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THE MAIN PURPOSE OF THIS PRESENTATION:

Describe the procedures necessary to set up and use

Cmap 2.0 for compressor performance prediction
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1. What is CMAP?

A software designed to evaluate centrifugal compressors
performance

Allows some additional tasks useful to compare centrifugal

compressor expected performances with field data
measured ones

= Easy and intuitive, provide automatic storage
of data in a project archives




Steps:

Cmap User guide

1 . Insert CD into your PC

4. Insert USB license key provided
with CD

2. Open Cmap folder and
click on Setup Icon

5. Wait until key drivers are installed
into PC (may require internet connection)

and install Cmap Software

3. Follow setup instructions [
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3. Cmap 2.0 structure

Cmap 2.0 is structured according to different levels:

Project 5,

* isthe highest level

* includes the information about customer, site, etc

* one or more machines can be assigned

Machine M.

* s driven by the same driver
 Could be a centrifugal compressor single phase or multiphase

* Or also a compression train with more centrifugal compressors



Phase [

* is the section of machine between suction and discharge connection
3 type: Simple or Side Stream or Intercooler
* Includes one or more stages

Stage 1L

* is the section of centrifugal compressor wich contains the impeller

Curve @

* s acouple of reference performance maps to configure the stage

Mix -
 |sthe lowest level

e To create the gas mixture
* Will be assigned to a Curve
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@ 1pC Cmap 20

Command bar

REW  NEW HNEW  NEW NEW NEW  NEW
MACHINE PHASE STAGE CURVE MIX

mome  PERFORMAMNCE  REPORT  HELP e"’
THE XL iRre DO® B

SAVE SAVE
al

IMPORT EXPORT  SETTIMGS

Ribbon bar

Project Tree View

Work Area

Unassigned object

N

Communication bar
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5. Centrifugal compressor configuration
The Input process in Cmap is made of the following steps:

1 Creation of a project

2 Inside a project, configuration a machine and lower levels (phase,
stage, curve, mix)

3 Performance calculations and analysis

Now we are going to show all the steps of a tutorial project from
the creation of machine until gas mixture and then Cmap
calculations through Performance Analysis.




Tutorial Datasheet
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TUTORIAL CENTRIFUGAL COMPRESSOR - MAPS

Performance maps:
Py Vs Q;
T, vs Q

Reference inlet
conditions
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DESIGN CURVES
LD n,= 6325 rpm
¥ o Te— n, = E4E5 rpm
F_ =t
& n, = 5350 rpm
g = | ----"‘--
¥ ng = 5200 rpm
. L Ny
& ‘—_A\\ ng = 4550 rpm
- -
f_'c - _-2*‘\_ .
o n} n.. |
- H.l:?d'd'[m'.l'-hf o
130 n,= 6825 rpm
T ‘\\ ny = 485 rpm
:‘:- \\ n, = 5250 rpm
]
§ n, = 5200 rpm
2
E ng = 4550 rpm
E h.nq.hh &
3 o~
\\ my
ni
2000 3000 2000 000 S000 b <000
FLOW [m3,]
DESIGH THLET CONDITIONS
Fas mix composition Q:=5613 m3/h
pr=40,2 bar-a pz =735 bar-a
Methane [CHA 80 %
prEthanr;E EEHHE ) 1% Ti=50°C T2=107 °C
opane L%
he Muw = 19,55 g/mol N = 5850 rpm

Operating point
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Ymarise

2Ee®

NEW  NEW NEW NEW NEW NEW SAVE SAVE IMPORT EXPORT | SETTINGS
PROJECT MACHINE PHASE STAGE CURVE MIX ALL
MNew Open SETTINGS
Database tree view ~ R || Tutorial Project X | ~ |Unassigned Machines -1

| - ‘Q Visualizer | - |Q
3 lE Tutorial Project.prj | i —
-

Tuterial Project

Name

dsagowll giolji

saudi aramco

NEW MACHINE —s> -

UPDATED ON

CREATED ON

SAVE CANCEL
Unassigned Machines | All Projects

AREA INFO: Name, Version, Site, Notes, Customer, Job Number, Plant, Service, Logo
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Home PERFORMANCE

Dmﬁﬂiﬂjﬁc PEm®m

NEW NEW NEW SAVE SAVE IMPORT EXPORT | SETTINGS
PROJECT MACHINE PHASE STAGE CURVE MIX ALL

New Open SETTINGS
Database tree view * 1 Tutorial Project Tutorial machine X 5 Unassigned Phases * 1
| “la “la

WUET ERIGE Visualizer  Performance

- m Tutorial Project.prj

[ | EE Tutorial machine.mac | ‘:5) MACHINE INFO

OEMPO|

Name |Tutoria| machine | Configuraticn | |

Tag / ltem | | Motes | |

Description | | Service | |

fModel Type | | Plant | |
CEM | | L0GO..

NEW PHASE \ ORI

"_
=K

NAME CREATED ON UPDATED ON

SAVE CANCEL
Unassigned Phases | All Projects

AREA INFO: Name, Version, Site, Notes, description, Job Number
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5.3 Creation of Phase: Tutorial phase

€ 1pC cmap 20

Home = PERFORMANCE  HELP
SAVE SAVE IMPORT EXPORT | SETTINGS
= |Unassigned Stages - 1

NEW  NEW NEW NEW NEW NEW NEW SA A
PROJECT MACHINE PHASE STAGE CURVE MIX ALL
"]

Tutorial phase X

Tuterial machine

~ B || Tutorial Project

Database tree view
SRS visualizer
el m Tutoerial Project.prj —

A _D! Tuterial machine.mac
; h Tutorial phase.pha

Phase : How To

Information on how to edit side stream and intercoolers

Phase N
e NAME | Tutorial phase (
erties in performance calculation setup.

Prese Type Side Stream and Intercooler types

/':,_< NOT YET IMPLEMENTED
/ Side Stream I
) h

\\Inter(ooler /
NEW STAGE \;_
Nh B X%

NAME

Unassigned Stages | All Projects

CANCEL

AREA INFO: Name and Type
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Home PERFORMANCE

D@Mﬁjﬁic 2Em®m

NEW NEW NEW NEW NEW SAVE SAVE IMPORT EXPORT | SETTINGS
PROJECT MACHINE PHASE STAGE CURVE MIX ALL
New Open SETTINGS
Database tree view ~ ® | | Tutorial Project | Tutorial machine | Tutorial phase | Tutorial Stage X T |All Curves -1
| - |Q CharacteristicCurve ¥

4 m Tutorial Project.prj
- _n Tutorial machine.mac
- hTuton’alphase.pha

NEW CURVE

Stage Name Tutorial Stage

Impeller Diameter 600

mm -

% Volumetric Efficiency {100

% Mechanical Efficiency

CHARACTERISTIC CURVES

NAME CRNATED ON UPDATED ON

SAVE CANCEL
U igned Curves | All Curves

Communication Bar

AREA INFO: impeller diameter , volumetric and mechanical efficiency
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5.5 Creation of Curve: Tutorial curves

2 ways to upload reference maps: Map or Numerical Digitization

#E IPC Cmap 20 - ® x
Home PERFORMANCE HELP
O . n ﬁ_ B L ¢ BOoR f
NEW  NEW MNEW MNEW  NEW SAVE IMPORT SETTINGS
PRO JECT MACHINE PHAS E STA E -C R\uE MIX
Tutorial Curve X 5 |Unassigned Mixes - 0

Database tree view S Tutorial Project Tutorial machine

- @ Tutorial Project.prj
A _‘D_ Tuterial machine.mac Curve Name Totor

- utorial (ffve

4 |y Tutorial phase.pha =

4 _?_ Tuterial Stage.sta

t{‘?s Tutorial curve.ccrv

Map Digitization| |Numerica| Digitization

From Tutorial Compressor Datasheet, the available performance maps to set

centrifugal compressor in Cmap are:
- Map 1 =>» Discharge Pressure (p,) vs Suction Volume Flow (Q,)
- Map 2 =>» Discharge Temperature (T,) vs Suction Volume Flow (Q,)
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DIGITIZATION-MAP

(LETIN Mapll

1. Click here to upload the 15t Map

BOUNDRIES

PoinkPerCuwe:I:E
Origin:| 2000 |x 40 v -
S
KMax: %000 x40y
1100 -
vmax:| 2000 |x[ 10 |y K
H
. 100 "'\:,\ n,=6825 rpm
= """"l-..__ \ _
¥ P2 * bara A : 90 \ -.‘-\" nz-BQSSrpm
- ] \ ~ b
X: Q ~  m*3/h - g s \ — \ \ n; = 5850 rpm
g \ A A \ 5200
= rpm
- N S U N
Curve Speed / Mach Nurmper 3 \ n; ns; = 4550rpm
= n,
TYPE |xwu YVAL | =0 ns
Origin 2000 10 \
XMax Q000 40 40 ()
Yhday 2000 110 2000 3000 4000 5 6000 7000 8000
q . FLOW [m3/h]
2. Fill the fields as the

map indicates

3. Digitize Origin, Y Max and X Max points | —




DIGITIZATION-MAP

Cmap User

guide

Mapll

BOUNDRIES

5. Digitize N points per curve as previously set
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Origin: 2000 ¥ ¥ :
° Lono ene . m)t oo ssTromT 6. Repeat point 4. and 5.
X Max: 9000y ¥ 3 0n0
prvmy \ for each curve to digitize, N
¥Max: 2000y K \
—
100 \ at least 3 curves per map
E " \ HH\\‘ n,= 6485rpm
e *  m*ih - § " k.‘-— \ \ I'I5=5850rpm
w -—-"“ll
g \ \ \\ \ n, = 5200rpm
CURVE AND DATA POINTS 70 - n,
w -
Curve Speed / Mach Number 3 ny ng = 4550 rpm
4550 é 60 Ca S L]
]
(=] E\\
TYPE KVAL YWAL \ s0 ns "‘
Crigin 2000 40
KMax Q000 40 40 (} ()
YMax 2000 110 2000 3000 4000 5000 6000 7000 8000 9000
4550 2837.07025411061  62.1150420289855 FLOW [m3/h]
4550 3207 45889387145 61.304347826087
4550 3T78.77428998305 59.2753623188406
4550 |427809955156951  |3643478cnDRG9ST b b
4. Input the 1%t speed
oK CAMNCEL

number of 15t curve

to digitize




DIGITIZATION-MAP

m Mapll

BOUNDRIES

Points Per Curve :

STEP INFO

Cmap User guide

In STEP INFO you can find a guide to help you during digitization.
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First map digitisation is valid and in partially complete state. You can continue adding new curves or alternatively can move to second map digitisation,

Crigin: 2000 Y I
LOAD MAP IMAGE... CLEAR ALL UNDO LAST POINT
X Max: 9000 Y
Y Max : 2000 Y 110('} ;
100 = N
K _-“
Vi P2 -~ bara - z 90 T~ \9\
! "\. Ty
X: Q - mAh v . G-.-‘:G\ \
@ TN
£ W,
']
Curve Speed / Mach Mumber E \ N "
| | é 60 e"ﬁs& s n,
NGNO n,
TYPE | XVAL | YVAL | ns
Crigin 2000 40 ~
XMax Q000 40 I 40 0
Max 2000 110 2 3000 4000 5000 6000 7000 8000 9000
4550 2837.07025411061  62.1150420289855 FLOW [m3/h]
4550 3297.45880387145  61304347826087
45m 3 TTA (ol EOOTEOSI1 00 A0S
=0 After digitized the Mapl it is possible to digitize the Mapill

through the same above procedure

n,=6825rpm
n; = 6485 rpm
n; = 5850 rpm
n, = 5200rpm

ns = 4550 rpm

oK

CANCEL

»
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For the 2" map, repeat the steps from 1 to 3 m

Cmap User guide

DIGITIZATION-MAP

Mapl
. . . nd
— Green line help you to pick the points of 2" map
. . . St
oo, ; e s simenns 55| AL FlOW points fixed in the 15t map for each speed
oign:| 20 |x| 8 |y number previously digitized
LOAD MAP IMAGE... CLEAR ALL
KMax: 2000y 80 ¥
. : 160 @ - - -
YMax: 2000 x 180y
150 n,=6825rpm
vy 140 \.___ / n, = 6485 rpm
Y T2 ¥ | Celsius A |
= 130 ns = 5850rpm
X: Q v | mA3/m - E \
L =
g 120 (N n, = 5200 rpm
CURVE AND DATA POINTS & \&\ \ N ™
- ng = 4550 rpm
Curve Speed / Mach Number E 110 | [ [ [ | n, |
=
3 . . ! , ,
2 100 n,
TYPE XVAL YVAL a0 | ~.
Origin 2000 80 ns Ny
XMax 9000 20 g0 (® D
YMax 2000 160 2000 3000 4000 5000 6000 7000 2000 Q000
4550 2837.07025411061 02.5073746312684 ROW [m3/W]
4550 3207.458809387145 £89.6755162241588
4350 3778.77428998505 86.6076695165192
4550 4238.69935156951 B84.2477876106195

CANCEL

After digitization of the curves, it need to input the reference
inlet condition: pressure (p1), temperature (T1) and gas mixture
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Cmap

#E IPC Cmap 2.0 - ® x

Home PERFORMANCE HELP

NEW  NEW NEW NEW NEW NEW NEW SAVE SAVE IMPORT EXPORT | SETTINGS
PROJECT MACHINE PHASE STAGE CURVE MIX ALL

Database tree view ~ I || Tutorial Project Tuterial machine Tutorial phase Tutorial Stage Tuterial Curve X 5 |Unassigned Mixes

o 1

Lo F

d

| e Todoeal MY wns

- Tutorial Project.prj

4 Jl Tutorial machine.mac
4 h Tutorial phase.pha
el j_ Tutorial Stage.sta

iﬁ Tutorial curve.ccrv

Curve Name Tutorial Curve

8.a Click New Mix to create a new gas mixture

OTHER INFO

to assign to Curve
Inlet Pressure [ 455 —
Inlet Temperature |54

A i Tutorial MIX . | Open Mix || NEWMX/
A S

Celsius
T~

| 8.b Select a Mix previously created from Cmap
i Database to assign to Curve

7. Fill design/reference inlet conditions: | ¢ — i
p1=40,2 bara t1= 50°C e

Q[m*3/h]

| Save | | Cancel |

Unassigned Mixes | All Curves

Communication Bar
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€ 1pC Cmap 2.0

Home & PERFORMANCE  HELP
- @ N% e % @ b Click here tol;:ide CURVE INFO and visualize CURVE GRAPHS
PROJECT MACHINE PHASE STAGE CURVE MIX
Database tree view - M |Tuloria| P}J/ect |Tutoria| mac:lill'lle |Tutoria| ph;;am ul Tutorial Stage |Tutoria| Curve X | 5 |Unassigned Mixes > h
l v @ Tutorial MIX.mix .

- |Q _
4 - 3 -
m Tutorial Project.prj N
el _D! Tutorial machine.mac 5) CURVE GRAPHS

4 ‘m' Tuterial phase.pha
4 j_ Tutorial Stage.sta
@ Tutorial curve.ccre
T~

100 H\\,\ 140 ~

N

|Map Digitization| [Numerical Digitization|

B w120
: ~ \ z T N
§. 80 ~— &
100 N
\ — 4350 — 4550
- — 5850 [~ — 5350
60 6825 \ — 6825
S~ ~
3000 4000 5000 000 7000 3000 4000 5000 6000 7000
Q[m*3/h] Q[m*3/h]
N
Unassigned Mixes | All Curves

Save | | Cancel

_ Graphs of digitized Curves —
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€ 1pC Cmap 20 - B x
Home | PERFORMANCE /
D m p)] ﬂ LRhRe BEBR S
NEW NEW NEW NEW NEW | SAVE SAVE IMPORT EXPORT | SEfTINGS
PROJECT MACHINE PHASE STAGE CURVE WX ALL
New Open ETTINGS
Database tree view ~ ® || Tutorial Project | Tutorial machine | Tutogfiphase | Tutorial Stage | Tutorial Curve X 5 |Unassigned Mixes -1
[ “la “la

(®) CURVEINFO

4 m Tutoerial Project.prj
- _D! Tuterial machine.mac
A h Tuterial phase.pha
4 j_ Tutorial Stage.sta

@ Tutorial curve.ccry (~) CURVE GRAPHS

Curve Name |Tutorial Curve / |

®
I\

[Map Digitization| [Numerical Digitization|

| Save | | Cancel |
Unassigned Mixes | All Curves
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Cmap

T2 [Celsius]

DIGITIZATION-NUMERIC - 0O % . .
[CE— N L. Fill the fields to
0.5 .
v: p2 v bara - set X and Y axis
X: Q + | m*3h - / for 1t and Z“d
/
— | 2P
.-
Y| T2 ¥ | Celsius -
x1e Ttk T 2. How many
— 4550 — .
05 | | | | | / points to
.04 .02 . [m(‘)" . 02 04 Points Per Curve 5 H di g itize?
Curve Speed / Mach Number 4550 N
e \
o L \ 3. Input 15t
= speed number of
MO. X ¥ MAP1 ¥ MAP2 m a pS
1 0 0 a
07 2 0 0 ]
3 0 0 0 N i
4 0 0 0 \ 4. Click ADD to
csw | L ’ ’ ’ enter values at
R 0 : e o current speed
Q[m”*3/h]
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BOUNDRIES 5. Double Click in

Points Per Curve ‘E th e bOX an d
Curve Speed / Mach Number enter the Value

ADD | | CLEAR ALL | |IIEHIEHI|.HPS
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7. Click REFRESH MAPS
to visualize as the curves are building

DIGITIZATION-NUMERIC

Paints Per Curve \ 5 =

3500
Qlm~3/h]
Curve Speed / Mach Number 435

o ()

S

T2 [Celsius]

oo
(%3]

3500
Q[m*3/h]




8. Input 2" speed number of maps and

repeat the steps from 4 to 6

BOUNDRIES

Points Per Curve

Curve Speed / Mach Number N 3850

\ 5

QETTTre——

Cmap User guide ()I PC
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BOUNDRIES

Points Per Curve

Curve Speed / Mach Mumber

IR

| el 5200 4550

9. You need at least 3 curves to
set correctly a centrifugal
compressor, then it’s possible
to save the MAPS clicking OK
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5.6 Creation of gas mix: Tutorial Mix

1. Edit Mix name
Tutorial mix X
Tutorial mix Mix Molecular Weight [kg/kmol] 12.22

Mix Mame

GAS Compositions

Gas  Methane-CH4 v b Aiar e T m pmm i e L o b o
Viix-Gas Compositions
olecular Weight - kg/kmol 19.043

Critical Temperature - k 190.58

2. Select a gas compound _‘ —
Critical Pressure - bar |79~
Critical Volume - m3/mal 008

| 3. Edit the Mole %

Acentric Factor- m3/mal |V~ . _ I
Viethane-CH4 Unassigned

Mole % [0 /

GAS M\ MOLE %
Methane-CH4 16.043 . . g0
4. Click ADD to confirm

Unassigned-[NA] 0 20

5. Repeat points 24 for each compound of mixture until 100%

SAVE CANCEL

After the creation of mix it is possible to Save all objects:
Mix, Curve, Stage, Phase, Machine, Project
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6. Performance evaluation

In order to execute a compressor performance
prediction, it's necessary:

1. Define a gas mix (as seenin 5.6)

2. Launch the calculation tool

These steps will be shown in the next slides

I TRIAL PLANTS CONSULTANTS
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Home PERFORMANCE \
o m Mﬂjﬁ;@e =N 3 ) SJJ,L

NEW  NEW NEW NEW SAVE IMPORT EXPORT

PROJEC[ MACHINE PHASE STAGE CURVE MIX
pen SETTINGS

Unassigned Phases

New
Database tree view * || Tutorial machine X | g

"
|Q Machine Info  Visualizer
4 B Tutorial Project.prj

b E Tutorial machinemac (A) PERFORMANCES
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1. Edit the name of 4. Define EOS to calculate 5. Input one or
the performance the performance | more custom RPM

.r’._ PERFOURMIAINLCE SCIUE . 10U IOMIAL VAN

MACHIME INFO INLET CONDITIONS INPUT SPEEDS
|| Machine P1 402 bar a Speed [REM] ADD | | DELETE
| Tutorial machine
l " = o | o
{| Performance ; =300

design performance Mix  Tutorial MIX - . a5
EQS: LEE-KESLER - 3 B485

EQS: LEE-KESLER -

D ‘ NAME ‘ PHASE KIND ACTIV
1 Tutorial phase Simple 3. Input inlet condition :
\ inlet pressure (P1)
2. Define ADIM EOS to inlet temperature (T1)
model (nondimensional) the gas mixture (mix)
compressor

6. Click RUN ANALYSIS to
calculate new performance \\

CAMCEL




Cmap User guide I PC

ADIM EOS

This EOS is linked to design mix

if design mix is a Hydrocarbon mixture you have to select
LeeKesler or Peng Robinson EOS.
if design mix is Freon R134a you have to select R134a EOS

EOS (INLET CONDITION)

This EOS is linked to off design mix.

if off design mix is a Hydrocarbon mixture you have to select
LeeKesler or Peng Robinson EOS

if off design mix is Freon R134a, the software selects
automatically R134a EOS
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Cmop

6.2 Performance section

€ 1PC Cmap 2.0

- B x
Home PERFORMANCE HELP
NEW NEW NEW MNEW NEW NEW NEW SAVE SAVE IMPORT EXPORT | SETTINGS
PROJECT MACHINE PHASE STAGE CURVE MIX ALL
Database tree view >~ Tutorial machine X ¥ |Unassigned Phases 0
|| Machine Info Visualizer NEEsisliEl ey -
4 ETutorial Project.prj —
- nTutorialmachine.mac @ PERFORMANCES -
- Jh]_TutoriaI phase.pha
4 Tutorial Stagesta NAME TVPE MIX P1 T PLOT COLOR (vew ]
2 Tutorial :
[ Tutorial curve.cerv design performa  Reference Tutorial MIX ~ 40,20000076 50 [ Celsius ] I Green B powy
DELETE

- OPEN /‘
- DELETE /

- PLOT
- CLEAR

LréT' CANCEL

Unassigned Phases | All Curves

Communicaticn Bar

PERFORMANMCE A

Through OPEN button you can open the PERFORMANCE ANALYSIS (see 7.) for selected performance
Through DELETE button you can delete the selected performance from database
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2 [Celsi

5000 5500 000
Q1 [m*3/h]

6000
Q1 [m*3/h]

4000 4500 5000 5500 4000 4500 5000 5500 6000
Ql [m*3/h] 01 ImA3/h1
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7. Peformance Analysis

For each calculation developed, Cmap can provide a detailed analysis. The analysis
tool allows to:

* make a detailed performance analysis, comparing real measured values with
expected ones (from calculation)

* Check all compressor operative parameters in the considered specific inlet
conditions for the calculation

e IPC Cmap 2.0

Home PERFORMANCE HELP

: o E A
To perform this task, M E‘ Ji b‘ bt 28 lwﬁ

E E EW EW
PROJECT MACHINE PHASE STAGE CURVE MIX

select the performance o=ser=ver = 3 | Tuora macnne. X

Machine Info  Visualizer
- @ Tutorial Project.prj

Cu rve a nd Click Open _n__Tutoria\ machine.mac

d b I I . k NAME TYPE MIX P m PLOT COLOR NEW
O r o u e C I C design performa Reference Tutorial MIX 40,20000076 50 [ Celsius ] l:‘ - Green B OPEN
DELETE

PLOT

CLEAR
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After the analysis command, the Analysis setup form will be opened:

Select to visualize different Select different units
performance curves for X and Y axis

1. Select speed

— L

Speed : 5200

P 40.2 bar 3 X Unit: m*3/s ¥ YUnit: Pa

3. Select Reference || -

* 1
Measurement®) 7000000 1 —~—
£ T~
B\_l 6500000 H-HH"'&,_\_\_
2. Input data T~
™ T
from field e00004 _ ~
0.9 1 1,1 1,2 1,3 1,4 1,5
Q1 [mA3/s]
4. SOLVE to
Sta rt Ca I cu I atlo n NO COLOR MODE Q1 MEAS Q1 EXP AQT % P2 MEAS P2 EXP AP2 % T2 MEAS T2 EXP AT2 % HP MEAS HP EXP AHP % ETAP MEAS ETA

(JReference Measurement: the software offers the possibility to use as reference value Q.. OF Prmeas OF Tomeas

* if Qyeqa= Ref =@ Q; will be used to extract the expected values of p,, T,, H,, Eta,and P,
*  if Pymeas = Ref = p, will be used to extract the expected value of Q,,,,; then expected values of T,, H,,

Eta, and P, will be calculated from Q,,,
* if T)eas = Ref = T, will be used to extract the expected value of Q,,,, then expected values of p,, H,,

Eta, and P, will be calculated from Q,,,
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Example for Design case:
Gas mixture = Tutorial (M, = 19,55 kg/kmol)

p,=40,2 bara T,=50°C

n =5850 rpm (Q, as reference measurement)

@

Speed : 5850
T2 H EtaP  Pw
. xun:[wam = | vuems
T _
Mix 80 T
= T
5 e
Qi [s613 mA3/h & \~._
- -H""'\-\..
- 70 ~—_
pai 735 bar a T
~—
T2i 107 Celsi H“‘MHH
ow o A . | T IToT T T[T T [T [ e T —
w0 kW 3800 4000 4200 4400 4800 4800 5000 5200 5400 5600 5800 6000 6200 6400
Q1 [m™3/h]
SOLVE
M COLOR MODE Q1 MEAS Q1 EXP AQ1 % P2 MEAS P2 EXP AP2 % T2 MEAS T2 EXP AT2 % HP MEAS HP EXP AHP % | ETAP MEAS ETAPEXP | AETAP % PW MEAS
. a1 u 5613 m*3/h 735bara |7346bara 0.08 107 Celsius | 107.35 Celsius | 0.32 §3333.48 J/kg 83309.06 J/kg 0.03 0.717 0.711 0.84

Q, =5613 m3/h
p, = 73,5 bara
T,=107 °C

1

The results are listed in this Area: there are both measured values
(from field or datasheet) and expected values from Cmap
calculations (p,, T,, H,, Eta, and P,,) and also the deviations
between them (deviations are very low for all performances).
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MANCE ANA

XUnit: m*3/h v |\"Unit: | bar a

Mix Tutorial MIX

i |5613

|?3.5

Tai

—
4600 4800 5000
Q1 [m*3/h]

Pw|0

RESULTS

COLOR Q1 MEAS P2 MEAS T2 MEAS | T2 EXP HP MEAS HP EXP

. 5613 m*3/h 735 bara 107 Celsius | 107.35 Celsius 83332.48 J/kg 83300.06 J/kg

. 5613 m*3/h | 5608.35 m"3/h 735bara 107 Celsius | 107.28 Celsius 83333.48 J/kg 83395.26 J/kg
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PERFO IMANCE ANALYSIS - MACH NE : TUTORIAL MACHINE

Speed: 5850 -
INLET CONDITIONS T2 Hp EwP Pw
P1 40.2 bar a - ¥ Unit: | m*3/h * YUnit: bara -
m 50 Celsius ~
Mix Tutorial MIX 80
MEASURE VALUE AND REF E i
i 704
. S -
Tai 107 Celsius - y 1
Pus L B e e B B B B L s B R L B B B L L B
I:l kW v 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400
Q1 [m*3/h]
DELETE
RESULTS
NO | COLOR | MODE | | Q1 MEAS | Q1EXP | AQ1% | P2 MEAS | P2 EXP | AP2 % | T2 MEAS | T2 EXP | AT2% | HP MEAS | HP EXP | AHP % | ETAP MEAS | ETAP EXP | AETAP % | P
1 . [#1] o 5613 m*3/h 735bara 7346 bara 0.06 107 Celsius | 107.35 Celsius | 0.32 83333.48 J/kg 83309.06 Jkg 0.03 0717 0711 0.84
2 Pressure Q 5613 m*3/h 5808.35 m"3/h 0.08 73.5 bar a 107 Celsius  107.38 Celsius 0.36 8333348 Vkg 83395.26 J/kg 0.07 0.717 0.711 0.8
3 . Temperature o 5613 m*3/h 5655.55 m™3/h 0.75 735bara 73.05 bara 0.61 107 Celsius 8333348 Vkg 82509.08 )/kg 1 0717 0.708 1.26
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3as mix composition p1=38 bar-a Q1 =5613 m3/h
Meﬂaneiti:ll-l_ﬂl 80 % Te=52°C pz = 66,6 bar-a
Ethane | 0% Mw = 18,85 g/mol Tz=107 °C

M = 5850 rpm

»"_ PERFORMANCE SETUP : TUTORIAL MACHINE

MACHINE INFO INLET CONDITIONS INPUT SPEEDS

Machine 3 Speed [RPM] ADD | | DELETE

Tuterial machine

Performance

ADIM EOS EQS: LEE-KESLER v

PHASE DETAILS

o e ewstaw | s
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A |‘\"Un|'t: | bar a

ati |5613

p2i |66.ﬁ

T2i |1u?

Pw |0 |k‘W

SOLVE DELETE

5000
Q1 [m*3/h]

NO

Q1 MEAS

P2 MEAS

P2 EXP

T2 MEAS

T2 EXP

HP MEAS

HP EXP

Qi

5613 m*3/h

66,6 bara

66,6 bara

107 Celsius

10717 Celsius

81591.84 Jkg

81630 J'kg




INLET CONDITIO

P1

T

e -

off design mix
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Q1 MEAS

P2 MEAS

P2 EXP

T2 MEAS

T2 EXP

5000
Q1 [m*3/h]

HP MEAS

HP EXP

5613 m*3/h

66.6 bar a

66.6 bar a

107 Celsius

10717 Celsius

8159184 J/kg

81630 Jikg

5613 m*3/h

5613.55 m*3/h

66,6 bar a

107 Celsius

10717 Celsius

81591.84 J/kg

81619.7 Iikg
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PER-ORMANCE ANALYSIS - MACHINE : TUTORIAL MACHINE

Speed: 5850 -

IMLET CONDITIONS T2 Hp EtaP Pw
— — — —

P1 38 bar a - XUnit: ¥ Unit: | bara -
m 32 Celsius =

754
Mix off design mix E
=707
MEASURE VALUE AND REF . b
s ]
]
60 -

L L B R B LA L L R L B L B A B T L L B L R L B L
I:l M 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200
Q1 [m*3/n]

NO | COLOR | MODE | | Q1 MEAS | QIEXP | AQ1% | P2 MEAS | P2 EXP | AP2 % | T2 MEAS | T2 EXP | AT2 % | HP MEAS HP EXP | AHP % | ETAP MEAS | ETAPEXP | AETAP %% | Pw
1 . Qi o 5613 m*3/h 666bara 666bara 001 107 Celsius | 107.17 Celsius 0.16 81591.84 )/kg 81630 )/kg 005 0707 0.705 033
2 . Pressure o 5613 m*3/h 36135353 m"3/h 0.01 66.6 bar a 107 Celsius | 107.17 Celsius 013 £81591.84 )/kg 816197 J/kg 003 0707 0.705 033
3 . Temperature 0 5613 m*3/h 5633.88 m*3/h 037 666 bara 6643 bara 0.25 107 Celsius £81591.84 J/kg 81236.39 J/kg 044 0707 0.704 033 I

Cmap provides the performance calculations in every offdesign inlet conditions.
The results show negligible deviations.
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S

—
6000
Q1 [m*3/h]
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* IPC Cmap 2.0

e

Home l PERFORMANCE HELP

o ke 2D s i
NEW MNEW MEW NEW NEW NEW NEW SAVE SAVE IMPORT EXPORT | SETTINGS
PROJECT MACHINE PHASE STAGE CURVE MIX ALL

New Open SETTINGS

Database tree view * 1 Tutorial machine X | All Phases
- v

| |Q Machine Info Performance \ Ii—l

&J’L Tutorial phase.pha

4 [ Tutorial Project.prj
4 n Tutorial machine.mac
3 Jh. Tutorial phase.pha

4

—— Tutorial Stage

Impeller Diameter 600 "1"
Status oK

Status Message Configured
9 LU igned Phases | All Phases

Associated Mix Tutorial MIX
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EXPORT (1)
The active object in main window
will be exported clicking here

/
\ /
= D <

SAVE SAVE IMPORT EXPORT | SETTINGS
ALL

IMPORT

€ 1pC Cmap 20

Hcme| PERFORMANCE  HELP

DL Re

NEW  NEW NEW
PROJECT MACHINE PHASE STAGE CURVE M\X

New Open SETTINGS
Database tree view '} Tutorial machine X ‘ ¥ |All Phases -~
Ph. v
| |Q Visualizer Performance ‘ =
4 m Tuterial Project.pr — h Tuterial phase.pha

o j]: Tutorial machine.mac
b Jh‘ Tutorial nhara nha

(A) MACHINE INFO

EXPORT (2) <o } —

M. Detach

Right click of B oz

. > B Export
the object then M Tee

|
|
|
click export | :
|

OEMPO‘

CEM IN ‘

(~) PHASES
DX
NAME CREATED ON UPDATED ON
Tutorial phase 4/21/2017 65335 AM 4/21/2017 6:53:35 AM -

Q SAVE CANCEL
Unassigned Phases | All Phases |—
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8.3 Units
It is possible to set the favorite units as default units (SETTINGS=>» Units)

Example: analyst/user use usually:
e Kg/cm? for Pressure

e Celsius for Temperature
 Meter for Polytropic Head

Units Units

B3 B3

.+ Varie Through this function, .+ Varie
Digitisation-X Unit Q he is able to replace: Digitisation-X Unit Q
Digitisation-Y Unit P2 Digitisation-Y Unit P2
Fos LK Pa with Kg/cm2 Fos LK
Flowhass Unit Kg_s . q . Flowhass Unit Kg_s
Flow\Volume Unit mg3_5 KeIVIn Wlth ceIS|us Flow\olume Unit mQE_s
Length Unit mim J/Kg Wlth Meter Length Unit mim
Mumeric unitless Mumeric Mumeric unitless MNumeric
PolytropicHead Unit 1 kg | PolytropicHead Unit m
Power measure Unit Watt Power measure Unit Watt
Pressure Unit Pa > Pressure Unit Kg_Cm2
Speed Unit rgrn Speed Unit rprn
Temperature Unit Kelvin 3 Temperature Unit Celsius
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;-l;:.'l;l.l:: — .::.:'l:l :i;:l':'.i SEE SOSpEraEROr
Exdal Typs i rEL] Fluck FIMALE ERFTHERY
Factim EBmciica Hama Erngan

B0d-E-301 phnss

E31-E-30L whaage

<IPC
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It’s possible to create a pdf
REPORT wich resume all
information about
analyzed Machine.

Ftage 1. BOD-E-DCL =mtage

Impaillar THamabsc

i Folumatrls Zfficisosy

=
b Ewchardczal EE2fdcisacy

- - L]
m | m | =
o |a |a

ESFSENTE COMDITIONG

Hix Mo BLI-E-005 F2 GOR
oomal
Gam Hols Fractiom
Wata=-EE0 [ EE
dydrogen Sfulbide-323 0,023
Syrirogen - B2 [ N
Hataaoe- T 00214
Sthaoa-CIBE O, W37
Frogacs- DI [ S
brawes -1 - CHEL [ ]
a-Butacs il 0, 0
paniang gt - ] Lo
a-Faoteoes-o-CIHIT [ e
2-EBaxace iq [ frs ]

INLET FEREEIER (Fil 51,5 Eg =3
INLET TRMPEGEATTER (TLI 5T Calmiua
NI'T BOOECTLAE Wl 1.3 kg'lecl

e

Gas Mixture
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FERFOREINTE COMDITIONE
Bz Hmms BE3-E-E05 FT1 BOR INLET FRESIER [Fil ¥,5 Eg C=2
ooemal

INLET TRPSATOER (Til i7 Calmiom
Gax ixla Frectim

NIT BCOECTLAE WL i.40 Igiimol
Matar-E0 0,13 P f
::dn-.cl: Bullide-33 0. [2H er ormance
I condition
Batamos- T 0.1l
Bthara-CI0E 0.0i0m
F.'._..::I oae 0,14
L-babues -1 -CHELD 0. 0is
3-Buixcs -o-CELL 0,013
L-paotan-i-CiHI] 0, ¥10
a-Faotaos-3-CIQA3 0, a0
a-Barass-o-CREid 0,0
a-0cbass -n-CIELE 0, (WI04
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3500 4000 4200 4800 0 4600 4800 5000 5200 0 5400

[ sess4e 0 f 0000000000 95,6 000000000000
[ 0 seose 0000 00000000000 vaes 00000000000
[ wezes L 0 vaze
[ avee,ey 0000 L 00000000000 aas 0000000000000
T T T T A
[ 00 ssas,;ae o f 0 000 evae
[ ceis,ze 0 | 00000000000 ea@s 00000000
[ eoev,se 0 | 00000000000 e2a 0000000000000
[ essg4e | sga&s

§ I I KT |
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10. XLS Report
. Peromance Analysis: Machine : TUTORAL MACHINE
2 Projectname: Tutorial
3 Machine name TUTORIAL MACHINE
“
3 Stage name: TUTORIALSTAGE
6 Impeller diameter: 600 mm

7 % Volumetric Efficiency: 100

§ % Mechanical Efficiency: 100
9

Sheet 1 “General Data”, includes the info about Project, Machine, Stage (Id,
Eta_Mech, Eta_volum)




<IPC

INDUSTRIAL PLANTS CONSULTANTS

Cmap User guide

Sheet 2 “Reference Condition”, includes

the reference inlet conditions (p1, T1, Gas mixture, Mw)

A B C
1
2 Inlet pressure (P1) : 40,2 bara
3 Inlet Temperature (T1): 50 Celsius
4 Mix Molecular Weight : 19,55 kg/kmol
5 Mixname: Tutorial MIX
6 Gas Mole fraction
7 Methane-CH4 0,8
8 Ethane-C2H6 0,15
5 Propane-C3HB 0,05
10
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5

725% |
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2656068 3656068 4656068 GASEOED GGSEOGE 7655068 656,068 365,068 4655068 565,068 6555,068 656,068
Q[m"3/h] Q[m"3/h]
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Sheet 3 “Performance condition”, includes:

new performance inlet conditions (p1, T1, Gas mixture, Mw)

A B C D
____ PERFORMANCECONDITONS _
2 Performance name : off design
3 Inlet pressure (P1): 38 bara
4 Inlet Temperature (T1) : 52 Celsius
5 Mix Molecular Weight : 18,85 kg/kmol
6 Mixname: off design mix
7 Gas Mole fraction
8 Methane-CH4 0,8
5 Ethane-CZH6 0,2
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P2 MAP T2 MAP
e [ 135197 =
ELE e T
T 125197 — -
i . =

+
T2 [Cekius]
;
/!
/!

=

g \\ B -

] ~ _
. : 220

I22E7 2107 A
AT BMMAIT A4 4MIDAIT MESAID M4m0 NS4 M4 T4 TIIALD AT AT aA: aMAIm MEALm AT S04 ENAL TMALD TSI

General Data_ Reference Condition | Performance Condition /%] e | Il |
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11. FAQ & TROUBLESHOOTING

a) Service exception 1: if you find these Warning Message

Il creatore dell’'errore non ha specificato Reasan,
Error: Unexpected at CompressorStage. Please report this error

7%
;I_.l' U '\\.1

nner Exception:
Indice oltre i limiti della matrice.

Causes: invalid value for

Tuterial machine Tuterial curve Tutorial Stage

Stage Mame Tutcrial Stage

Id in Stage Ta b > mpeller Diameter 600 ¢. : 2 - I

% volumetnc Efficiency [100

% Mechanical Efficiency | 100
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Tutorial machine Tutorial curve X | Tutorial Stage

i N
urve Mame -
= Tutorial curve

Inlet Pressure -
P, or T, in Curve Tab > G =

Inlet Temperature [

Celsius -
M T torial Mix ¥ | |_Open Mix || New Mix
P1 40.2 kar a v
" e @ < P, or T, in Performance setup
0 Cewn) -
Mlix Tutorial MIX ¥
EOS:  LEE-KESLER v

Solution: verify both values and units for these fields
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b) Service exception 2: if you find this Warning Message

A Il creatore dell'errore non ha specificato Reason.

_fD\\ Requested 4000 rpm, when admissible minimum, maximum are 454029 8823 03

i Ly rpm

Causes: requested speed number is out of allowable range

Solution: enter valid speed number (N_.. <N<N

min max)
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c) Service exception 3: if you find this Warning Message
( Service Excepticn Ii"]

Il creatore dell’'errore non ha specificato Reason.

Fa
7 . The same property cannot be set to the twe maps

A

Lok |

Causes: the maps have been defined through the same performance

¥: P * | Pa v

X:|Q v | m*3 -
Uploaded maps are equal

¥: P * Pa v

Kl Q * | m*3/ v

Solution: come back to digitization and modify the axis settings
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d) Configuration error 1: if you find this Warning Message

All inlet condition fields are mandatory,

o
.'_I'-I' D '\I.\‘

Causes: one or more data are missing

p, field not yet filled —
P1

Tl fl@ld nOt yet f|”ed > T Celsius =

Bl ¥
No Mix has been selected /

ECS: LEE-KESLER

bar a hd

Solution: enter all the mandatory fields
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e) Configuraton error 2: if you find this Warning Message

Minimum one input speed Is required.

.I'.r ﬁ'\.
A

oK

Cause: no speed has been entered

Speed [RPM] :

MO | RPM

Solution: enter at least one speed number




http://www.compressormap.com

cmapsupport@ipc-eng.com

compressor map
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