 2508 2465
5 G444 6.252 GOB6 5434 5654 5.307 5173 4.864 4.761 4.701
o 25002 1800 -2 1483 -2 1207-2 | BA19-3 | 63813 5.957.-3 37043 14543 | 28073
O R 3640 3609 1568 3326 3440 3354 3260 3113 049 2005
5 6.755 6.557 6449 6.327 6.119 5.040 5.780 5.510 5.309 5.305
v 19542 2.156.-2 1.726.-2 1.420.-2 1038-2 | 5.102-3 6.605.~3 4.792-3 4212-3 | 3.763-3
1000k 300 3874 845 3816 3756 3697 3640 3532 482 M35
5 7023 6867 6.741 6,633 6.453 6.302 6.172 5.951 5.556 5.727
o 0461 00346 0.0277 0.0231 00173 0.0139 10116 L0871 00077 (L0700
1500k 5202 5198 5186 5180 5171 5157 5144 5120 5108 5095
5 B.0T4 TH36 7827 738 7.307 7484 7.361 7.239 7176 T.118
o 0.0619 00465 0.0372 0.0311 0.0234 0.01588 0.0157 00119 0.0106 (L0006
000k 6613 6610 GEOS G605 63590 6395 sl 6385 6381 6377 6574
5 8883 8748 B642 5.555 5418 5310 8.222 8.147 8.082 .024 7471
v 00778 00584 00468 0.0391 0.0204 0.0236 00197 1L.0170 1L.0149 0.0133 0.0120
2500 h 8269 8269 8269 R268 R26T R265 83261 9856 8350 R244 B240
5 OELD 0468 0358 9.270 9.129 0.020 85.000 8.854 B.788 B.730 B.6TT
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Compendio de Tablas y Graficos

Presion de Vapor del Agua liquida entre 0 y 100° C

mmHg
t,°C 0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 4.579 4613 4.647 4.681 4715 4.750 4.785 4.820 4.855 4.890
1 4.926 4.962 4.998 5.034 5.070 5.107 5.144 5.181 5.219 5.256
2 5.294 5.332 5.370 5408 5.447 5.486 5.525 5.565 53.605 5.645
3 5.685 5.725 5.766 5.807 5.848 5.889 5.931 5.973 6.015 6.058
4 6.101 6.144 6.187 6.230 6.274 6.318 6.363 6.408 6.453 6.498
5 6.543 6.589 6.635 6.681 6.728 6.775 6.822 6.869 6.917 6.965
6 7.013 7.062 T.111 7.160 7.209 7.259 7.309 7.360 7411 7462
7 7.513 7.565 7.617 7.669 7.722 7.775 7.828 7.882 7.936 7.990
8 8.045 8.100 8.155 8211 8.267 8.323 8.35%0 8.437 5.494 8.551
9 8.609 8.668 8.727 §.786 §8.845 8.905 5.965 9.025 9.086 9.147
10 9.209 9.271 9.333 9.395 9.458 9.521 9.585 9.649 9.714 9.779
11 9.944 9910 9.976 10.042 10.109 10.176 10.244 10.312 10.3580 10.449
12 10.518 10.588 10.658 10.728 10.799 10.870 10.941 11.013 11.085 11.158
13 11.231 11.305 11.379 11.453 11.528 11.604 11.680 11.756 11.833 11.910
14 11.987 12.065 12,144 12.223 12.302 12.382 12.462 12,543 12.624 12.706
15 12.788 12.870 12,953 13.037 13.121 13.205 13.290 13.375 13.461 13.547
16 13.634 13.721 13.509 13.898 13.987 14.076 14.166 14.256 14.347 14.438
17 14.530 14.622 14.715 14.509 14.903 14.997 15.092 15.188 15.2584 15.380
18 15.477 15.575 15.673 15.772 15.871 15.971 16.071 16.171 16.272 16.374
19 16.477 16.581 16.685 16.789 16.894 16.999 17.105 17.212 17.319 17427
20 17.535 17.644 T7.953 17.863 17.974 18.085 18.197 18.309 18.422 18.536
21 18.650 18.765 18.880 18.996 19.113 19.231 19.349 19.468 19.587 19.707
22 19.827 19,948 20.070 20.193 20.316 20.440 20.565 20.690 20.815 20.941
23 21.068 21.196 21.324 21.453 21.583 21.714 21.845 21.977 22.110 22.243
24 22,377 22.512 22.648 22.785 22.922 23.060 23.198 23.337 23.476 23616
25 23.756 23.897 24.039 24.182 24.326 24,471 24.617 24.764 24912 25.060
26 25.209 25.359 25.509 25.660 25.812 25.964 26.117 26.271 26.426 26.582
27 26.739 26.897 27.055 27.214 27.374 27.535 27.696 27.858 28.021 28.185
28 28.349 28,514 28.650 28.847 29.015 20.184 20.354 29.525 29.697 29.870
29 30.043 30.217 30.392 30.568 30.745 30.923 31.102 31.281 31461 31.642
30 31.824 32.007 32.191 32.376 32.561 32.747 32,934 33.122 33.312 33.503
31 33.695 33.888 34.082 34.276 34471 34.667 34.564 35.062 35.261 35.462
32 35.663 35.865 36.068 36.272 36.477 36.683 36.891 37.099 37.308 37.518
33 37.729 37.942 38.155 38.369 33.584 38.801 39.018 39.237 39457 39.677
34 39.898 40.121 40.344 40,569 40.796 41.023 41.251 41.480 41.710 41.942
35 42,175 42,409 42.644 42,880 43.117 43.355 43.595 43.836 44.078 44.320
36 44.563 44.808 45.054 45.301 45.549 45.799 46.050 46.302 46.556 46.811
37 47.067 47.324 47.582 47.841 458.102 48.364 48.627 48.891 49.157 49424
38 49.692 49.961 50.231 50.502 50.774 51.048 51.323 51.600 51.879 52.160
39 52.442 52.725 53.009 53.294 53.380 53.867 54.156 54.446 54.737 55.030
40 55.324 55.61 55.91 56.21 56.51 56.81 57.11 5741 57.72 58.03
41 58.34 58.65 58.96 59.27 59.58 59.90 60.22 60.54 60.86 61.18
42 61.50 61.82 62.14 6247 62.80 63.13 63.46 63.79 64.12 64.46
43 64.50 65.14 65.48 65.82 66.16 66.51 66.596 67.21 7.56 67.91
44 68.26 68.61 68.97 69.33 69.69 70.05 T0.41 70.77 71.14 7151
45 71.88 72.25 72.62 72.99 73.36 73.74 T4.12 74.50 74.88 75.26
46 75.65 T6.04 76.43 76.82 T7.21 T7.60 78.00 78.40 78.80 79.20
47 79.60 80.00 50.41 80.82 81.23 81.64 82.05 82,46 82.87 83.29
48 83.71 84.13 54.56 84.99 8542 §5.85 86.28 86.71 §87.14 87.58
49 §8.02 88.46 58.90 89.34 89.79 90.24 90.69 91.14 91.59 92.05
t, °C 0 1 2 3 -+ 5 6 7 8 9
50 92.51 97.20 102.09 107.20 112,51 118.04 123.80 129.82 136.08 142.60
60 149.38 156.43 163.77 171.38 179.31 187.54 196.09 204.96 214,17 223.73
70 233.7 2439 254.6 265.7 277.2 289.1 301.4 314.1 327.3 341.0
80 355.1 360.7 3584.9 400.6 416.8 4336 450.9 468.7 487.1 506.1
90 525.76 527.76 529.77 531.78 533.80 535.82 537.86 539.90 541.95 544.00
91 546.05 548.11 550.18 552.26 554.35 55644 558.53 560.64 562.75 564.87
92 566.99 569.12 571.26 57340 575.55 577.71 579.87 582.04 584.22 586.41
93 588.60 590.80 593.00 595.21 597.43 599.66 601.89 604.13 606.38 608.64
94 610.90 613.17 615.44 617.72 620.01 622.31 624.61 626.92 629.24 631.57
95 633.90 636.24 638.59 640.94 643.30 645.67 645.05 650.43 652.82 655.22
96 657.62 660.03 662.45 664.88 667.31 669.75 672.20 674.66 677.12 679.69
97 682.07 684,55 687.04 689.54 692.05 694.57 697.10 699.63 T02.17 704.71
98 707.27 T09.83 712.40 71498 717.56 720.15 722.75 725.36 727.98 730.61
99 733.24 T35.88 738.53 741.18 743.85 T46.52 749.20 751.89 754.58 757.29
100 760.00 T62.72 765.45 768.19 770.93 T73.68 776.44 779.22 782.00 T84.78
101 T87.57 790.37 793.18 796.00 796.82 801.66 804.50 507.35 §510.21 §13.06
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Diagrama Psicrométrico
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Diagrama Temperatura-Entropia para el Agua
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Correlaciones para el Coeficiente Pelicular de Transferencia Convectiva
de Calor en Distintos Modos y Geometrias

t transfer Comments and Dimensionless
Heamo o Geometry Nusselt number M e
Nu_ =0.332Re!*Pr'” %
Isothermal Nu, =—
Flow parallcl to a (Br>06) surface Re, < 5x10° S #
12 12 *
flat plate Nu, =0.565Re}* Pr o Re, ==X
' (Pr<0.05) |4
U :
s 1 = L
Nu= =2
F—x 0.037(Re%*~871)Pr®” $10° <Re, <10' | N7
’ L (Turbulent) u_L
(0.6 < Pr < 60) Ry
Flow in a pipe
(conventional size) | ___ Isothermal
Nu=3.66 . surface Re <2300
0.0668(D/L)RePr Thermal entry — WD
"1+0.04{(D/L)RePr]’” | region b=
i : ‘ uD
= L/D210 =
Nu = 0.027Re® Re >10,000 i7 is mean
; . Fully developed velocity
XPr“}(/J//L)o“ ( \
- turbulent)
F °fce$‘ evaluated at 7,,
convection”
Flow in a pipe ___
(miniature) Nu=(1+F) ol 1 )
~=1.164 mm is _
1 (f/ 8)(R/e8—:s()001)§ il reference diameter. Y= hD
+12.7(/8)" (Pr ) | Correlation was k
u f =[1.82log(Re)—1.64]" obtained for water at — 78]
( A s D=0.102, 0.76 and —_V-
=D |rreaorne | 2200
x[1-(D/Dy)']
Nu=7.54 Isothermal surface
' Re <2800
F ‘°“{lbf‘wx:t"'“ 0.03(D, / L)RePr b .
s A T1+o.ox»6[(D,/L)RePr]"" Nu =—k-i
P f aD,
et v
2Dy, e 08 p,033
Nu=0.023Re™ Pr Re>10,000
(Pr>0.5) (Turbulent)
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Heat transfer Comments and Dimensionless
-y Geometry Nusselt number restrictions b
Flow across a Nu=03
circular cylinder | gyRet2 pp” Subrilin
T[l+(0 4/Pr/)213]1r'4 elr> '.
U 7 : (Both laminar and
—_— Re ) 413 turbulent) WD
x| 1+ Nu =—
(282000) Y=
: u D
Flow across 3.5<Re ==
Forced 3 Nu=2+(0.4Re" < 76000
convection i +o 06R 574 P i / % 0.71LPr< 380 Iuw
06Re™ ) Pr(u/ p,) is viscosity
u ’ evaluated at T},
Flow through a 3
packed bed of 15<Re <120 a2
| spheres . — diam k
Nu=1.625Re"?Pr'”? . sterot mD
o o Sphere Re=—o-
W A —bed cross- Au
0?/66» sectional area
On a vertical
surface
Hot x Nu  =0825+ AT =|T, -T| Na=tL
wall i BB Applicable to both k
: a ; 3
P T laminar and Ra gPATL
T ’ turbulent vo
3 :
Cold
Free * wall
convection
On a horizontal -
?::it:;i ‘s;uare Isothermal surface | Nu= Il
: e 10° <Gr <7x107
=0.54(GrPr)""* 3
Nu ( For rectangle, use gr=% 2 AZH‘
m shorter side of L V.
p—L—A
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Heat transfer GebHet T T Commgnfs and Dimensionless
mode ; : restrictions numbers
On a horizontal
heated square Isothermal  surface s F_L
facing down o 3x10° <Gr "k
—E— Nu =0.27(GrPr)""* <3x10" tienlE AT
| i l For rectangle, use - 2
\\ // shorter side of L
On a horizontal
cylinder _ e T
Nu  =0.60+ Nu= hTD
Free 16 i2
. 0.387Ra Ra <10 )
convection + — g SATD
@ [1+(0.559/Pr)* ¥ Ra= B
,, va
On a sphere
Nu=2+ AT =T~T, Nomo 2
. 0.589Ra'" Ra <10" ;ATD;
T[1+(0.469/P0)° " 1° | Pr20.7 Ra=g—m—
Falling film Laminar
evaporation Nu=1.10Re;'"?
Y (Re, < 30) Nu - local Nusselt
1 s number :
: h(v;!g)
# Wavy laminar Nu= :
Evaporation ; t Nu =0.828Re}’™ T - mass élgwfra;e i k
per unit width of the [po - 20
; Y (i(:)s Re; <1800) vertical surface : M
Turbulent
] Nu =0.0038Rel* Pr*
(Re, >1800)
Laminar (Nusselt)
ul -113
On a vertical Nu =110Re;
surface (Re; <30) Nu — local Nusselt l
b 2, <3
Wavy laminar S Nu= ﬁ_(v_,/g_)’_
Condensation Nu= _Rey; I' — mass flow rate k
X u (=X
Re;—5.22 per unit width of the |p. — ar
‘ (30 < Re, <1800) vertical surface A
Turbulent
Nu = 0.023Re}™ Pr’™* -
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=
Heat transfer Comments and Dimensionless
1t .
mode * - Geamety Hngseicnmuabes restrictions numbers
On tubes
@ Nu=0.729 B
1 AT =T_~T — hD
3 r w Nu=—
@ x Dhnglpe=p,) |* n — number of tubes k,
Z nky AT
Condensation
We =2 7L
In microscale ¥=13 2
channel for Re <65 Ia oL —T,)
D, <1:5 = = h
(D, mm ) Nu = We RePr’ Y=(0.5D,-1) By -
‘ /(2D,) Re="" D,
for Re> 65 H,y
" —mass flux
(kg/s-m’)
— L
Nucleate, m=2 for water u=—
saturated pool m=4.1 for other £
boiling fluids o,
= Ja} C=0.013 water- L= o
C’Py copper or stainless 8P =P,
e o steel . ¢, AT
o C=0.006 for water- |32 = h
W nickel or brass &
‘ AT=T,-T,,
Boiling
V=t
kV
Film boilingon a _ ' o,
horizontal plate Nu =0.425 Term in parentheses |% = _
: : glp.-p)
L accounts for sensible
L D D o« GrPr 1+04Ja, | |* heating effect in e w
RN "\ Ja, vapor film y;
77777777 I cp_vAT
a, =—+—
v hcv
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r’mer E— T . Comments and Dimensionless
mode restrictions numbers
Film boiling on a
horizontal cylinder | Ny =0.62
O Oo 1 D> film = hD
1) 1+0.4Ja, thickness ——
Oo x| GrPr,| — k,
‘U Ja, ‘
Gr=
Fimbolingona | %
sphere Nu=04 o CeudT
Boiling i D> film © A,
« GrPr 1+0.4Ja, )P thickness
| Jav |
Boiling in T _h—_D_
microchannel 0857 Correlation k,
(D=1.39 - 1.69 Nu=30Re" obtained by using Bo= q
XBo®™H (1 - x) 18 Flteonug_lﬂ = by "
' i Rty n" —mass flux
(kg/s-m’)
Melting in a . — hH
rectangular cavity | Nu=(27)"" Nu==g-
+HcRa" = (22)""] Nusselt numberis | . _ gfATH .
Melting X1+ (c,Ra>*")"]'" function of time ver
& ¢, =035,¢c,=0.175 r=5keFo
n=-2 » Fo= ﬁ:{'
AR I/74 44 &
Solidification
around a horizontal _
tube D is transient 7L
s A equivalent outer k
Solidification Nu=0.52Ra"* d(ilameter of the BATD?
: ; Ra=E"
u T 0 .
Uniform heat flux Nu = _hf
" Nu_=0.458Re!*Pr'" surface ok
blimati QL
RS Sh, =0.459Re*Sc" B ARy [ ke
q, x = D
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Correlacion de McAdams para Conveccion Forzada alrededor de un
Cilindro Horizontal

hD "
hD C(VDﬂf) {Prf}‘”
Ky Iy

Las constantes C y N son funciones del nimero de Reynolds. Las propiedades fisicas y el nimero
de Reynolds deben ser evaluados a la temperatura de film (T, = (TO +T, )/2).

Valores de C y N para utilizarlos en la ecuacion:

Rej ; C n
0.4-4 0.989 0.330
4--40 0911 0.385
40-4,000 0.683 0.466
4.000-40,000 0.193 0.618
40,000-400,000 0.0266 0.805
“The Reynolds number is based on the cylinder diameter and the
film temperature.
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Grafica del Numero de Nusselt en conveccion natural alrededor de un
cilindro horizontal

20
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P
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Ecuacion de Continuidad para una Fase de Densidad p en Distintos
Sistemas de Coordenadas

e Coordenadas rectangulares (X, Y ,z):

% 2 (e (o )12 ()
20 () )+ )0

e Coordenadas cilindricas (r, 8,z ):

op 10 10 o
~ o (prv, )+ : ae(p"g)%z (ov,)

0

e Coordenadas esféricas (r,0 , ¢):

9
rsen@ 0@

%’+ri2§(pr2vr)+

(o, 5en6)+—— 2 (0,)=0
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Transferencia de Cantidad de Movimiento

La Ecuacion de Movimiento en Coordenadas Rectangulares (x, y, z)

En funcionde T :

Componente X) P OV, +V, v, +V, v, +Vz% z_@
ot OX oy 0z OX

_ az-xx aTyX 62-zx +pg

ox oy oz §

Componente Y ) p[&vy Iy Ny +V Ny +V aVsz_a_p

B a"'xy aTyy az-zy + pg
OX oy 0z g
Componente ) P v, +VX%+Vy%+Vz N, |__%p
ot oX oy 0z 0z
aTXZ aTyz az-zz
— + + + 9,
ox oy oz

En funcién de los gradientes de velocidad para un fluido newtoniano de p y (& constantes:

Componente X)

(avx 8v)( 8VX avxj ap
o +V +V +V ===

Componente Y) p(avy v, v, v, J _ op

Componente Z) (av oV ov ov ] op
p =
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La Ecuacién de Movimiento en Coordenadas Cilindricas (r, 6, z)

En funcionde T :
2

Componente T ?) P vy +V vy +V_9%_VL v N, z_@

ot "or r od r * o1 or

_(1 0 ( ”)+1@f_re_@+%)+pgr

Y
ror r 06 r 0z

N, Ny |, Vg 6V9+Vrvg Y avaj:_lﬁ_p

Componente 6°) p( +V, +-0 )
ot or r 06 r 0z roeo
10, 10z, OJt,
—| == +——=+—= |+
(rz ar( o) roo o)
8Vz avz VH 8vz avz ap
Componente 7)) P +V, +— +V, =——
ot o r 06 oz oz

(1907 )4 1% 0% ),
ror- " r 060 oz :

En funcién de los gradientes de velocidad para un fluido newtoniano de p y £/ constantes

T or

(6’vr ov V58v,_v92+vavr]__6_p

Componente r°) 4y L0
ot Tor r r ‘oz
ﬁ[lﬁ(rv )}Liazvr _ 20y, 0%, ‘g
Harlrar V) 2062 v7 00 " a2 |77
Componente 8°)  p No +V, Ny +V—‘98V'9 AL +V, Ny |__10p
ot or r o6 r oz roeo

+ ﬁ(lﬁ(rv )j+i@+iwr +82V‘9
Moarlrar ) 2507 " v2 00 " a2

[av v, Vv, 0V, avzj op
o +—= +V =——

:|+pg¢9

L4V, ,
ot or r 06 0z 0z

+ 10 ravZ +i82vz+82vz + pg
Mrarl ar ) v 007 T ot .

Componente 7))

. 2 ,
® El término PV, /I’ representa la fuerza centrifuga.

® £ término erVtg/r representa la fuerza de Coriolis.
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La Ecuacién de Movimiento en Coordenadas Esféricas (r, 6, ¢)

En funcionde T :
2 2
Componente r ov ov. V, oV v ov. V, +V
P ) P r+vr r+_9_f+_¢_r_u
ot or r 06 rsend 0¢ r

:—@—[ii(rzr”ﬁ 1 6(rrgsené?)

or \r?or rsend o0
1 07,y Tp+Ty
+ - +
rsend 06 r A4
2
Componente 6) oV, v oV, +v_68v9 . v, ov, +VrV6 _V¢ cot @
ot o r 06 rsend o¢ r r
or
__lop %ﬁ(rzrrgﬁ 1 i(rl%,sené?)+ 1 %
rod \r?or rsené 06 rsend og¢
T, Cotd
+ ST e + 9,

+V, +
ot or r 060 rsend o¢ r r

0 0
L o (10, ) 100, 1 0%
r 00

oV o, v, oV V, OV, V)V, V,V
Componente ¢) p( ¢ b Yo" T LA 9¢cot6’j

rsend o¢ \r?or rsend o¢
T, 2cotd
+T— r Tg¢ +m¢
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En funcidn de los gradientes de velocidad para un fluido newtoniano de p y # constantes®:

Componente r) ov
Yo

oy 6vr+v_9%+ v, avr_\/92+v¢2
ot "or r 00 rsend 0¢ r
__, (Vzvr—%vr—%%—%vg cot
or r r<o r
AN
r’sené og¢ '
2
Componente ) 5 ov, v, ov, +v_€av9 N vy, ov, +vrv9 Y cotd
ot or r 060 rsend 0¢ r r
1 op ) 2 ov v, 2cosO OV,
=———+u VV, +——— - +
roe 'L{ " "1 30 risen’o risend og ) Lo

ov oV ov V, OV, V)V, V,V
Componente ¢) o 2y, R P42 %Y cotl
ot or r 00 rsené 0¢ r
v
_ 1 @Jr Vv, - — ¢2 +222 oV,
rsend o¢ resen @ r°sen”6 0¢

N 2c0s8 v, + g
r’sen®@ o¢ ’

c .
En estas ecuaciones:

, 1 0(,0 1 0 0 1 0?
Vi=——Ir" — |+ —|senfd— |+ 5—— 5
reor or) r<send o6 00) r°sen” @\ o¢
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Componentes del Tensor Esfuerzo en Funcion de u y v para un Fluido
Newtoniano en Coordenadas Rectangulares (x, y, z)

N
N

N

Il
N
N
N

T sz Ty

_ o, _

Ty =—ﬂ_2 ox _%(V'V)_
oy _
Ty :—ﬂ_zay—%(v V)_

ov

=—pu2—=-2(V-v
o= 253 (7)
_ _ aVx 8Vy
WMy
_ _ _6Vy aVz
I iy
T, =T, =— 8VZ+%}
X Xz /’l_ ax az

(V . V) : Divergencia del vector velocidad en coordenadas cartesianas

ov
(V.V)=%+_y+%
oXx oy oz
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Componentes del Tensor Esfuerzo en Funcion de u y v para un Fluido
Newtoniano en Coordenadas Cilindricas (r, 6, z)

0z
o(v,) lov,
s M M
ov, 1lov,
N )
R AN
r rz ﬂ ar az

(V . V) : Divergencia del vector velocidad en coordenadas cilindricas

(V.V)=1£(rvr)+1%+%
ror rog oz
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Componentes del Tensor Esfuerzo en Funcion de u y v para un Fluido
Newtoniano en Coordenadas Esféricas (r, 6, ¢)

or
lov, v,
Tog = —/,l|:2[?a—g+ r J—%(V V)j|

send 0 Vy 1 ov,
Top =Tyg =M — +
r of{sen@) rsend o¢

Ty =T,y =— 1 6Vr+r£\/—¢
“ = = seng og  or| r

(V . V) : Divergencia del vector velocidad en coordenadas esféricas

10/, 1 0 1 v,
V.)=—2 < 0 2
(v-v) r2 or (r V')+ rsend 849(\/9 sen o)+ rsené o¢
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La funcién -(t: W) = ugy para Fluidos Newtonianos en Distintas
Coordenadas

Rectangular: ¢V2[(avxj +{%j _,_(aVzJ]
OX oy oz

8Vy aVx i avz avy 2 |:8VX aVZT
| =L ==+ 21|+ + N

ox oy oy oz oz ox
2fav v av, T

3| ox oy oz

2 2 2
Cilindrica: ¢, =2 (avrj + 1%+V_r +(avzj
or roe r oz

o(v,) 1ov,] [1ov, ov, T
+|r— —= |+ — 4|4 —C
or\ur r o6 r o oz

o, o,
+ +—L

oz or

2[1 0 1ov, v, |
VA I L

3L ror r o oz

2 2
Esférica: @, =2 N, + E%_Fv_r
or rog r

+

rseneﬁ r r
Ca(v,) 1lov, ?
| r=| = |+=
o or\r ) roé
B 2
send 0 [ V, 1 ov,
+ — +
| T 00(sen@) rsend 0¢
1 oV, oV, ’
+ +r—| &%
| rsend o¢ or{r

aV 2
2 i22('f2Vr)+ L i(vgsen¢9)+ L)
3lr°or rsené o6 rsené og¢

ov cotd)
1 ¢+V_r+V9 J:l
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Transporte de Cantidad de Movimiento en la Interfase

Placa Plana

[ L >|

Distribucion de la velocidad en la capa limite laminar sobre una placa plana. Datos
experimentales proporcionados por J. Nikuradse (monograph, Zentrale F. wiss. Berichtswesen,
Berlin, 1942) para la magnitud del nimero de Reynolds de 1,08.10° a 7,28.10°.

b | |
T T T LT
-]
_ 7
08 S
do
o
_/
Fi
056 dF
g | F
] Jf
0.4
:£ Taroria de Blaslus
0.2 'ﬁf
GG 1.0 20 30
n=zy /e
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Soluciones de Blasius para capa limite laminar (0 < Re <5.10°):

5x ov

Sy = s —0332y, [

y=0 HoX

= o =033, |22
X

Coeficiente de friccién superficial puntual para capa limite laminar (0 < Re <5.10°)%:

0,664
C _
D X Re

X

Coeficiente de friccion superficial puntual para capa limite turbulenta (5.10° < Re <107)%:

_ 0,0576
D« Re Y5

d , . . . . ..
El subindice “x” en estas expresiones indica que los coeficientes son locales.
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Flujo Reptante alrededor de Esferas

Dv,p
U

Se define el nimero de Reynolds como: Re =

Flujo Reptante = Re < 0,1

Feiidorsotisa = Fo =370V,

Los resultados se pueden extender hasta Re =1
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Distribuciones de Presion alrededor de Cilindros

Distribucion de presiones sobre un cilindro circular para varios valores del nimero de Reynolds:

v

(P=P,)/}e

-4

U.
!
\
‘\\ - v Y v s iy
\\ . [~ Re=10° ,’Y
e et s e - el y
\\ o% - e
AT
I
f
2 ' ._',.’.
Re =6 x 10° <% ‘
' ‘ .Fl;io ne viscoso :
}
i
‘ {
i 1
(v} 30 90 120 5 180
Grados, &,
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Coeficientes de Arrastre

Definicidn de Factores de Friccion:

IF,

fos

=f- ACaracterl’stica P

V2
2

Coeficiente de arrastre para diversas geometrias (esferas, placas infinitas, discos circulares y
placas cuadradas) en funcién del nimero de Reynolds:

Coeficiente de arrastre para esferas:

200
100 pmtg
i Uy Q-I’ Esforas
Pl
2 L T Y o :I’ lnﬁfi.t:!
rrastre Di
10 c“s‘z"“" NN Uy —= Dclrﬁ;r
iac
NN T e
e N\ Esfers Placas infinites
- 3 2 -
05 Dlu:'oc clrcul'am y platas cusdradas
0z \\
01
.05
o

0102 051 2 5 10 20 50 100 200 500 1000 10,000 100,000 1,000,000

Numero de Reynolds = peD/u

Friction factor f

10% : ‘
[ [N i |
10° & ! = -
100 \ \[
|
ol f‘é“ ".24+05~}0x) |
- VY Re ] .
10 — : +—+up to about Re = 6>~ 10*
Ny, i
RSN
Stokes' law asymptote f = £= \\ [
= ‘ = ™y
? |
0.1 ! 1 | | | | | | |
25 2902t St S % Y394 Epzt Pq0l% YR Syps?

Reynolds number Re = Do,

Pl
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e Expresion empirica del coeficiente de arrastre para esferas:

Re<1 - CD=ﬁ
Re
3 24 0,69
1<Re<10 - Co=| o (1+015Re"*)

10°<Re<3.10° — C,=0,47

Re >3.10° — C, =02

e Coeficiente de arrastre para cilindros circulares en funcién del nimero de Reynolds:

100

) \\.‘\3‘
0.1
Régimen
— i m v
001
10 109 10? 10} 10* 10* 10°

NUimero de Reynolds = £

vl
-,

Las regiones sombreadas sefialan las dreas donde el esfuerzo cortante ejerce influencia.
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Factor de Friccion de Fanning

Grafica del factor de friccidon de Fanning para el flujo en un tubo:

Qo017
i L [ LT
re— Transicid - Flujo totalmente turbulento
Qo15s \ . ~ 3
— \
e N——FHIT =% uas
—] o=
0013 —
~ N
é 0012 - N =
% _E, S \\
s Q011 e_ \ g
3 cot0 3 N — 100+
3 N TN 0
£ 0009 s Do e N
3 RN N\ a0
= o008 ] 0 -+
2 o007 — N [ 1]
x S Pl - l‘éor
2 ]
5 0.006 ..__.\‘; I ~ “\J T T I
0.005 - 3 o 1000 —+-
- o= 2000
0.004 Liso - | —~ ==
0.003 4000 Koo ;f e
! : ===
oo 20,000 443 st
0.001 ] 40,000 0" | 103 ]|
10° 10* 10° 10° 107
Namero de Reynolds le,,‘/v
e Correlacion de Blasius para tubos hidraulicamente lisos:
0,0791
fo ="t 2.10° <Re<10°
Re¥*
e Correlacién de Haaland para tubos rugosos:
10/9 10° < Re <10°
<RE<
1 6,9 e
——=-36l0g9,y| —+| ——
V fe Re (37D

£ <005
D
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Factores de Friccion para Columnas de Relleno

La ecuacién de Ergun para flujo en lechos rellenos y las dos asintotas relacionadas, la ecuacion de
Blake-Kozeny y la ecuacién de Burke-Plummer en funcion del Reynolds de particula:

‘ [T T
ﬂﬁ& t X Burke y Plummer
10% &ﬂ;\[ 1 1 u::tun :
7 a arcom 4
:‘ g f % o 0man y Watson !
: - T — | T ]
» | 1 1
3 - J-J - - E (N !I
ol¥ ! ) | I -
s [ | T |
ﬁq B |:
"-I. |1£ ‘E o A | I
- 1(C “ b i
1 A 1
] | v;\ D"h,"i
5 ,}:.\ f'%
4 [ " ;
| r"q,,’ 'R P
k] N 2
l. \‘\ ’M"‘J'
2 | \ I JI_"'_]:"_ Lo “H; I g
] Eovucian de Borke Fommer 3 f
1 ) H u L
| 23 45 BT8%1D -2 3 25 6789]00 z 3 4 S E7a91000 2 3 4
DG,
M -C

e Ecuacién de Blake-Kozeny para flujo laminar:

PO _PL :150(/’1\/0 (1_8)2

L 2 83

vélida para Re, <10 y £ <0,5
p

e Ecuacién de Ergun para la region de transicion:

P,-P,

e Ecuacién de Burke-Plummer para flujo altamente turbulento:

P,-P, _Z(pvi}l—g

3 vélida para Re , >1000

L 4 Dp &
Dpvop
Reynolds de Particula: Re P T\ siendo Vo la velocidad superficial.
(L1—e)u
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Friccion en Accesorios en Régimen Turbulento

e Calculo de la pérdida de carga en accesorios por el método de la constante ( K

h =K

e Célculo de la pérdida de carga en accesorios por el método de la longitud equivalente ( L

h =4f,

(U
acc 2|g»|

Leg (v)?

D 2g|

acc):

e Factores de pérdidas debidas a la friccién de varios accesorios para tubos:

eq ):

Accesorio K LD
Vilvula del globo, totalmente abierta 7.5 330
Vilvula de cuia, totalmente abierta 3.8 170
Valvula de compuerta, totalmente abierta 0.15 !
Vilvula de compuerta, abierta 3/4 0.85 40
Vilvula de compuerta, abierta 1/2 4.4 200
Vilvula de compuerta, abierta 1/4 20 900
Codo a 90°, esténdar 0.7 2
Codo a 90°, de radio corto 0.9 :'
Codo a 90°, de radio largo 0.4 20
Codo a 45", estindar 0.35 15
Tubo en T, conducto con salida lateral 1.5 67
Tubo en T, conducto recto ?: %g
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e Compresion y Expansién Brusca:

Expansion Brusca

d2Y
Expansion Brusca: Keg = [1——j

2
Compresidn Brusca: Ke = 0,5(1— g—j
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 Valores tipicos de K, y L /D de varios accesorios para tubos:

Type of fitting or valve

Additional friction loss,
Ec]]uiva]ent no. of
velocity heads, K

435° ell, standard®2=f
457 ell, long radius®
90° ell, standard®=efeh
Long radins®s4*
Square or miter®
1807 bend, close return®™
Tee, standard, along run, hram_h blanked off*
Used as ell, entermi, r rune!
Used as ell, entermi__. r hranch™"'
Branching r flowt
Coupling™
Union®
Gate valve =™ apen
A npen“
15 {:pen
Y ope
[ia hrag:m valve.” open
4 open®
l.-% {:ﬁn
Vi open
Clobe valve =™
Bevel seat, Open
14 Upe
Cc:-mpumtmn seat, open

FPlug dﬁ: Open

4 open”
L open”

L5 open®
Angle mm.f’" Open
Y or blowoff vabve 2= open
Plug cock?
B=5"
8= 107
B=20°
B=40°
8 =607
Butterfly vaherf
B=3"
8= 107
=207
8=40°
B =607
Check valve,*=™ swing
Disk
Ball
Foot valve®
Water meter,® disk
Fistomn
Rotary (star-shaped disk)
Turbine-wheel

(.35
02
.75
(.45
1.3
1.5
0.4
1.0
1.0
1!
(.04
0.04
017
09
4.5
240
23

IZ.-JCI'!I

2,
4.
21,

6.0
0.5
6.0
5.3
0.0
13.0
36.0
112.0
2.0
30

0.05

0.29

1.56
17.3
206.0

.24
.52
1.54
108
1150
2.0
10.0F
Tk
15.0
T.r
15.06
10.0r
6.0
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e Geometria tipica de los distintos tipos valvulas:

(a) Valvula Compuerta (tipo aguja).
(b) Valvula Globo.

(c) Valvula de angulo.

(d) Valvula Anti-Retorno.

(e) Valvula Compuerta (tipo disco).

ich &)

e Valoresde K, para valvulas totalmente abiertas, codos y tes en funcién del didmetro

nominal de la tuberia:

Nominal diameter, in

Screwed Flanged
: 1 2 4 1 2 4 8 20

Valves (fully open):

Globe 14 8.2 6.9 5.7 13 8.5 6.0 5.8 5.5

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 2.0

Angle 9.0 4.7 2.0 1.0 4.5 24 2.0 2.0 2.0
Elbows:

45° regular 0.39 0.32 0.30 0.29

45° long radius 0.21 0.20 0.19 0.16 0.14

90° regular 2.0 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 0.41
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Rugosidad de Materiales Empleados en Conductos y Tubos

Parametros de rugosidad de conductos y tubos (los valores de e estan dados en ft):

0.05 0.07
0.04 -
0.03 “1t1N ’
0.02 0.05
AN
0.04
0.01 :
0.008 PR S 0.035
0.006 Acero N
0.005 K o + 1+ remachado t 0.03
0.004 ] INKOI TR N Concreto o 3
Estaca a
0.003 N & " 3 o5 0.025 %
0.002 N skxmadon b o AN Q, w
[a] ] NN \\"' A 1 . 8
® HA N il 65{. ' \ G &0 B 1 -
§ 0001 ?‘o‘;b SN ! oo 002 ¢
- X + 0, NN Z 2z
> 0'°°°3 a5k O""’; : ZHoos ¢
3 0.0005 N S NN I 8
T 0.0004 o H TN 0016 =
8 00003 %jo A . . g
——t g e 4 v 1 -
T 00002 SSANN %, 0014 &
¢ jtfo_‘}fh:o ] - e
it 'ﬁgo’ pooo\ o . : E
0.0001 - °7,° A % 0012 &
0.000,08 | T 1 ° %N 2N <
0.000,06 k5 - .
0.000,05 K ¢4 .i
O.W).m o% \ 0.01
0.000,03 %
o, _
0.000,02 : =t g N 0.009
<N éq:
0.000,01 ot o N ] 0.008
0.000,008 K = :
0.000,006 s

|
°‘°°°'°°51 2 3456 810 20 3040 6080100 200 300

Diamaetro, D, del tubo, en in.
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Propiedades de las Tuberias de Acero

TABLE 10-18 Properties of Steel Pipe
Circumference,
ﬂi or surface, Capacity at 1-ft/s

Norminal Outside Wall Inside Cross-sectional area fi/ft of length velocity Weight of
pipe diameter, Schedule thickness, diameter, Metal, s, gal," p]airi-end
size, in in no. in in in? Flow. fi2 Outside Inside min Ivh water pipe, Ib/ft

L 0405 108 0.049 0.307 0.055 0.00051 0.106 0.0804 0.231 1155 0.19

408T, 408 068 269 072 0040 106 0705 179 803 24

H0XS, 808 085 215 083 00023 106 0563 113 56.3 A1

¥ 0.540 108 065 410 087 00092 141 107 412 206.5 A3

408T, 408 D88 364 A25 00072 141 045 323 161.5 A2

S0XS, 805 119 302 137 00050 141 079 224 112.0 54

¥ 0673 108 065 545 125 00162 177 143 q27 3635 A2

408T, 408 041 493 167 00133 177 129 a496 208.0 a7

S0XS, 505 126 423 217 00098 177 A11 440 220.0 T4

e (.540 35 065 10 138 0275 220 186 1.234 G17.0 o4

108 083 674 197 0248 220 A7 1.112 356.0 &7

408T, 408 109 622 230 00211 220 163 0.945 472.0 83

B0XS, 508 147 546 4320 00163 220 143 0.730 365.0 109

160 188 A64 385 00117 220 122 0.327 263.5 131

XX 204 A52 S04 00033 220 066 0.135 7.5 171

¥ 1050 35 065 820 20 0461 275 241 2.072 1036.0 (.69

108 083 B84 252 00426 275 23 1.903 9515 0.86

408T, 408 113 B24 333 00371 275 216 1.665 325 1.13

H0XS, 808 A34 742 433 00300 75 194 1.3 672.5 147

160 219 612 A72 00204 75 160 0.917 4585 1.94

xxX 308 A34 T18 00103 75 114 0.461 2305 244

1 1.315 a5 065 1.185 235 00768 344 310 3.449 1725 0.87

108 109 1087 413 00656 344 387 2.946 1473 1.40

408T, 408 133 1.049 A94 D0G00 44 275 2.6490 1345 1.68

S0XS, 508 A79 0957 639 00499 344 250 2.240 1120 217

160 230 08135 536 00362 S 213 1.623 8125 284

XX 338 0.599 L1076 00196 S 137 0.878 439.0 3.66

144 L.660 38 065 1.330 0.326 0277 435 A01 3.73 2865 L1

108 109 1.442 0.331 01134 435 378 5.08 2545 1.81

40ST, 408 140 1.3%0 0.668 01040 435 361 457 2285 237

S0XS, 508 191 1278 0.581 00891 435 335 3.99 1995 3.00

160 230 1.160 1107 00734 435 304 3.29 1645 3.76

XX 552 (0.596 1.534 00438 435 235 1.497 985 3.21

112 1.900 38 065 L1770 0.375 01709 497 463 7.67 3835 128

108 109 1.652 0614 1543 497 A40 6.94 3465 200

408T, 408 145 LE10 0.800 01414 497 421 6.34 3170 272

B0XS, 508 200 L300 1.069 01225 497 393 5.449 2745 3.63

160 281 1.338 1.429 00976 497 3 4.38 2190 4.56

XX A0D 1.100 1885 DDEGD 497 288 2.96 1480 6.41

2 2.375 35 065 2245 0472 2749 622 S48 12.34 6170 161

108 109 2,157 0.776 2338 622 363 11.39 605 264

40ST, 408 A34 2,067 1075 02330 622 1 1043 5225 3.65

SOST, 808 218 1.939 1477 02050 622 308 9.20 4600 3.02

160 44 L.B8T 2,195 01352 622 A36 6.97 3485 746

XX 436 1.303 2,656 01232 622 393 5.33 2765 9.03

246 2875 as 083 2.709 0.728 4003 T T 17497 8085 248

108 120 2,635 1.039 3787 T 690 17.00 8500 3.33

408T, 408 203 2469 1.704 03322 733 B4T 1492 7460 3.79

S0XS, 808 276 2323 2254 02842 753 608 13.20 GHO0 7.66

160 75 2,125 2945 02463 753 336 1107 5535 10,01

XX 532 LI71 4028 171 Nt A64 7.68 3840 13.60

3 3.300 38 083 3334 0.591 06063 873 27.21 13,605 3.03

108 120 3.260 1.274 5796 853 26.02 13,010 433

40ST, 408 216 3068 29328 05130 803 23.00 11,500 7.58

S0XS, 508 200 2,900 3.016 AM3RT 7539 20.55 10,275 10.25

160 438 2624 4213 3755 657 16.86 8430 1432

XX B00 2.300 3.466 2885 602 12.95 6475 18.58

314 4.0 38 083 3834 1.021 8017 1.004 35.98 17,980 348

108 120 RN 1.463 771 0.954 .61 17,305 4497

408T, 408 226 3.548 2,680 ABET0 0.929 30.50 15,400 9.11

SOXS, 508 18 3.564 3.678 06170 0.851 27,7 13,850 12,50

4 45 38 083 4334 1.152 10245 1.135 46.0 23,000 392

108 120 4.260 1.651 (9808 1.115 444 22 200 3.61

408T, 408 237 4.026 317 S840 1054 M6 19,5800 10,79

SOXS, 508 837 3.526 441 7986 1002 358 17,900 14.9%
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TABLE 10-18 Properties of Steel Pipe (Continued)

Circumference,
ft. or surface, Capacity at 1-ft/s
. : 2 el
Nominal Outside Wall Inside Cross-sectional area {t*/ft of length velocity Weight of
pipe diameter, Schedule thickness, diameter, Metal, 1.5 gzll-f plﬂ.in{lnd
size, in in no. in in in? Flow, f2 Outside Inside min Ivh water pipe, Ib/'it
120 0.438 3624 5.58 0.07170 1178 0.949 322 16,100 19.00
160 331 3438 6.62 6647 1178 0.900 280 14,450 22.51
X 674 3132 810 05419 1178 0.525 24.3 12,150 27.54
3 3.363 38 109 3.345 187 1338 1436 1.399 69.9 34,950 6.36
108 134 3295 2.29 1529 1436 1.386 68.6 34,300 .77
408T, 408 238 5047 4.30 1380 1456 : 62.3 31,130 14.62
SOXS, 808 Aa75 4813 6.11 1263 1436 7.7 28,850 20.78
120 2500 4363 7.95 1136 1456 31.0 25,500 27.04
160 625 4313 9.70 1015 1456 455 232,750 32.96
X 730 4.063 11.34 800 1436 40.4 20,200 38.35
6 6.625 38 109 6407 2.23 2239 1.7 1005 50,250 7.60
108 134 6357 2.7 2204 1.7 98.9 49 450 9.29
408T, 408 280 6.063 5.558 2006 1.7 90.0 45,000 18.97
SOXS, 808 432 5.761 540 1810 1.7 81.1 40,550 28.a7
120 562 5.501 10.70 1630 1.7 738 36.39
160 719 5187 13.34 1467 1734 65.9 454
hoY B64 4897 15.64 1308 1734 58.7 533.16
8 8.625 38 109 5407 20915 3455 2.258 173.0 0.93
108 148 85329 3.041 OT84 2.258 169.8 13.40
20 : 8125 6.378 3601 2.258 161.5 22.36
a0 5071 7.265 3333 2.258 1594 24.70
408T, 408 422 T.9851 8.399 3474 2.258 155.7 28.35
60 A6 7.813 1048 : 2,258 1494 35.64
BOXS, 808 500 7.625 12.76 2258 1423 43.39
100 5594 7437 14.99 2.258 1354 3
120 719 T.187 17.86 2.258 126.4 .7
140 H12 7.001 19.93 2.258 1200 ]
X 73 6.873 21.30 2,258 115.7 72.42
160 06 6813 21.97 2.258 1135 T4.69
10 10.75 58 134 10482 447 2814 268.0 15.19
108 65 10420 5.49 2814 265.8 18.65
20 250 10250 8.25 2.814 257.0 28.04
a0 307 10136 10.07 2.814 232.0 34.24
408T, 408 363 10.020 11.91 2814 246.0 40.48
808, 6OXS 2300 9.730 16.10 2814 233.0 34.74
&0 554 9.362 18.95 2814 2234 64.43
100 719 9312 22 .66 2814 212.3 77.03
120 B4 9.062 26.27 2814 201.0 80.29
140, XX 1.000 8750 30.63 2814 185.0 104.13
160 1.125 8500 34.02 2814 1770 115.64
12 1275 38 0.156 12438 6.17 3.338 3787 20.98
108 0.180 12.390 7.11 3.338 375.8 24.17
a0 0250 12.250 0.82 3.338 367.0 33.38
a0 0.330 12.090 12.88 3338 358.0 43.77
ST, 408 0375 12.000 14.58 3338 352.5 49.56
40 0.406 11.938 15.74 3.338 349.0 33.52
X8, 808 0500 11.750 19.24 3.338 338.0 65.42
60 0.362 11.626 21.52 3.338 3310 73.15
&0 0.688 11.374 26.07 3.338 316.7 88.63
100 0.844 11.062 3157 3.338 209.6 10732
120, XX 1.000 10.730 36.91 3.338 283.0 125.49
140 1.125 10,500 41.09 3.338 270.0 139.67
160 1.312 10.126 47.14 3.338 251.0 160.27
14 14 38 0.156 13 688 6.78 1.0219 3.665 459 23.07
108 0.188 13.624 8.16 1.0125 3.665 454 7.73
10 0250 13500 1080 0.9940 3.663 446 36.71
20 0312 13.376 13.42 0.9750 3.663 438 45.61
30, 8T 0375 13250 16.05 0.9575 3.665 430 34.a7
40 0438 13.124 18.66 0.9397 3.665 422 63.44
XS 0300 13.000 21.21 0.9218 3.665 414 72.08
60 0394 12812 25.02 0.8957 3.665 402 85.05
&0 0.730 12500 31.22 0.8322 3.665 382 106.13
100 0.938 12.124 3849 0.8017 3.663 360 180,000 130.85
120 1.094 11812 44.36 0.7610 3.663 342 171,000 150.79
140 1.250 11.500 30.07 0.7213 3.663 324 162,000 170.21
160 1.406 11.188 35.63 0.6527 3.665 306 133,000 189.11
16 16 38 0.165 15670 821 1.3393 4,180 601 300,500 27.90
108 0.188 15.624 0.34 13314 4,189 398 299,000 3L75
10 0250 15500 12.37 1.3104 4,189 37 283500 42.05
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TABLE 10-18 Properties of Steel Pipe (Condluded)

Circumference,
ﬂi or surface, Capacity at 1-fi/s
Norminal Outside Wall Inside Cross-sectional area fit/ft of length velocity Weight of
pipe diameter, Schedule thickness, diameter, Metal, U5, galf p].un—end
size, in in no. in in in® Flow, fi Outside Inside min Ivh water pipe, b/t
0 0.312 15.376 15.38 4189 403 S78 289,000
a0, 8T 0.373 15.230 1841 4189 389 565 284,000
40, X8 0.500 15.000 24.35 4159 383 550 275,000
60 0.656 14,688 31.62 4189 385 528 264,000
S0 0544 14312 40.19 4159 75 501 250,500
100 1.031 13.938 4848 4159 365 474 237,000
120 1.219 13.562 36.61 4159 335 430 225,000
140 1438 13.124 65.79 4189 344 422 211,000
160 1.394 12812 72.14 4189 335 402 201,000
18 18 38 0.165 17.670 9.25 1.7029 4712 463 7 352,000 31.42
108 0188 17.624 10.52 1.6941 4712 461 7 379,400 35.76
10 0.250 17.5300 13.94 16703 4712 458 75 375,000 7.39
20 0.312 17.376 1734 1.6468 4712 4353 7 360,500 58.04
ST 0.375 17.250 20.76 1.6230 4712 452 72 364,000 70.59
a0 0.438 17.124 24.16 1.3993 4712 448 718 358,000 52.15
X8 0.500 17.000 27.49 1.3763 4712 443 707 353,500 93.45
40 0.562 16.876 30.7 4712 442 697 348,500 104.67
60 0.750 16.300 40.64 4712 432 666 333,000 138.17
S0 0938 16.124 50.28 4712 422 636 318,000 170.92
100 1.156 15688 61.17 4712 411 602 301,000 207.96
120 1.375 15.230 71.82 4712 389 569 284,500 244.14
140 1.362 14.876 50.66 4712 389 540 270,000 27422
160 1.781 14438 90.7. 4712 378 510 255,000 308.50
20 20 38 0.188 19.624 1170 2.1004 5236 5.14 0943 471,500 39.78
108 0218 19.564 13.35 20878 3.236 3.12 937 467,500 46.06
10 0.250 19.500 13.51 20740 3.236 3.11 930 465,000 532.73
0, 8T 0.375 19.250 23.12 2.0211 3236 3.04 902 451,000 T8.60
30, X8 0.500 19.000 30.63 1.9689 5.236 497 883 441,500 104.13
40 0.594 18.812 36.21 1.9302 5.236 492 866 433,000 123.11
60 0812 18.376 48.05 18417 5236 481 %26 413,000 166.40
S0 1.031 17.938 61.44 1.7350 5236 4.7 787 393,500 208.87
100 1.281 17438 75.33 1.6585 5236 4357 T44 372,000 256.10
120 1.300 17.000 §7.18 1.5763 3236 445 o7 353,500 206.37
140 L7 16.500 100.3 14849 3236 432 665 332,500 341.09
160 1.960 16.062 1115 1.4071 5236 421 632 316,000 39717
24 24 38 0218 23,564 16.29 3.0285 6283 6.17 1339 679,500 35.37
10, 108 0.250 23,500 15.65 3.012 6283 6.15 1330 675,000 63.41
0, 8T 0.375 23250 27.83 2948 6283 6.09 1325 662,500 94,62
XS (.500 23.000 36.90 2885 6253 6.02 1295 642,500 125.49
30 0.562 22876 41.39 2,554 6253 5.89 1251 640,500 140,68
40 0688 22624 30.39 2,792 6253 5.82 1233 626,500 171.29
60 0.969 22,062 70.11 2,635 6283 5.7 1192 396,000 238.35
S0 1.219 21.562 57.24 2.536 6283 5.64 1138 368,000 296,38
100 1.331 20.938 108.1 2.301 6283 548 073 336,500 367.39
120 1.512 20.376 126.3 2.264 6283 5.33 1016 08,000 429.39
140 2,062 19.876 142.1 2,135 6253 3.20 965 482,500 483,12
160 2344 19.312 159.5 2034 6253 3.06 913 436,500 542,13
an a0 as 0.250 29,500 23.37 4.746 T.534 7.72 2130 1,065,000 79.43
10, 108 0.312 29,376 25.10 4.707 T.554 T.69 2110 1,055,000 98.93
ST 0.373 29.230 34.90 4666 7.854 T.66 2094 1,048,000 118.65
20, X8 0.500 29.000 46.34 4387 7.854 7.39 2053 1,027,500 1537.32
a0 0625 28.730 37.68 4.508 7.854 733 2020 1,000,000 196.08

55, 105, and 408 are extracted from Stainless Steel Pipe, ANSI B36.19—15976, with permission of the publisher, the American Society of Mechanical Engineers,
New York. ST = standard wall, XS = extra strong wall, = double extra strong wall, and Schedules 10 through 160 are extracted from Wrought-Steel and Wrought-
Iron Pipe, ANSI B36.10—1875, with permission of the same publisher. Deumal thicknesses for respective pipe sizes represent their nominal or average wall dimen-
sions. Mill tolerances as high as + 1214 percent are pem'm-ted

Plain-end ;n(fe is produced by a square cut. Pipe is also shipped from the mills threaded, with a threaded coupling on one end, or with the ends beveled for weld-
ing, or grooved or sized for patented muplmﬂ Wei q_’hts per foot for threaded and L%Jupled pipe are slehlhf greater hecause of lheweiﬂht of the L'uuplml_, Tt it is ot
d\'ﬂllﬂhll‘_’ larger than 12 in or lighter than Schedule 30 sizes 8 through 12 in, or Schedule 40 6 in and smaller.

To convert inches to millimeters, multi lv by 25.4; to convert \qu.u'e inches to square millimeters, multiply by 645; to convert feet to meters, multiply by 0.3045; to
comvert square feet to square meters, multiply by 0.0829: to convert pounds per foot o kilograms per meter, multiply by 1.49; to convert gallons to cubic meters, mul-
tiply by 3.7834 % 107, and to convert pounds to kilograms, multiply by 0.4336.
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Clasificacion de Bombas
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Curvas Tipicas para Bombas Centrifugas

400 100
e MICSF
360 90
320 80
280 70
240 60 <
: 1
. )
3 50 §
)
T Hfficiency &
160 40
120 30
80 20
40 10
0
20
15 T Rower
,’
§ 10 —
§ I
5
0
40
&
o _—" \pstr
—
é 20 s
z
0
0 20 40 60 80 100 120 140 160 180 200 220
Flow - USgpm

Pagina 50



Compendio de Tablas y Graficos

Model 620: 1 x 0.75x 3.75 - 1750 RPM Model 620: 1x0.75x 3.75 - 3500 RPM
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Curvas Tipicas para Bombas de Desplazamiento Positivo

TEST FLUID: WATER (1 cP) TEST FLUID: OIL (100 cP)
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Comparacion Bomba Centrifuga vs. Bomba Desplazamiento Positivo

Observando las graficas de Altura desarrollada por cada bomba (H) en funcién del Caudal (Q),

se puede apreciar la diferencia en el comportamiento dinamico de cada tipo de bomba.

¥

Bomba Centrifuga

Bomba Desplazamiento Positivo

Q
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Transferencia de Energia

Componentes de la Densidad de Flujo de Energia q (Ley de Fourier)

Expresion vectorial de la ecuacién de razén de cambio de Fourier: q=—kvT
Coordenadas Coordenadas Coordenadas
Rectangulares Cilindricas Esféricas

oT oT oT
S = _k— e
% OX & or & or
oT 10T 10T
y:—k— qaz—k—— qu_ R
oy roo roo
oT oT 1 oT
qZ:_k_ qZ:_k_ q¢:—k RN
0z 0z rsené og¢
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Ecuacion de Energia en Funcion de las Densidades de Flujo de Energia y
de Cantidad de Movimiento

Coordenadas Rectangulares®:

0
oT  aT mng:{aququaqz}

S| =V, — v, —
pcv(at “ox oy oz ox oy oz

p ) [ oV 3V 6v ov v, ov
-T| —= VTt Ty —— T,
oT 8X G'y E3 OX oy 0z

o))
—1Ty — |47, =+ |+7 +
oy OX oz 0OX oz oy

Coordenadas Cilindricas®:

Pév ﬁ+v oT v 6T vﬁ =—1£(rqr) 16q9 8qz
ot 8r rae 0z r or rae 0z

op 1 0 1 ov, 8v ov, 1( ov, ov,
_T T~ (rvr) Trr_+2-99_ _+Vr +TZZ_
oT r or r 69 82 or r\ o6 0z

o(v,) 1lov, (6vz avrj 1ov, ov,
Tl = & |+=—= |+7,| —=+ +7,| = +—2
or\Lr r o6 or oz rod oz

Coordenadas Esféricas®:

0 —(q,sen6)

or o vaT Y g__[l a(z )
" rsend 00

—+V, —+ ——
ot or r 00 rsenf o¢ r or
0 ov
gt M T[@j izi(rzvrﬁ 1 i(vgsen¢9)+ 1 A
rsené o¢ or ), \r*or rsené o6 rsené o¢

ov, 1(ov, 1 v, v, v,cotd
— Tt T —| VY, [Ty —+-L+

or r\ oe rsengd og¢ r r

v, 1ov, Vv, 8V¢ 1 o, Y
T T |ty ot

o rofd r or rsen@ o r

10V 1 ov, cotéd
+74 - v,
r oo rsen¢9 o¢ r

¢ Los términos entre corchetes { } corresponden a la disipacién viscosa y generalmente pueden despreciarse,
excepto para sistemas que poseen elevados gradientes de velocidad.
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Ecuacion de Energia en Funcion de las Propiedades de Transporte
Para fluidos newtonianos de p, 1 y k constantes: obsérvese que la constancia de p implica

que év =ép

Coordenadas Rectangularesf:

oC +V,—+V + +
! ox*  oy* or°

X y +Vz
ot OX oy 0z
ov, oV, 2
+ | =+ —
oy oX

(35
+2u +|—| +
OX oy 0z
(avx aVz jz [6\/)’ aVz jz}
+ + +| —+
oz oX oz oy

Coordenadas Cilindricas":
A (oT oT v, oT oT 1o0( 0T 10T 07T
— < — v =k|=— + = +
~ ( j [ j r? 00’ 622}

(ave 15ij2
| ==k
oz r o6

A(G_T ot aT 8_T]_k[82T o°T 82T}

+Vr 7 AL
ot or r 06 0z
BEEETIRE
+2u + =] ==+V, || +
or r\ oo 0z
o, ov.Y [1ov, o (v\]
+ + ==L +r—| =
or 0z r 00 or\r
Coordenadas Esféricas':

A v
pCV a_T_|_Vra_T_|_V_‘96_T+ ¢ 8_T =k izi(rza_-r + 1 0 (Senga_-rj
ot or r 00 rsend o¢ r

1 0T o, ) (1év, v, 1 &, v, v,cotd)
+ |+ 21 ===+ L | + —+ L+
resen‘@ o¢ or rog r rsené o r r

o(v,y 1ov. [ 1 av, v, (v\] [seno a( v, 1 o,
Ul r—| = [+= + —L+r—= = | + — +
oryr r oo rsené o¢ or{r r o0d\senf) rsené o¢

or

-
_+_

Los términos entre corchetes { } corresponden a la disipacion viscosa y generalmente pueden despreciarse,
excepto para sistemas que poseen elevados gradientes de velocidad.
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Eficiencia de Superficies Extendidas

Aletas Rectas con Perfiles Rectangulares, Triangulares y Parabdlicos

100

80

60

1, (%)

40

20

0.5

LY (h/kA,)"?

1.5 2.0 2.5

Aletas Anulares de Perfil Rectangular

100

60

7y (%)

40

20

80 |

1.0

LY ?(h/kA,)V?

1.5 2.0 25

Pagina 57



Compendio de Tablas y Graficos

Expresiones para la Eficiencia de Aleta en las Formas Mas Comunes

Aletas rectas

Rectangular®
Ar=2wL,
L.=L+ (1/2)

Triangular®

Ap=2w[L? + (112)'2

Parabélica®
Ar=w[C\L? +
(L*0In (H/IL + C))]

Cy =1 + (L

Aleta circular
Rectangular®

Ap=27(r3. — )

Foe =1y + (1/2)

Aletas de punta

Rectangular®

Af = 7TDL(
L. =L + (D/4)

Triangular®

D
A= == (2 + (DR

Parabdlica®
7L}
Ag= —83 {CyCy —

L
5h In [(2DC,/L) + C,))

Cs
Cy

1 + 2(D/L)?
[1 + (DIL)})'?

_ tanhmL,

s mL,

1 L@mL)
M = L To2mL)

2

" G+ 71

_ K\ (mr)I(mry) — I,(mr)K,(mry,)
M= O Y mr K, (mry) + Ko(mr)L(mr0)

(2ry/m)
kA
_ tanh mL,
A
2 L,(2mL)
W=y
mL 1,(2mL)
2

M ALY + 117 + 1

m = (2h/kt)'".
bm = (4h/kD)"2.
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Conduccion de Calor en Estado No Permanente

Soluciones Analiticas para el Perfil de Temperatura Adimensional

= Placa Plana

Solucion Exacta:
/

Ty ro) = Z.::Cn -exp(— gnzFo)- cos(g“n -x*)

Con: Bi=¢, -tan(¢,)

_ 4esen(¢,)
" 2.0 +sen(2-¢,)

Y

——

-b b

X

Valida para la siguiente ecuacion y condiciones de borde adimensionales:

ﬂzv*ZT*
oFo
= Cond. Inicial: Fo=0 vy = Tyo)=1
. oT” .o
= Cond. Contorno: Fo>0 y =41 — - =4Bi-T (s1.r0)
y =t1
y =0 — aT* =0
o,

Para valores de Fo > 0,2, la solucién en serie infinita se puede aproximar con el primer término

de la serie.
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= Cilindro Infinito

Solucion Exacta:

T =3¢, 004, Fo)-3,(¢, )

n=1

Con: Bi:é’n'Jl(i

:i. ‘]l n
éln ‘Joz(é/n)_'_ ‘]lz(é/n)

Vilida para la siguiente ecuacion y condiciones de borde adimensionales:

o _ 1.0 (..aT
oFo r or’ or’

= Cond. Inicial: Fo=0 v - T =1
* aT* - *
= Cond. Contorno: Fo>0 r=1 — e =xBI-T (1ro)
r |«
r =1
rr=0 - aT* =0
or |.

Jo v J; son las funciones de Bessel de primera clase.

Para valores de Fo > 0,2, la solucién en serie infinita se puede aproximar con el primer término
de la serie.
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= Esfera

Solucién Exacta:

T*(r*,Fo) = ch 'exp(_é/nzFo). é/ ].-r* 'Sen(é’n ' r*)

n=1 n

Con: Bi=1-¢,-cot(<,)

c - 4-[sen(¢, )¢, -cos(<, )]

" 2'§n_sen(2'é’n)

Vilida para la siguiente ecuacion y condiciones de borde adimensionales:

oT" 1 6(r*28T*j

oFo (2 or or
= Cond. Inicial: Fo=0 vro o T*(r*,o) =1
* aT* - *
= Cond. Contorno: Fo>0 r=1 — 5 =xBIi-T (1r0)
r|.
r=1
r=0 — aT* =0
or r'=0

Para valores de Fo > 0,2, la solucién en serie infinita se puede aproximar con el primer término

de la serie.
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Coeficientes Empleados para la Aproximacion de un Término en las Soluciones de Serie
de la Conduccidon Transitoria Unidimensional

Pared Plana Cilindro Infinito Esfera
& & &

Bi (rad) C, (rad) C, (rad) C,
0,01 0,0998 1,0017 0,1412 1,0025 0,1730 1,0030
0,02 0,1410 1,0033 0,1995 1,0050 0,2445 1,0060
0,03 0,1732 1,0049 0,2439 1,0075 0,2989 1,0090
0,04 0,1987 1,0066 0,2814 1,0099 0,3450 1,0120
0,05 0,2217 1,0082 0,3142 1,0124 0,3852 1,0149
0,06 0,2425 1,0098 0,3438 1,0148 0,4217 1,0179
0,07 0,2615 1,0114 0,3708 1,0173 0,4550 1,0209
0,08 0,2791 1,0130 0,3960 1,0197 0,4860 1,0239
0,09 0,2956 1,0145 0,4195 1,0222 0,5150 1,0268
0,10 0,3111 1,0160 0,4417 1,0246 0,5423 1,0298
0,15 0,3779 1,0237 0,5376 1,0365 0,6608 1,0445
0,20 0,4328 1,0311 0,6170 1,0483 0,7593 1,0592
0,25 0,4801 1,0382 0,6856 1,0598 0,8448 1,0737
0,30 0,5218 1,0450 0,7465 1,0712 0,9208 1,0880
0,40 0,5932 1,0580 0,8516 1,0932 1,0528 1,0164
0,50 0,6533 1,0701 0,9408 1,1143 1,1656 1,1441
0,60 0,7051 1,0814 1,0185 1,1346 1,2644 1,1713
0,70 0,7506 1,0919 1,0873 1,1539 1,3225 1,1978
0,80 0,7910 1,1016 1,1490 1,1725 1,4320 1,2236
0,90 0,8274 1,1107 1,2048 1,1902 1,5044 1,2488

1,0 0,8630 1,1191 1,2558 1,2071 1,5708 1,2732

2,0 1,0769 1,1795 1,5995 1,3384 2,0288 1,4793

3,0 1,1925 1,2102 1,7887 1,4191 2,2889 1,6227

4,0 1,2646 1,2287 1,9081 1,4698 2,4556 1,7201

5,0 1,3138 1,2402 1,9898 1,5029 2,5704 1,7870

6,0 1,3496 1,2479 2,0490 1,5253 2,6537 1,8338

7,0 1,3766 1,2532 2,0937 1,5411 2,7165 1,8674

8,0 1,3978 1,2570 2,1286 1,5526 2,7654 1,8921

9,0 1,4149 1,2598 2,1566 1,5611 2,8044 1,9106
10,0 1,4289 1,2620 2,1795 1,5677 2,8363 1,9249
20,0 1,4961 1,2699 2,2881 1,5919 2,9857 1,9781
30,0 1,5202 1,2717 2,3261 1,5973 3,0372 1,9898
40,0 1,5325 1,2723 2,3455 1,5993 3,0632 1,9942
50,0 1,5400 1,2727 2,3572 1,6002 3,0788 1,9962
100,0 1,5552 1,2731 2,3809 1,6015 3,1102 1,9990

oo 1,5707 1,2733 2,4050 1,6018 3,1415 2,0000
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Graficas de Gurney-Lurie

e Definicidon de Variables:

Simbolo del Transferencia de Conduccion
parimetro masa molecular de calor

Cambio incompleto, v Ca, = Ca Ts—T
razon adimensional Cas—Chq T~ To
D, al
Tiempo relativo X ——-:3-' =
X, Xy
X X
Posicion relativa n b e
X; 1|
: Dias %
Resistencia relativa m e ke

T = temperatura subindices
¢, = concentracion de la componente A 0 =condicién inicial en el tiempo t =0

x = distancia de! centro a cualquier punto | = frontera

t = tiempo A = componente A

k = conductividad térmica a0 = gondicion de referencia correspon-
h, k. = coeficientes de transferencia convectiva diente a la lemperatura

a = difusividad térmica
D, = difusividad de 1a masa
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e Simetria Cilindrica:
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e Simetria Esférica:
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Graficas para la Solucion de Problemas de Transferencia en Estado No Permanentes

e Placa Plana:
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€ Las variables n y m se definen como: N = X/LC ym =]/Bi
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e Cilindro:
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Historia de la Temperatura Central de una Placa Infinita:
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e Historia de la temperatura Central de un Cilindro Infinito:
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e Historia de la Temperatura Central de una Esfera:
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Distribuciones de Temperatura en un S6lido Semi-Infinito para Distintas Condiciones
de Superficie

a) Temperatura superficial constante
b) Flujo de calor superficial constante
¢) Conveccidn superficial

Caso (1) Caso (2) Caso (3)
Th,0) = T; Tix, 0 = T; 7. 0) =
0.0 =T, -k .'max e=0=4q) —kaTixl, - g = hm° ~T(0. )

#——D

. : .
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Soluciones para Sistemas Multidimensionales Expresadas como Productos de
Resultados Unidimensionales
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En cada caso la solucién multidimensional se establece como el producto de las siguientes
soluciones unidimensionales:

T =T
S(X t) — (X,t) ©
' T, =T, |solido
Semiinfinito
LI
F)(X t) — (X,I) )
' Ti —TOo Pared
plana
Teo =T
C(r t) — (r,t) ©
’ T. =T, |cilindro
Infinito
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Transferencia de Materia

La ecuacion de Continuidad de 4 en Diversos Sistemas Coordenados en
Base Molar

Coordenadas Rectangulares:

oC, J{@NAX LNy aNAZJ_ .
A

a | x oy o

Coordenadas Cilindricas:

ON ON
C, Eé(rNAr)+1 Ao~ A2 |=R,
ot r ox r oé oz

Coordenadas Esféricas:

oN
Ca %E(rZNA,)Jr ! i(N,Aesen6?)+ ! =R,
ot re< ox rsené oo rseng o¢
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La Ecuacion de Continuidad de A para p y Dag Constantes en Base Molar

Coordenadas Rectangulares:

2 2 2
aCA+ v, aCA+vy s +V, Ly =Dy 8CZA+6(32A+8CZA +R,
ot OX oy 0z OX oy oz

Coordenadas Cilindricas:

+Vv, =

acA+(v oC.,, 13C, acAj

ot or r o0 ° oz
10( oC 1 8°C, o°*C
=Dy| ——|r—2 |+ > —2+——A|+R
AB[r ar( ar j r’ 00>  oz° J A
Coordenadas Esféricas:
6CA+ v, 6CA+V916CA by, 1 oC,
ot or r oo rsenéd o¢

2
=D, %g(rzaCAj+ . ! i(seneac‘\j+ - 12 8C2A +R,
r<or or resend oo 00 resen“6 o¢
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La ecuacion de Continuidad de 4 en Diversos Sistemas Coordenados en
Base Masica

Coordenadas Rectangulares:

on
aa)A_i_ anAx + Ay +anAz =rA
ot x oy oz

Coordenadas Cilindricas:

on on
00, +(£§(rn“)+1 Ao +iJ=rA
r

ot r 00 0z

Coordenadas Esféricas:

on
00 . %g(rznmﬁ ! i(nA6,\~=,e>n¢9)+ ! Mi=r,
ot re< ox rsené o6 rsend o¢
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La Ecuacion de Continuidad de A para p y Dag Constantes en Base Masica

Coordenadas Rectangulares:

2 2 2
0w, v, ow, v ow, 0w, _D, 0 a;A +8 a;A +6 a;A i,
ot OX oy oz

Coordenadas Cilindricas:

0w, +(V aa)A+V l@wA+V GwAj
r 4

ot or r o ° oz
10( Ow 1 0*w, O’w
=Dl =—|r—2 |+ 5 —2+—L|+r
AB[r ar( arJ r’ 00> oz’ J A

Coordenadas Esféricas:

0w, 0w, 10w, 1 OJw,
+|V, —=+V, = +V,
ot or r o6 rsen@ o¢

2
=Dy izﬁ rzawA + 21 iseneaa)A +— 12 6602’* +1,
reor or resend o6 00 resen“é o¢
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Analogias entre Transferencia de Calor y Masa a Bajas Velocidades de

Transferencia

Heat transfer Binary mass transfer
quantities quantities (isothermal
(pure fluids) fluids, molar units)

Profiles T X4

Diffusivity a=k/ P&p D 4p

Effect of profiles g1 (C’_ﬂ) o1 (E)

on density P\dT}, P\dxs)ur

Flux q Ja = Ny + x4(N, + Npg)

Iransfer rate Q2 Wan = X0l Wy + Wiy

. - W — x4l Wag + Wyp)

Transter coetficient h = AAT k, A Ar,

Dimensionless groups Re = ljwuo/ 1 Re = ljppp/ 11

common to all three Fr = vi/gl, Fr = v3/gl,

correlations

Dimensionless groups Nu= Ii!'u," k Sh=kl,/c9 5

that are different Pr=Cu/k Sc = pu/p 45

Gr = Bp’eBAT/ _ui
Pé = RePr = lw,C,/k

Gr, = Bp’géAx./ 0’
Pé = ReSc = lw,/D s

Chilton—Colburn
j-factors

ji — NuRe 'Pr~'"

I ( Ci,_u,) 2/3
ﬂf:pﬂn k

jp = ShRe 'S¢

_k (L)M
o \ pl
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Relaciones y Funciones Matematicas

Gradiente, Laplaciano, Divergencia y Rotor en Distintos Sistemas
Coordenados

Coordenadas Cartesianas:

N, NV, v,

VW ="—R+—§+—17
OX oy 0z
2 2 2
VZV:6\2/+6\2/+8\2/
OX oy oz
. oA
V-A:aAX+ eraAZ
ox oy oz

- oA, aAy N oA, OA, |. 5Ay oA, |,
oy oz oz OX ox oy
Coordenadas Cilindricas:

ﬁv =a_vf+lﬁ_vé+a_vf
or r o6 oz
2 2
VZV :lg(rﬂ]-i_izg-i_g
ror\ or r° o6 0z
10A, OA,
+o—+
ror r o oz
VxA= lﬁAz_% F i aAr_aAz o+ EE(I’AQ)—EGAV ;
r oo oz oz or ror r 06

Coordenadas Esféricas:
ﬁv :a_vf_{_la_Vé_F 1 a_v "
or r oo rsenéd og¢
2 2
VZV:la—Z(rV)+ - ! i(sené’ﬂj+—2 ! - 6\2
ror resené oo 060) rcsen® 0 o¢

- oA
V-A:izﬁ(rzA,)+ L i(Atgs,en9)+ 1 &
r<or rsenéd o6 rsenéd o¢

ﬁxﬂ:{ L [i(A¢sen@)—%ﬂf+[1(iﬂ—g(rqu)ﬂé
rsené\ oo o¢ r\senéd o¢ or
L(2 o)A
’{F(ﬁ(m@) aaﬂ‘é
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Funciones Hiperbdlicas

_cosh(x): : Jrze_x = cosh(-x) _senh(x): e’ —e” = —senh(- x)
tanh(x) = T:EZEEX cotanh(x) = gz;ggz;
cosh(x)+senh(x) = e* cosh(x)—senh(x)=e™

cosh?(x)—senh?(x)=1
senh(x + y) = senh(x)- cosh(y) + senh(y)- cosh(x)

cosh(x + y) = cosh(x)- cosh(y)+ senh(y)-senh(x)

tanh(x)+ tanh(y)
1+ tanh(x)- tanh(y)

tanh(x + y)

[senh(x)-senh(y) = % [cosh(x + y)—cosh(x — y)]

cosh(x)- cosh(y) = % [cosh(x + y)+ cosh(x — y)]

| senh(x)-cosh(y) = % [senh(x + y)+senh(x — y)]
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Funcion Gaussiana de Error

La funcién Gaussiana de error se define como:

2 5
erf(w)= —Ie’“ do
Jr
e La funcién Gaussiena de error tabulada:

w erf w W erfw w erf w
0.00 0.00000 0.36 0.38933 1.04 0.85865
0.02 0.02256 0.38 0.40901 1.08 0.87333
0.04 0.04511 0.40 0.42839 112 0.88679
0.06 0.06762 0.44 0.46622 1.16 0.89910
0.08 0.09008 0.48 0.50275 1.20 0.91031
0.10 0.11246 0.52 0.53790 1.30 0.93401
0.12 0.13476 056 0.57162 1.40 0.95228
0.14 0.15695 0.60 0.60386 1.50 0.96611
0.16 0.17901 0.64 0.63459 1.60 0.97635
0.18 0.20094 0.68 0.66378 1.70 0.98379
0.20 0.22270 0.72 0.69143 1.80 0.98909
0.22 0.24430 0.76 0.71754 1.90 0.99279
0.24 0.26570 0.80 0.74210 2.00 0.99532
0.26 0.28690 0.84 0.76514 2.20 0.99814
0.28 0.30788 0.88 0.78669 2.40 0.99931
0.30 0.32863 0.92 0.80677 2.60 0.99976
0.32 0.34913 0.96 0.82542 2.80 0.99992
0.34 0.36936 1.00 0.84270 3.00 0.99998
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e Grafico de la funcion error:

erf (w)

También, se define la funcién de error complementaria:

erf(w)=1—erf(w)
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Primeras Cuatro Raices de la Ecuacion Trascendental, §,tan,=Bi, para
Conduccion Transitoria en una Pared Plana

Bi= o 6 & & we &
0 0 3.1416 6.2832 9.4248
0.001 0.0316 3.1419 6.2833 9.4249
0.002 0.0447 3.1422 6.2835 9.4250
0.004 0.0632 3.1429 6.2838 9.4252
0.006 0.0774 3.1435 6.2841 9.4254
0.008 0.0893 3.1441 6.2845 9.4256
0.01 0.0998 3.1448 6.2848 9.4258
0.02 0.1410 3.1479 6.2864 9.4269
0.04 0.1987 3.1543 6.2895 9.4290
0.06 0.2425 3.1606 6.2927 94311
0.08 0.2791 3.1668 6.2959 9.4333
0.1 0.3111 3.1731 6.2991 9.4354
0.2 0.4328 3.2039 6.3148 9.4459
0.3 0.5218 3.2341 6.3305 9.4565
0.4 0.5932 3.2636 6.3461 9.4670
0.5 0.6533 3.2923 6.3616 9.4775
0.6 0.7051 3.3204 6.3770 9.4879
0.7 0.7506 3.34717 6.3923 9.4983
0.8 0.7910 - 3.3744 6.4074 9.5087
0.9 0.8274 3.4003 6.4224 9.5190
1.0 0.8603 3.4256 6.4373 9.5293
1.5 0.9882 3.5422 6.5097 9.5801
2.0 1.0769 3.6436 6.5783 9.6296
3.0 11925 3.8088 6.7040 9.7240
4.0 1.2646 3.9352 6.8140 9.8119
5.0 1.3138 4.0336 6.9096 9.8928
6.0 1.3496 4.1116 6.9924 9.9667
7.0 1.3766 4.1746 7.0640 10.0339
8.0 1.3978 4.2264 7.1263 10.0949
9.0 1.4149 4.2694 7.1806 10.1502

10.0 1.4289 4.3058 7.2281 10.2003
15.0 1.4729 4.4255 7.3959 10.3898
20.0 1.4961 4.4915 . 7.4954 10.5117
30.0 1.5202 4.5615 7.6057 10.6543
40.0 1.5325 4.5979 7.6647 10.7334
50.0 1.5400 4.6202 7.7012 10.7832
60.0 1.5451 4.6353 - = T259 10.8172
80.0 1.5514 4.6543 7.7573 10.8606
100.0 1.5552 4.6658 7.7764 10.8871
© 1.5708 4.7124 7.8540 10.9956
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Compendio de Tablas y Graficos

Funciones de Bessel de Primera Clase

X Jo(x) Ji(x)
0.0 1.0000 0.0000
0.1 0.9975 0.0499
02 0.9900 0.0995
03 0.9776 0.1483
0.4 0.9604 0.1960
0.5 0.9385 0.2423
0.6 09120 0.2867
0.7 0.8812 0.3290
0.8 0.8463 0.3688
09 0.8075 0.4059
1.0 0.7652 0.4400
1.1 0.7196 0.4709
12 0.6711 0.4983
i3 0.6201 0.5220
1.4 0.5669 0.5419
15 05118 0.5579
1.6 0.4554 0.5699
17 03980 0.5778
1.8 0.3400 0.5815
1.9 0.2818 0.5812
2.0 0.2239 0.5767
2.1 0.1666 0.5683
22 0.1104 0.5560
2.3 0.0555 0.5399
24 0.0025 0.5202
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Compendio de Tablas y Graficos

Funcines de Bessel! modificadas de Primera y Segunda Clase

x e *Iy(x) e*I(x) eKy(x) e*K,(x)
0.0 1.0000 0.0000 0 o
0.2 0.8269 0.0823 2.1407 5.8334
04 0.6974 0.1368 1.6627 3.2587
0.6 0.5993 0.1722 1.4167 2.3739
0.8 0.5241 0.1945 1.2582 1.9179
1.0 04657 0.2079 1.1445 1.6361
12 0.4198 0.2152 1.0575 1.4429
1.4 0.3831 0.2185 0.9881 1.3010
1.6 0.3533 0.2190 0.9309 1.1919
1.8 0.3289 0.2177 0.8828 1.1048
2.0 0.3085 0.2153 0.8416 1.0335
22 0.2913 0.2121 0.8056 0.9738
2.4 0.2766 0.2085 0.7740 0.9229
2.6 0.2639 0.2046 0.7459 0.8790
2.8 0.2528 0.2007 0.7206 0.8405
3.0 0.2430 0.1968 0.6978 0.8066
32 0.2343 0.1930 0.6770 0.7763
34 0.2264 0.1892 0.6579 0.7491
3.6 0.2193 0.1856 0.6404 0.7245
3.8 02129 - 0.1821 0.6243 0.7021
4.0 0.2070 : 0.1787 0.6093 0.6816
42 0.2016 0.1755 0.5953 0.6627
44 0.1966 0.1724 0.5823 0.6453
4.6 0.1919 0.1695 0.5701 0.6292
4.8 0.1876 0.1667 0.5586 0.6142
5.0 0.1835 0.1640 0.5478 0.6003
52 0.1797 0.1614 0.5376 0.5872
54 0.1762 0.1589 0.5279 0.5749
5.6 0.1728 0.1565 0.5188 0.5633
58 0.1696 0.1542 0.5101 0.5525
6.0 0.1666 0.1520 0.5019 0.5422
6.4 0.1611 0.1479 0.4865 0.5232
6.8 0.1561 0.1441 0.4724 0.5060
92 0.1515 0.1405 0.4595 0.4905
7.6 0.1473 0.1372 0.4476 0.4762
8.0 0.1434 0.1341 0.4366 0.4631
8.4 0.1398 0.1312 0.4264 0.4511
8.8 0.1365 0.1285 0.4168 0.4399
9.2 0.1334 0.1260 0.4079 0.4295
9.6 0.1305 0.1235 0.3995 0.4198
10.0 0.1278 0.1213 0.3916 0.4108

S PR PO —(2n/X)|n(x)
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