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ANEXO 1 Cuadro de pardmetros medidos y calculados

[ve1-1 parimenos Smbolo ~ {Unidad Modo Diesel Moo Diesel/Gas Moo Diesel/Gas
Corriente de inea _ A 180105 [0£05 |60£05  [50£05  |[40£05  |5£05 80105 10405
Duty Cycle 0C % 0 0 0 0 0 0 8 10 il 5 8 10 60 5
Consumo masico de gas atural mgs  |kgh 0 0 0 0 0 0[699£020 [6184020 [473£020 |407+020 (7054020 |615+020 [491£020 [406£020
Temperatura dg ingreso de gas natural - [Teadm, gas [°C (28401 (28401 |28+01 |28:01 |228+01 (22801 (21400 (25400 ([25+01 |25+01 |23:01 |26+01 |25:01 (24101
Presi6n de aomisidn de gas natural Pamgas [kpa (3002004 (3004004 [00£004 3004004 [00£002 [300+002 (45604004 13917004 20874004 231324004 4663+ 004 141664 0,04 |20344 +004 23391004
o |Masa inicial de diesel mo diesel [ky (0444000 18254001 |238+000 (2862001 (4535001 (3681001 [LU75£001 |1245+001 |13300L 14554001 (2042001 (2065001 (235001 223401
3 [Masa fialde dese midiesel (kg 0614001 L7001 |251+000 (298001 (462+001 (3755001 (1195001 |1275+001 13854001 |15054001 (20654001 (2095001 (2074001 (2284001
m Tiempo de consumo de dlesel tcons, diesel s 635505 6299405 |8320£05 [66.94£05 |[pL51+05 (5756405 (5381405 |57.82405 384205 839705 (633105 (1534205 (5926405 [55.3105
0 Temperatura de aire de admisin Tadm, air 26401 |24+01 (24101 128401 [209+01 215401 |24+01 (201+01 |2A7401 (215401 25401 (24+01 222401 |2A3+01
2 |Presion de aire en la admision Padmair 207+000 2844001 [-296+000 |-35£001 [-315£001 |-3004001 [-32+000 |-308+001 302001 |-298+001 328001 |-323+001 |3100L |[-305£00L
£ [Temepratura gases de escape 1K 5168+03 [4322403 (371503 336103 (2677403 81103 (4327403 |4201+03 (4225403 |4241£03 (41403 |3865+03 3755403 (3736103
m Mondxido de Carbono CO ppm 85¢10 28410 [A9B10 659410 (3610 |233+10 (90+10 |1068+10 [805£10 (100810 (900410 (1258410 |578+10 (1498410
Oxidos de nitrégeno Nox 860+10 (2631410 (2400410 184410 (130£10 |M2+10 (1300410 |4%+10 (28%5+10 |203£10 [A1410 (88010 132710 (1870410
Hidrocarburos no quemados HC 0 0 0 0 0 0[040£10 320410 (159110 |71410  [5730+10 [3040£10 |1250+10 (680410
resion Diferencial del Aire en la PlacaOrific| - APaire A7+04  [M5£04 [21£04 |06404 [06£04 |197:04 (20£04 216104 (20104 |06:04 [M2£04 |03£04 |203404 (2704
Humedad Relativa 0 7705 [80£05  |BL£05  [R2£05 |05 [M9+05 (19405  |18405 [18£05 1805  |80£05  [B0£05  [80+05 (8105
Temperatura Ambiente Toamh A+05  |A405  [21£05  |24405 (05 (20405 (2405 [20£05  |2A405  [20£05  |2U+05 (20405 |21+05  |2A£05
Presitn Atmosférica Patm  [kPa  |10L02£001 10002001 100,02+ 001 (102,024 0,01 (101,024 0,01 {101,02 £ 0,01 {202,024 001 {10102 £001 101,02+ 001 101,02+ 001 (104,024 0,01 (102,024 0,01 {101,02 £ 0,01 {201,024 00L
Relacion de sustitucin RS % 0 0 0 0 0 0[86.11+004 8060+ 004 |648L+004 |7078+004 (8284004 (8270004 (7434004 (6072004
. Densidad del aire paie  |kym3 |1188+0,002 (1187 :+0002 (1187 0,002 |1187+0002 (1187 +0,002 |1187+0002 (L1874 0,02 1167+ 0002 (LL87:+ 0002 1187 £0,002 (1187 :+0002 (1187 +0,004 |1187+0004 (1187 + 0,004
9 |Velocidad del aire V aire _s\m 1146£003 [L1AL£003 (10314003 |1L07£003 (1L17+003 10924003 [L154£003 |1044¢003 [1128£003 [1L17+003 |1133£003 [1100+003 |11,09¢005 (1146005
m Consumo de aire humedo i aire hum __@j 052£01 043401 (2023010 1999401 (1999401 1955400 (066401 [2048+01 (2019401 |2000£01 (2028401 |1985+01 1985401 (2052401
3 |Consumo de are seco mateseco [kgh  |2028+01 (007401 |1998+01 (1974401 (197400 1931401 (2041401 J2023+00 (1995401 |1976+01 (2003401 |19%60+01 (1960401 (2026401
o |Potencia electrica Pe KW (30481014 12667+014 (2864014 |1905£014 (15244014 95264014 130484014 (30484014 130484014 (3048014 2667016 (2667406 2667016 |2667+016
5 Consumo especfico aparente e combustibilcec ghWA 3159121 (31064121 3238+ 121 |338741210 (3897121 |94+ 101 (33694121 3203+ 121 (30944143 2629+ 143 (30004143 {3483+ 143 13149+ 143 (31651143
m Rendimiento efectivo eléctrico ne 013031 (27581042 (2646016 15302015 (2099076 |1740£019 | 5441033 (2675£020 |2769£035 (3260041 [2191£051 (2460031 (21202042 127074016
& |Emisiones espectficas e oxidos e nitrogendsNOx  (ghkWih {0027 #0001 [0.088 + 0001 {0019 + 0002 [0018:+ 00t {0026 + 0001 [0,018 0,001 {0007 0001 0008:+ 000t 0023 #0001 {0,012 £ 0,03 {0005 0003 0005+ 0003 {0008 +0003 [0012 £ 0003
Emisiones especfficas de Gxido de carbono {sCO /WA (0,008 £ 0,00 {0,006 £ 0,001 {0,006 0,001 {0,010+ 0,001 {0,007 0,001 10,007 + 0,001 10,009 £ 0,001 {0,020+ 0,001 {0,007 0,001 {0,009 0,003 {0,009 0,003 {0,013 4 0,003 10017 £ 0,003 |0,016 £ 0,003
Enmisiones especficas de hidrocarburono qusHC ~~ [g/kWih 0 0 0 0 0 0{0,002.40,001 10,0004 0,001 {0,00040,001 {0,000+ 0,003 {0,018:+0,003 {0,0090,003 |0,004:+0,003 {0,002£0,003
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Net-2|parimetros Simbolo | Unidad Maodo Diesel/Gas Modo DieselGas Modo Diesel(Gas Modo Diesel(Gas
Corriente de finea | A 60+05 50405 40405 B05
Duty Cycke DC 8 1) 0 5 % 10 0 5 % (| 0 5 % | 60 )
Consumo mésico de gas natural Tigas 107020 [612+020 |503£020 4062020 [704+00 [605£020 5124020 [419:020 [701£020 [6124020 [4%+020 [41:020 [700£020 [614+020 (498020 4052020
Temperatura de ingreso de gas natural ~ {T°adm, gas 22:01 |23+01 |23:01 [21:01 |2+01 [22£01 |2+01 (29101 (22401 (2701 (2701 (2601 [25:01 |28:01 [27401 26101
Presicn de admision de gas natural Pamgas [kpa  |46,63£004 |1452£004 1988002 233004002493+ 004 (14134004 19444002 22934002 (45054002 (13794002 (20064002 (2314004 (484002 (13754002 (19763002 (23164002
o [Masa inicialde diesel mo,diesel (kg |%35£001 [257+000 |262+000 2715001 (2995001 [30454001 [309£00L [316£001 [464+00L [467+001 [470£001 (47454001 (3795+001 (38154001 (3854001 (389500
3 |Vasa firal d diesel mfdesel (kg |%55:001 |59+001 26554001 2765001 [302+001 [306+000 [312£00L (324001 |46554001 (46854001 47254000 (47754001 (38154001 (383001 (3B75£00L (3925001
3 Tiempo de consumo de dlesel tcons, diesel s 132405 (12405  |474£05 |B405 [%B84+05 (763805 |1h89£05 [6491+05 [L1142£05 65405 (6333405 [60.08£05 |05.11405 [8LO4+05 [5789£05 [B299£05
masgé_s%m_a%as_w_g Toadmair ['C [25+01 86101 |23+01 [29+01 |2:01 |26401 [28+01 |[B1£01 (20401 [24+01 (23101 |B5401 ([23+01 [09+01 |2+01 [2A101
2 [Presion de aire en la admision Pacmair (ke |-339+001 |-333+00L |-324£00L |-318+001 |-345+001 |-346+001 |-335£001 [-324+001 [-347001 [-330£001 3364001 3254001 |-356+001 |-353+001 |-344+001 |-334+00L
E [Temepratura gases e escape T °C 317403 |3619£03 (3369103 3334403 [3365+03 (320603 (078403 [3023+03 (3022403 |2049403 2809103 [274£03 [2637403 |%61+03 [244+03 (218403
m Mondxido de Carbono COpm [ppm  |40+10 128410 |1628+10 |W%6£10 [693£10 |566:10 |1387410 (79410 ([824£10 [92£10 [1983+10 ([247+10 (75£10 [120B+10 (1875:10 (20410
Oxidos e nitrogeno Nox mm (24110 (6110 (78410 [13+10 [48£10 (%7410 (45410 [609+10 |302+10 |32+10 |87x10 [34:10 |06x10 |173:10 [09:10 (227210
Hidrocarburos no quemados HC mom  [8780+10 [7170+10 (330+10 (2020£10 (13490110 [3780£10 (6610210 332010 18740410 1410410 [7140£10 [80£10 (23830110 |11930+10 |1520+10 (83010
resion Diferencial del Aire en a PlacaOrificil  APaire N1+04  |07+04  |10+04 |210404 (202404 (197404 [198£04 [200£04 (19004 [190£04 |190£04 20404 |11£04 |185+04 185104 185104
Humedad Relativa 0 00£05 [80+05 [80£05 8105  [82+05 [R2£05  [B2£05 [8Lx05  [2£05  [82£05 |83:05 [84£05 80405 [19:05 [BL£05  [BL£05
Temperatura Ambiente T°amh N£05 (205 405 2405 [2:05 405 |A£05  [2£05  [A£05  [A£05 (20205 [A£05  [A£05 (20205 (405 1105
Presin Atmosférica Patm 101,02+ 001 202,02 £ 0,01 |102,02:+ 001 10,02 £ 0,01 {202,02:+ 0,01 {102,02:+ 001 10,02 £ 001 {202,02:+ 0,01 {102,02:+ 001 101,02 £ 001 202,02+ 0,01 {102,02:+ 001 | 101,02 £ 001 202,02+ 0,01 {102,02:+ 001 |10L02 £ 001
Relacion de sustitucion RS 8636+ 004 (8312004 |77234003 [56,12+003 [8545£003 (8904003 [77%+003 (6562003 (91844003 [86,10+003 |8565£003 [6974+0,03 85,39+003 (8579003 (66864003 [1226+003
. Densidad del aire paie  [kym3 1167+ 0,004 |1167 40,004 | 1167 + 0,004 |1183:+ 0,004 1182+ 0,004 1187 + 0,004 1187 + 0004 (1187 + 0006 (1187 +0006 (L187:+0006 [L187:+0006 [LL87+0006 (1167 +0,006 |1167 0,006 |1167 0,006 |1167 0,006
2 | Velocidad del aire V aire _s\m 1206005 (1020005 |1128£005 |1130£005 [1008+005 (10926005 |10%£005 (1001005 [1073£005 |10,73£005 (1073005 (11126005 |1076£005 [1058+005 (1059005 |1059 0,05
m Consumo de aire humedo i aire hum __@__ 04101 (2004101 (2009401 J0L5+01 [1976400 (1955401 1960101 (197000 (1920401 |1920+01 |192001 (1989401 |1925+01 (189501 (189501 |1895+01
@ |Corsumo de it seco mateseco [kgh (1979401 (1979401 |1994+01 [1988+01 |1949+01 193001 198501 |1945+01 |1896+01 |1896£01 |1895401 |1963+01 [1901401 (1872401 (1671401 (1871401
o |Potencia electrica Pe KW [2286+016 (2861016 |2864016 [2286+016 (1905016 |19054016 |1905+016 (19054016 (15244016 |1524+016 1524016 (15244016 [9626+016 (9526016 (96264016 96264016
2 Consumo especifico aparente de combustibldcec gkWh (43034143 (39674143 (3484143 (36904152 (2144152 (4428152 (181152 (3074152 61954152 56724152 47094152 4616152 |1012,£152 (89354152 (83124152 (67984152
m Rendimiento efectivo eléctrico ne 19514015 [2060£076 (24154019 |32+033 (1643021 (1935403 |050+041 2056051 (13834031 15104042 18202016 (18564015 8467+076 (9592019 (10314033 12604021
& [Enisiones especificas de dxidos de nirogendsNOx — |g/kW.h {0,005 £ 0,003 {0,005 £ 0,003 {0,005 + 0,003 {0,008 0,003 {0,004 0,003 {0,003 0003 {0,003 0,004 {0,005 0,004 {0,003 0,004 |0,004  0/004 10,003 2 0,004 0,003 £ 0,004 0,003 £ 0,004 {0,002 £ 0,004 {0,003 £ 0,004 {0,004 £ 0,004
Emisiones especfficas de Gxido de carbono [sCO fKWW.h {0,005+ 0,003 {0,026 4 0,003 {0,020+ 0,003 {0,018 £ 0,003 {0,010 + 0003 {0,008 0,003 (0,020 + 0,004 {0,026 + 0,004 |0,014 £ 0/004 |0.017 £ 0/004 0,036 £ 0,004 10,041 £ 0,004 0,022 £ 0,004 0,034 £ 0,004 0,054 £ 0,004 {0,079 £ 0,004
Emisiones especificas de hidrocarburo no qu{sHC kWA 10,032:£0,003 {0,027 0,003 (0,012:40,003 |0,007:+0,003 {0,059 0,003 {0,016:+0,003 (0,029:+0,004 0,015+ 0,004 {0,100+0,004 |0,076:+0,004 0,039 0,004 {0,020 40,004 |0,204:£0,004 {0,102 0,004 {0,100+0,004 (0,073 £.0,004
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ANEXO 2 Disefio del Banco Resistivo

El disefio del banco resistivo se basé en los modelos encontrados en la referencia [22], para
nuestra caso se utiliza el siguiente modelo:

El banco resistivo consta de 6 placas separadas por arcos de circunferencia que seran
sumergidas en un recipiente con salmuera, para determinar las dimensiones de dichas
placas se calcula la resistencia del bloque de salmuera que forman y se compara este Ultimo
valor con la resistencia requerida para que el grupo electrogeno opere en condiciones
nominales.

Generador

Datos de placa:

S=45kV.AV, =220V Vy =127V
1800 RPM 60Hz cos@ =1 [ = 1154

Carga en delta:

Figura 1. Esquema de la carga

Potencia aparente del generador

S =+/3 %V, = I, usando datos nominales

I, = = 118,09 A

S
\/§*VL
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I
Ip = 7= =6818 A

R,y = = 323 A (V,=Vg enlacarga)

Ip

La resistencia de la columna de liquido entre dos placas adyacentes se calcula usando la
siguiente expresion:

p es la resistividad en ohm centimetros
L es la distancia entre placa y placa en centimetros

A es el area inmersa del electrodo en centimetros cuadrados

Para encontrar la resistividad del agua, primero se encontrd la conductividad mediante
ensayo, segun el método basado en Standard Methods for the Examination of water &
wastewater, Edicion n°® 22, 2012, Método de laboratorio, realizado por el Instituto de
corrosion y proteccion de la PUCP. (ver ANEXO 3)

De acuerdo al informe del ensayo, la conductividad del agua en las instalaciones del
laboratorio es la siguiente:

Cond = 714+ 107° =

cm
Luego, la resistividad del agua se obtiene invirtiendo la conductividad
p =ﬁ p = 1401 Q.cm

Célculo de la longitud que separa una placa de otra se aproxima esta longitud como si se
tratara de un blogue rectangular en vez de un sector circular, tal como se ve en la Figura 2.
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Figura 2. Vista superior de placas

0 —
A, =m*R? % o (Area total de la seccidn circular)

A2:Leq*(R_C)

A > 4
= * *
0 T*C e
6 6
Ay =1 *R? — % 2
1 T * *2*7-[ T * C *2*7-[

Igualando las areas A; y A, para obtener la longitud equivalente

Leg =35+ (R +C)
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Luego, empleando placas con base (b) de 20 centimetros y altura minima de inmersion
(hinm) de 100 centimetros y de espesor 4 milimetros se procede a encontrar la longitud de
separacion equivalente con la expresion F2 y finalmente se calcula la resistencia del bloque
de agua mediante F1.

b =30 cm (base de placa)

c=4cm

(Distancia de separacion entre placa y el centro axial del banco)
hinm=100 cm (altura de inmersién)

ConF2 Ly, = g (b + 2¢) = 14,66 cm

A=bxhy, =2*103cm yp = 1401 Q.cm

R =20 1026 0

Esta resistencia es de un blogue de salmuera formado por dos placas adyacentes, sin
embargo la resistencia total para una fase debe considerar los dos blogues que se forman
para cada una, estos bloques se encuentran trabajando en paralelo por lo cual se tiene
finalmente lo siguiente:

R *R

Rtotal = R + R

=5,13Q

La resistencia total obtenida se compara con la resistencia que se calculé para la operacion
de generador segun condiciones nominales R,,, = 3,23 Q al no ser iguales, se procede a
recalcular la corriente de linea y la potencia aparente en el generador para la R;ytq;

Vi
I'e

= =42,86 A
Rtotal

I', =1's%V3=74,234

S'=~3xV, x1', =2829kV.A

La potencia anterior es el 62% de la potencia nominal del generador lo cual permite decir
que la resistencia obtenida a partir de las dimensiones de las planchas es aceptable.
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ANEXO 3 Informe de ensayo de conductividad para agua suministrada en la PUCP

G .

o q:nsvmno :
C Y
FROTECHON

pen T UNIVERSIDAD CATOLICA Dl row

INFORME DE ENSAYO ICP/INF-090/2015

—#

SOLICITANTE: LABORATORIO DE ENERGIA

Atencién: ing. Ronald Mass
DOMICILIO: Av. Universitaria 1801 — San Migue!
TELEFONOJ/FAX: 6262000 amexo 4654
SERVICIO SOLICITADO: Determinacitn de conductividad eléctrica en
muestra de agua.
REFERENCIA: ICPIPRO-098/2015.
MUESTREO: Realizado por el solicitante.

FECHA: 2015-06-24.

1 CRI DE ST

El solictame proporciond 01 (una) muestra de agua con cédige ICP-PUCP
2015EQ0479 para 1a determinacion de conductvwidad eléctrica

2 CHA CEPC ELA TRA ; 2015-06-23
3. CHA Cuci ELO AYOS; 2015-08-23
4 M DO D YO

« Determinacién de conductividad eléctrica (segun método basado en Standard
Metheds for the Examination of Wafer & Wastewater, Edicion n® 22, 2012, Método
2510B; método de laboratosio)

5 RE TADOS

Tabia 1
I-cmm;o ICP-PUCP ] m’m"‘) “a"z"g‘.g ‘

‘ 2015EQ0479 1 714

& OBS ACIONE

El resultado corresponde al promedio de tres mediciones

Ejecucitn de ensayos, -—
Quimca Claudia Morales Vargas —
-
Regpansable - — 8
Lic. Isabel Diaz Tang = r
Jefa gal Laboratono de Electroguimica = %
=
—
—

EL PRESENTE INFORME DE ENSAYO CONSTA DE 01 (UNA) PAGINA DE TEXTO.

FONTFICA U ERSOWO CATOLCA LEL PERL
Baatlings de CorToesim § Frasoosn
—

T L T ——
TANC

101
A UNIVEISITREIA 1801 - LIMA 52 - SAN MIGLEL- APARTADO POSTAL 1761 - LIMA 100
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