COMPRESORES CENTRIFUGOS Y
SU IMPLICACION EN EL AHORRO
DE LOS COSTOS OPERATIVOS
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INTRODUCCION

 Normalmente no se le da la importancia al
aire comprimido como se le llegase a dar
a la electricidad y al agua.
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TIPOS DE COMPRESORES
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Compresor de Piston
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Compresor de Tornlillo
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Compresor de Tornillo
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SCFM Vs. ACFM Vs. ICFM
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Masa Vs. Volumen Constante Vs.
Altura Sobre el Nivel del Mar
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Masa Constante Vs. Volumen Vs.
Altura Sobre el Nivel del Mar

1500 m.a.s.l

0.0 m.a.s.l

v=31 ft’

V=38 ft’
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Variacion de la densidad Vs.
Altura Sobre el Nivel del Mar




Formula para el cambio de SCFM
a |ICFM

G = chgy xS - (RHs x PVs ) . Ta Pb
Pb -(RHa xPva ) Ts Pa

Ps=Presidn Estandar (PSTA) Pb = Presidn Barometrica (PSLA)
Pa=FPresidn Actual o de entrada (PSIA) — Normalmente 1gual a Ph menos 0.2 PSIA
BHs = Humedad Eelativa Estandar FHa = Humedad Eelativa Actual

PVs = Presién de saturacidn del vapor de agua a condiciones estandares (P2I)
PVa = Presién de saturacién del vapor de agua a condiciones actuales (FEID

Ts=Temperatura del vapor a condiciones estandar (Grades B (B = Grades F + 4607
Ta=Temperatura del vapor a condiciones actuales (Grados B
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TALLER

Temp. Vapor Temp. Vapor Temp. Vapor Temp. Vapor
Deg. F Pressure Deg. F Pressure Deg. F Pressure Deg. F Pressure
32 08854 52 19182 72 3886 92 7432
34 .09603 54 20642 74 1456 94 7906
36 .10401 56 2220 76 4443 95 8153
38 11256 58 2386 78 4747 96 .8407
40 1217 60 2563 80 5069 98 8935
42 1315 62 2751 82 5410 100 9462
44 14199 64 2951 34 5771 102 1.0078
46 15323 66 3164 85 5961 104 1.0695
16525 68 3390 86 6152
17811 70 3631 88 6556
90 6982

A\ FFLLIOTT

@ PROMINSER sA.c




Datos requeridos para

seleccionar un compresor

e Flujo: (ICFM, ACFM, SCFM, Nm3/Hr....)
e Presion de Descarga: (PSIA, PSIG, BAR..)
 Presion Barometrica o altura sobre el nivel del mar

 Temperatura Ambiental:
— Maxima y Minima (deg. F, deg. C..)
 Humedad Relativa Maxima: (%)

AE&[“G’"’ @ PROMINSER sAC.




Historia del PAP

« 1962 Elliott Co. crea la Division de Compresores
de Aire en Jeannette, Pa USA

e El primer producto fue el Compresor de Aire
Centrifugo con engranes integrados de corte
vertical PAP de 3 pinones.
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Historia del PAP

e En 1985 Elliott establecio un acuerdo de
ventas y servicio con FuSheng en Taiwan.

 El 1 de Octubre de 2003, |la Division de
Compresores de Aire (PAP-PLUS) de
Elliott Company fue adquirido por Fusheng
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Historia del PAP

 Durante 2006 se duplican las unidades vendidas
asi como las ventas en un ano.

 Se hace una fuerte inversion en las
instalaciones de Export, PA. por cerca de $50
Millones de Dolares lo cual tambien incluye un
nuevo centro de maquinado “State of the Art”.
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Historia del PAP

Instalaciones de Manufactura y Empaquetado

« EE.UU.:
Export, PA
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Historia del PAP de Elliott

FS-Elliott Co.

Oficina Principal y Fabrica en
Mellon Road

. Direccion

Legal
Mercadotecnia
Ingenieria /R&D
Contaduria
Planeacion
Control de Calida
Centro de Pruebas
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Export, PA
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Planta en Mellon - Export, PA
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Planta en Mellon - Export, PA
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Planta en Mellon - Export, PA
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Productos FS-Elliott

 Mercados Tipicos

Industria;

— Electronicos
— Acero / Aluminio

— Alimentos & Bebidas
— Automotriz
Farmaceutica

CONMPRESSED AR
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Productos FS-Elliott

 Unidades para la

Industria

— 200 HP ~ 4,000 HP

— 700 ICFM ~ 18,000
ICFM

— Unidades de 1,2 & 3
Pasos

— Accionamiento por
Motor Electrico y

ED AR
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Productos FS-Elliott

» Mercados Tipicos para
API1 672 :

— Refinerias

— Petroquimicas
B LNG 7/ 3 2 gl
— Produccion de Petroleo y Gas -l:é;.:[‘?lﬂ
Separacion de Aire =

CONMPRESSED AR
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Configuracion Estandar
Vs.
Productos de Ingenieria

SELLIOTT PROMINSER sA.c.




FS-Elliott
Descripcion del Compresor
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Flujo del Aire Comprimido
: . El airevuelvea ser
El aire escomprimido por € .
® comprimido en el 20
ler paso del compresor J U —
e ~ pasodel compresor . |
) ’ 4 .—--4?‘. ~__ Sadlidadel aireal
Yo postenfriador y aire
de planta

Entrada del
are El airees
comprimido asu

presion final en
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Alr System

Inlet Air
Filter

- Filter elements
remove airborne
particles from air.
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Alr System

- Filter assembly is shipped
loose on larger air
compressor packages.

- Filter should be located
outside at source of coal,
clean, dry air.

- Should be mounted at least 6
feet (2 m) above floor or
roof.
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Alr System

Two Stage Air Filter

Pre-Filter Element

Final Filter Element

A\ ZFLLIOTT






Alr System

- Cools the hot air from the
impeller.

- Water makes several passes |
through the intercooler.

- Air makes one pass through
Intercooler.

,,,,,,,
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Alr System

- Water makes several passes through the intercooler tube bundle.
- Return channels at each end of tube bundle redirect the water flow.
- Gaskets prevent water leaks. '

- The air makes one pass through the
tube bundle.

- Rubber sealing strips prevent the
bypass of hot air.

- Require periodic maintenance.

Tl
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Alr System

- As the air is cooled, water vapor in the air will condense.
- Water exits the intercooler via a notched drain valve.

- Water traps can be used but must be closely monitored.
- Mufflers are available to attenuate the noise.
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Alr System

- The tube bundles inside the
Intercoolers require periodic
maintenance.

- Typically, only the front cover needs
to be removed for access to the
tubes.

- The tube bundles can be removed
for more involved cleaning.

l(,
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Alr System

=

Plasite
d Coating

- Interior of
Intercooler
shells is coated
with Plasite.

- Prevents
corrosion.

Tl

@ PROMINSER sAc

A\ ZFLLIOTT

CONMPRESSED AR

c o r p o r a t i o n






Alr System

Discharge
Expansion Joint

- Compensates for thermal growth.

- Allows for angular and lateral

movement.
ANGULAR

LATERAL

l(,
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Alr System

Inlet
Expansion
Joint
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Alr System

Discharge
Check Valve
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Alr System

Check Valve

- The check valve prevents the reversal of air flow
when the compressor is shut down.

- Requires periodic maintenance.

e

Tl
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Alr System

- Cools the air prior to entering
the plant air system.

- Requires maintenance.

Aftercooler

Tl
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Alr System

- Aftercooler is installed separately on larger air compressor models.
- Requires maintenance.

4 MOISTURE
VN COLLECTED
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Alr System

Unloading Valve

- Regulates discharge air
pressure.

- Unloads compressor during
surge.

l(,
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- Pneumatic valve.

- Normally open / Air to close.
- Sometimes equipped with positioner.
- Reqgulates discharge air pressure.

@ PROMINSER sA.c
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Alr System

Unloading Silencer

- Attenuates noise from
unloading valve.

- Vents air to atmosphere.

l(,
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Alr System

L6

Unloading Silencer

waee  Unloading Silencer

- On larger compressor models, must be
mounted in the field.

- Attenuates the noise from the unloading

Tl
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Corazon delCompresorCentrifugo FS-Elliott

» Aerodinamica
“State of the Art”
» Minimo numero de ||
partes en

movimiento
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“Caja Engranes(ExtremoAire)”

» Corte horizontal

+Engrane
Principal

+Pinones
+Chumaceras
+Sellos
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“EngranePrincipal y Pinones

» Calidad AGMA 13 =

» Tolerancias
cerradas

» Tipo simple
helicoidal

» Aleacion de acero
de calidad

@ PROMINSER saA.c.
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“Chumaceras

» Corte horizontal

» Chumaceras con 5
zapatas
basculantes

» Chumacera de
empuje




“*Chumacerasf=ngranePrincipal”

» Corte
horizontal

» Chumacera de
Manga

» Chumaceras
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“Sellosde Anillo de Carbori

» Corte horizontal

» Doble anillo de
carbon

» Amortiguamiento
de aire

» Baja perdida de

@ PROMINSER sA.c.
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“Ensamblede Rotof

» PiNoN (acero al
carbon calidad
aeronautica)

» Impulsores (17-
4PH SS)

» Balanceados
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“Impulsores

» INnclinacion hacia
atras

» Alta Eficiencia
= Prolon_gada




“Difusor”

» Disminuye
velocidad
» INCrementa presion

» Aletas fabricadas o
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INTERCAMBIADORES
DE
CALOR
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“Intercambiadores

» Tubo de agua
» Tubos rectos

» Removibles sin
perturbar tuberia
de aire

» Facil limpieza de
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“Intercambiadores

» Cubierta inferior
» Baja velocidad

» Separacion
efectiva

» Drenes en V
» Recubrimiento




“Intercambiadores

» Opciones en
Materiales

+ Cobre
« Admiralty

+ 90/10 CuNi
+ Ac. Inox.

c o r p o r a t i o n



SISTEMA
DE
LUBRICACION
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“SistemaAcelteLubricacion”

» Tanque de Aceite
» Bomba auxiliar | ..

VALVEIl

» Bomba principal | ..

LINE

» Flltro aceilte MAN
» Enfriador aceite

COOLER

RESERVOIR

CHECK
VALVE

@ PROMINSER sAc
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“TanquedeAcelté

» Cubierta amplia
» Facil acceso
» Indicador de

CONVIPRESSED AlIR
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“Bombaauxiliar deaceite

» Motor TEFC

» A plena
capacidad

» 30-35 psig

» Operacion plena

@ PROMINSER sA.C.
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“BombaPrincipal deAceite’

» Accionamiento e - l‘T
directo en flecha .

» Plena capacidad
» 30-35 psig
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“Filtros deAceité
P

» Filto sencillo (std)

» Filtro Dual o Duplex
filter (opcional)
» 10 micron
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“Enfriador deAceilté’

» Enfriador simple | | '1"' T
(std) R T

» Doble enfriador <
(opcional)

» TIpO tubos de agua

N '
i | .-
e
h

¥
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TABLERO
DE
CONTROL
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FS-Elliott Polaris Modelo P-300

Tablero de Control
Regulus

®" Arrancador de Motor
Integral

Control System

Air Compressor

= Display a color de 6” LCD

= Areas separadas para
i

circuitos AC y DC

’ " y Lo
= Opcional con cabina

acustica & @l‘.ln I I
e
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FS-Elliott Controls

“Panel de Control Industrial”
Regulus R-200 (basado en sistema PLC)

e Transmisores
montados
dentro del

panel de

P P
s



FS-Elliott Controls

Panel Industrial Regulus R-200

Proteccion / Monitoreo Alarma Disparo
Lectura
Temperatura del aire interetapas X X
X

Baja temp. aceite X X




Estatus Pantalla

ok PAP SHUTDOWMN ** S1E SRS 42104 5:04:13 PM

IMLET FILTER DPT
0.00 PSI LT AFTERCOOLER

LY / AIR DUT

MAT
51.17 AMPS g—”ﬂ‘ SPT
0.00 PSI
LIIIlIIIT 5 [ T = -
0.00 |BR | sz | R .00
MILS MILS
[oT
VT OIL TEMP
IAT 32.00 F
32.00 F
W T4~ OPT
DIL PRESSURE
. uy S S 19.53 PSI
INTERCOOLER, 1 INTERCODLER, 2
COOLANT T ;
COOLANT OUT — [PREV.

_____________________________________________________________ | SETPTS | HISTORY | DATA | OIL SYS
MODE | TEST CONFIG | UTILITY | STOP

/A ZFLLIOTT <A

CONVMPRESSED AR

cC o r p o m a t i o m

@ PROMINSER sAc




Pantalla 1 ajustes

SETPOINT SCREEN 1 |

Discharge Air Pressure SetPt.
100.000 PSI

System Air Pressure Low SetPt.
97.000 PSI

Minimum Motor Amps Setpoint

Maximum Motor Amps Setpoint
53.0 Amps

| SETPT. 2 | SETPT. 3 | SETPT. 4 | SETPT. 5

STATUS | | DATA OIL SYS

MODE | TEST | CONFIG |PREVIOUS| STOP
AE&[““‘T @ PROMINSER sA.c. CDMS:::\SED -




Pantalla Aceite

121703 8:57:54 AM

rlain il Pump

il Cooler
ORT =] —
84.56 4 e

il Pressure

44.4 PS5I | =——

T

ALy, Ol Electric Pump

il Filter

@E : M _|- Oil Coaler

Coolant In
Coolant Cut

| SETPTS HISTORY | DATA | UTILITY

| TEST | CONFIG PRE‘U’IOUS STOP
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Pantalla Modo Op.

CONTROL MODES START/STOP MODE

SUCTION THROTTLE MANUAL/MANUAL -

INLET VALVE 0 % UNLOADING VALVE 100 %

DRIVER DISCHARGE
LOAD SCECERARIES PRESSURE

STATUS | SETPTS HISTORY DATA | OIL 5YS
TEST | CONFIG | UTILITY PREVIOUS STOP

A\ ZFLLIOTT

101.01 PSI
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1:47:44 PM 1:48:17 PM 1:48:50 PM  1:49:24 PM

0/14/2004 9/14/2004 544488 9/14/2004 9/14/2004
T 7 o« B fa foa |

Current Time: 9/14/2004 1:49:24 PM TREND GRAPH 2
MAT 61.28 HVT 10.77 ORT 4830 %

70.03 27.40 o

mmmm
| TEST | CONFIG |PREVIOUS| STOP |

AE&[““‘T PROMINSER sac. comgln -
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W/NES 1101111

Air Compressor
Control Theory
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Control Systerrn

Tyoical Cornoressor Curye

Control Theory.

Control Modes

AE&[““‘T @ PROMINSER sA.c cwgﬁsen -
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Control Systern Functiors




PAP Air System

{::%—L}Dcv
AOP |—— 5

PLANT AIR
CHECK
mor[ ]| DRIVER VALVE SYSTEM
F | —
Icv =
STAGE -
STAGE
— "—"-""\\‘
RECEIVER
3RD
l STAGE =

] —

INTERCOOLER

SA

ooooooooooo
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Pressure (PSIG)

Power (HP)

150
145
140
135
130
125
120
115
110

G660
650
640
630
620
6510
600

4 Inlet Pressure
Discharge Pressure
1 S Speed
3 Barometer
Inlet Temp
‘ Rel. Hum.
1 Design Flow
Power

2000 2250 2500 2750 Joon

Flow (ICFM)

14.0 PSIA
125 PSIG
3567 RPH
14.2 P3IA
90F

60%

3000 ICFH
650 HP



Pressure (PSIG)

Power (HP)

150
145
140
135
130
125
120
115
110

G660
650
640
630
620
610
600

A

Inlet Pressure
Discharge Pressure
Speed

Barometer

Inlet Temp

Rel. Hum.

Design Flow

Power

2000

2250

2500

Flow (ICFM)

2750

3000

14.0 PSIA
125 P3IG

3567 RPH
14.2 PSIA
90F

60%

3000 ICFH
650 HP



600 1

v
]
-
w

(dH) 1emod

10

mw_mn:

2500 2750 3000
Flow (ICFM)

2250

2000




Controlled Compressor
Ambient Temperature Change

Winter

- High Density.




Base Mode Control

—
[ %]
[—]

Unloading Yalve

Opens or closes to maintain
the discharge air pressure
at point A

—
=
=
o)

—
=
[— ]

—
[ L]
(5]

125 1
120

Pressure (PSIG)

115 1
110 +

Inlet Yalve
Opens or closes to maintain
the motor amperage at point A

AE&““’TT @ PROMINSER sA.c GOMSZ:\SEDA.R
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Suction Throttle Control

Pressure (PSIG)




150 1

Pressure (PSIG)

145 1
140 1
135 1
130 1

125 1
120 -

115 o

A\ ZFLLIOTT

Adaptive Increment Control

HAX Amps Setpoint

\.

HIN Amps Setpoint

CONVIPRESSED AlIR
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Intermittent Mode

150 1
145 1 S

140 1

HAX Amps Setpoint
135 1

130 1

125 1
120 -

Pressure (PSIG)

115 1

Low System
Pressure Setpoint

@ PROMINSER sAc
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150 1

Pressure (PSIG)

115 1

A\ ZFLLIOTT

145 1
140 1
135 1
130 1

125 1
120 -

110

Auto Dual Mode

HIN Amps Setpoint

Low System
Pressure Setpoint

c o r p o r a t i o M



FS-Elliott...
y un futuro cercano
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Electra “Oll-Free”
Compresor con motor mtegral

Objectivos

e Compresor centrifugo libre
de aceite

 Chumaceras magneticas
* Fuente de alimentacion

ED AR
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Electra “Oll-Free”
Compresor con motor integral




FS-Elliott Electra “Oll-Free”
Compresor con motor integral

e 2010 presentacion al mercado

» Verdaderamente “libre de
aceite” / diseno con menos
aceite

— Sin aceite en ductos de aire
— Sin aceite en carcaza —




Electra “Oll-Free”
Compresor con motor integral

*Diseno compacto

®Cabina para recuccion de ruido

@ PROMINSER sa.c.
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Comparacion de Compresor
Centrifugo de Aire FS-Elliott con
Compresor de tornillo seco

Aﬁﬁluﬂ]’]‘ @ PROMINSER sAC.



FS-Elliott Centrifugo Vs. Tornillo
Seco

“simplemente elegante por disefio...”




FS-Elliott Centrifugo Vs. Tornillo
Seco

“diseno complicado!”

@ PROMINSER sAc
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FS-Elliott Centrifugo Vs. Tornillo
Seco

 Simple *Complicado

A\ ZFLLIOTT




Comparacion

« Comparemos lo basico
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Comparacion

= Centrifugo = Tornillo seco
— Poco mantenimiento — Reemplazo cabezal
. compresion
— Facil acceso - P
. — Dificil acceso
— Mntto. En sitio

— Mntto. en fabrica
— Larga vida rotor — Corta vida rotor

Aﬁﬁluﬂ]’]‘ @ PROMINSER s.A.c




Comparacion

e Comparemos los
detalles
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FS-Elliott Centrifugo Vs. Tornillo Seco

FS-Elliott Centrifugo

Tornillo rotatorio seco

Pinones/ |2 Pinones 4 Rotores

Rotores Larga vida (ilimitada) Vida esperada — 40,000 Hrs
Costo reemplazo aprox
Sesenta porciento (60 %)

Grado AGMA 13 AGMA 11012

Engrane

Engranes

3 Engranes, diseno

7 engranes, diseno




FS-Elliott Centrifugo Vs. Tornillo Seco

FS-Elliott Centrifugo

Tornillo rotatorio seco

Material Impulsor 17-4 ph SS | Acero forjado o al carbon
Rotor

Recubrimien | No requiere Si, para alcanzar claros
toRotor criticos

Intercambiad
or

2 inter & 1 post
enfriamiento

1 inter & 1 post
enfriamiento




FS-Elliott Centrifugo Vs. Tornillo
Seco

Conclusion

A\ ZFLLIOTT




Accesorios vy Auxiliares
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Secadores de Aire

e Tipos de Secadores.

— Refrigerativos

e Punto de Rocio 3 deg. C
» Gas refrigerante (R-22, R-134...)

Aﬁﬁluﬂ]’]‘ @ PROMINSER sAC.




El porque de los secadores

Moist air

=

Refrigerant dryer Compressed air system

Dry air '_'

AAA

150 litres 70 litres
water/ d
rias water/day

A compressor that delivers 200 litres of air per second, also supplies approx. 240 litres of water per day if
working with air at 20°C. To avoid problems and disturbances due to water precipitation in the pipes and
connected equipment the compressed air must be dried. This takes place in an aftercooler and drying
equipment as set out in the figure.

Aﬁﬁluﬂ]’]‘- @ PROMINSER sa.c.




Filtros de Aire

e Tipos de filtros

— Coalescentes

e Grado 11 a Grado 6
— Humedad y Particulas



Tanques Pulmon

5:1 |

Consumer 1

=>
Air receiver
— Refrigerant
Compressor . dryer

Oil filter Dust filter Consumer 2
@—M ﬁ = ﬁ =>
Consumer 3

=>
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