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CENTRIFUGAL COMPRESSOR CONFIGURATION

IHl
1. Creation of Prolect

In “Home”, click NEW PRgECT on the Ribbon Bar, you can rename it “TUTORIAL PROJECT”.
I* IPC Cmap 2.0
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2. Creation of Machine .'M

Click button New in MACHINES section to create a new Machine directly linked to upper project and rename it
“TUTORIAL MACHINE".
I* IPC Cmap 2.0

4 3
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SAVE CANCEL
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3. Creation of Phase

Click button New in PHASES section to create a new Phase directly
“TUTORIAL PHASE".

linked to upper machine and rename it



HE 1PC Cmap 20 - 3 x
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Communication Bar|

4, Creation of StageJﬁ_—a

Click button New in STAGES section to create a new Stage directly linked to upper phase and rename it “TUTORIAL
STAGE”, input Impeller diameter, mechanical efficiency and volumetric efficiency.

'* IPC Cmap 2.0
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5. Creation of a Curve L=

Click button New in CHARACTERISTIC CURVES section to create a new Curve directly linked to upper stage and rename
it “TUTORIAL CURVES”.



€ 1pC Cmap 2.0
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In CURVE GRAPHS section, you can upload the characteristic curves by 2 ways:

Map Digitization, by digitizing graphically point of curves
Numerical Digitization, by entering numerically point by point of curves

HOW UPLOAD THE MAPS

For this tutorial document, only Map digitization procedure is shown.
For numerical digitization, see Cmap2 User Guide.

Map digitization

To open the DIGITIZATION MAP window, click ‘Map digitization’ button in CURVE GRAPHS.

1. The first step is to upload the first map image (BMP, JPEG, GIF, TIFF, PNG files) clicking LOAD MAP IMAGE
button.
Through the roller of mouse is possible to zoom the image.

2. Uploaded the map, you have to fill the following fields in BOUNDRIES area:

BOUNDRIES

° Points per Curve
Points Per Curve : E . Origin X, Origin Y
Origin ;| x| v * X Max
. I:l « 5 Y . Y Max
¥ Max : o X |:| ¥

You have to fill Origin, X Max and Y Max fields according to indicated values in the map.




3. Then it need select what kind of map you are going to digitize in UNITS: you have to define the axis and
relative units of the map uploaded:

X axis, selecting between

a. Flow coefficient (¢)
b. Actual (Q) or Normal (Qn) or Standard(Qstd) volume flow
c. Mass flow (G)

4

¥i| P2 > | Pa

Xy o * | Unitless -

Y axis, selecting among :
Discharge pressure (P2)

A

B. Discharge temperature (T2)
C. Compressor ratio (B)

D. Shaft Power (Pw)

E. Work coefficient (etaptau)
F. Polytropic Head (Hp)

G. Polytropic efficiency (etap)

4. Now it is possible to digitize Origin, X Max and Y Max points on the picture.

DIGITIZATION-MAP - 3 X

m Mipl

BOUNDRIES
Points Per Curve : s Specify cunve speed,
2000 0

Origin: X v
LOAD MAP IMAGE... CLEAR ALL UNDO LAST POINT
XMax:| 9000 x40y
a
- 110
YMax:| 2000 |y 10 |y
100 /--' T~
~
\ n,= 6825 rpm
Y: P2 ~ | bara - T =0 ~
_; N n,= 6485 rpm
é 80 '--..\ < \ n, = 5850 rpm
8
n
CURVE AND DATA POINTS £ \ \ : ny=5200 rpm
g / — N
Curve Speed / Mach Number S Z \ \ & Ns= 4550 rpm
— — T~ e
g w0 -..‘\ ~n;
TYPE ‘ XVAL YVAL ™
50
Origin 2000 40
XMax 9000 40 a0 @
YMax 2000 110 2000 3000 4000 5000 6000 7000 8000 2000
FLOW [m3/h]

5. In order to digitize the map you have to define the speed | iiis BRI ol LT
(or Mach number if you have non-dimensional map) of Curve Speed / Mach Number

the curves in CURVE AND DATA POINTS. 1550 |

After you edited the 1% speed number (or Mach number), in STEP

Curve 4550 : Added 0/5 : Remaining : 5/5

INFO there will be this message:

a resume of points already digitized (Added) and points to be digitized (Remaining).
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g t
6. Now you can digitize Nyoints_per_curve fOr 1° curve.

For each point digitized, “Added” increase while “Remaining” decrease.

STEP INFO

Curve 4550 : Added 2/5 : Remaining : 3/3

LOAD MAFP IMAGE... CLEAR ALL UNDO LAST POINT

110 3

Y

"'-.._h-_

100

of
%\ \ n,= 6825 rpm

~—
® 90 M\ “~
5 f N~ n, = 6485 rpm
& I ——
3 B0 — AN ny= 5850 rpm
g n,
& n,= 5200 rpm
w 7o — b
2 / \ n;
g ﬁ n; = 4550 rpm
2 — S ™~ ns
8 60 1-._._\ ~,
ns
50
0 @ ©
2000 3000 4000 5000 6000 7000 8000 9000
FLOW [m3/h]

7. Once you digitized all the points of 1" curve, it need to specify the 2" speed number (or Mach number) for
2" curve, and so for the successive curves.

STEP INFO

Specify curve speed.

LOAD MAP IMAGE... CLEAR ALL UNDO LAST POINT

110 (G

wd

‘\-—

il —~—
I~ TN —

100

& o0 S
_E f N n;=6485% rpm
= T ——
=] 20 T — N ny= 5850 rpm
g n,
- ny= 5200 rpm
LY — )
2 / \ ng
2 d ng = 4550 rpm
2 o ns
& 60 ~m,
ns
50
20 ® O
2000 3000 4000 5000 6000 F000 8000 2000
FLOW [m3/h]

We remind that Cmap 2.0 need at least 3 curves to set correctly a centrifugal compressor.



When the 3 curve is digitized, in STEP INFO there will be the following message:

First map digitisation is valid and in partially complete state. You can continue adding new curves or alternatively can move to second map digitisation.
LOAD MAF IMAGE... CLEAR ALL UNDO LAST POINT
110 @
100 / S
—
\ \ n,= 6825 rpm
w 90 ‘
=
f "\\ \ n, = 6485 rpm
g
E 80 N \ n; = 5850 rpm
n
E = \ 2 ng= 5200 rpm
2 A= ~n,
g ng = 4550 rpm
o
I Ny
2 5 ( ;%% ©n,
N
50
0O ©
2000 3000 4000 5000 65000 7000 BOOO 9000

8. a) If you want to continue digitizing new curves, you edit 4" speed number (or Mach number) and go on.

b) If you want to start the digitization of 2" map, you should click “Map II” button.

DIGITIZATION-MAP

Mapll

BOUMNDRIES

Points Per Curve : 5 sl First map digitisation

i Mapl

Origin: | 2000 x 40 ¥
LOAD MAP IMAGE...
KMax: | 9000y 40 ¥

110

et

¥ Max : 2000 ¥ 110 ¥

9. For the digitization of 2" map you can follow the above procedure from point 1 to point 4.




10. After you digitized Origin, X Max and Y Max of 2" map, a guided digitization will start:

1. Youdon’t need to give speeds (or Mach number) for the curves, they are already stored;
2. Agreen line at X points fixed in the first curve will guide you to pick all Y points;
3. You have to click where the green line intersects with the curve.

DIGITIZATION-MAP - & X
Mapl w 1
—
Points Per Curve H 1@ pdded /5 : Remaining : 3/5
[~]
Origin: 2000 x| &0 ¥
LOAD MAP IMAGE... CLEAR ALL
XMax: 9000} 80y
o -
YMax: 000y TR0y il
.
UNITS
o 2 ~——] /\..,_-__ ny= 6825 rpm
v T2 v | celsis v T ~—
w & \ n,=6485 rpm
X Q ML E 130 ~
2 \ \ n; =5850 rpm
& / . \
CURVE AND DATA POINTS g o
B \ \ ng = 5200 rpm
Curve Speed / Mach Number | . \ n,
g 110 ~ n; =4550 rpm
5 n;
w
2 ~
TYPE | VAL WAL | B8 o / ‘\ \\
L]
Origin~ | 2000 20
L
XMax 9000 2 ‘B\G ~—ng
YMax 2000 160 A S~ )
80 € !
4330 279586128034675  920330891972334 2000 3000 4000 5000 6000 7000 8000 3000
4550 235507207489378  8.0495471020285 FLOW [m3/h] .
“ »
oK CANCEL
DIGITIZATION-MAP - 7 X

Mapl w
BOUNDRIES

Points Per Curve : Curve 5850 Added 3/5 : Remaining : 2/5
Origin: | 2000 x| 20 ¥
LOAD MAP IMAGE... CLEAR ALL
XMax:| 9000 x 80y
a
160
YMac: 2000 x o 8Dy é
150
ny=6825rpm
Y: T2 v | Celsius . T 40 /\\\ ' =
:.T & ™ n;=6485 rpm
,=
X: Q v mA3h - ﬁ e ~ \
2 / \ N \\ n; =5850 rpm
ad
CURVE AND DATA POINTS. g 1w Dy
B \ \ n, =5200 rpm
Curve Speed / Mach Number i NG ny
S
% 110 \ ~ n; =4550 rpm
3 ~ nz
@ NG
TYPE | XVAL YVAL ‘ e 100 / o N
L]
Origin | 2000 20 - ({ ‘e\
% ~ \.‘
XMax 9000 80 ‘b‘\& =l O
YMax 2000 160 s % ng o
— TEECTEIRTE SRR 2000 3000 4000 5000 6000 7000 8000 9000
4550 3355.07207480378  89.0495471020285 FLOW [m3/h] v

%50 amataceuoRseTR  RAITATIRRRIMRI0 T A 4

oK CANCEL

Through button ‘CLEAR ALL’ it is possible to clear all points digitized;

Through button ‘UNDO LAST POINT it is possible to clear last point digitized.




11. When all points are digitized, you can confirm the maps through “OK” button.

Mapl
T
Points Per Curve : ] Digitisation Complete.!
L 5]
origin: 2000 | x 80 v
LOAD MAF IMAGE... CLEAR ALL
XMax: 9000y 80 v
o
¥Max: 2000 x 160y e
150
UNITS ﬁ\
= 140 ™~
vi T2 - | Celsius - ")
X: Q v | m*3/m - 3 <
S / o\ \S
g
CURVE AND DATA POINTS = S \&
s 120
Curve Speed / Mach Number E /N\ \E)\ \G) i
£ 110
I ©
5 }é\& \Q n
] \
TYPE | XVAL YVAL e 100 i 2 S
N3
Origin 2000 50 - & ‘9\\\
—
XMax 9000 80 9” E‘\e\ O g
YMax 2000 160 & Sg ns d
20 g
4530 9386128034673 92.0350891973354 2000 3000 4000 5000 6000 7000 8000 3000
4550 3355.07207480378  £9.0495471020285 FLOW [m3/h]
assn 2701 208140Ra78  BAITATIRAR2ARIG T 4 >
0K CANCEL

After you uploaded the maps, if you digitized 2 dimensional

Curve Name . . ey
TUTORIAL CURVES | maps you have to edit the inlet conditions for these maps:

- Inlet Pressure, edit value and its unit

Inlet Pressure (405 | - Inlet Temperature, edit value and its unit
Inlet Temperature (5, | - Mix, assign a Gas mixture to the maps
M 2] Opentix || Newmix ] 2.

1

To assign the Mix:

1. you can choose a previously created Mix from Drop Down Menu (also you can open the Mix through
Open Mix button)

2. you can create a new Mix clicking New Mix button (see Creation of a Mix and HOW CREATE A MIX
sections)

If you digitized non-dimensional maps, you don’t need to assign the inlet conditions.

6. Creation of a Mix &

Click button New Mix in CURVE INFO section to create a new Mix directly linked to upper Curves and rename it
“TUTORIAL MIX".

The Mix window will be opened in Work Area.

10



HOW CREATE THE MIX
1. You can edit the Mix Name

2. Select the 1 gas compound of mixture (a), edit the MOLE % (b) and confirm through ADD button (c)

TUTORIAL MIX X

1. Mix Name |TUTORIALMIX Mix Molecular Weight [kg/kmol]
GAS Compositj
2-ai Gas | Methane-CH4 - I Mix "
Ix-Gas Compositions

Moleculer Weight - kg/kmel | 16.043 Gases assignad to

Critical Temperature - k 190.58 )
20— ool

Critical Pressure - bar 48.04 ‘
Critical Velume - m3/mol 90992

Acentric Factor- m3/mol 0017

I Methane-CH4 I Unassigned-[NA]

GAS MW MOLE %
Methane-CH4 16.043 80
Unassigned-[NA] ] 20

SAVE CANCEL

3. Repeat the point 2 for each compound of gas mixture. If you want clean a compound previously added, select
it from “Assigned Compounds Area” and click DELETE button.

4. |tis possible to save the MIX only if the “Unassigned” is 0% (100% assigned mix).

ICommunication Bar

Error saving Mix.

~ o ) If you click SAVE button when Unassigned is > 0,
Total molecular percent must be 1002, Please venfy input again.

you will read this message in Communication Bar
(clicking “Communication Bar” to show its
message)

Communication Bar

5. Reached the 100% assigned, click SAVE button to save the MIX object in Cmap2 Database.

After creation of Mix, you can Save all items through SAVE ALL button from ribbon bar.

Home PERFORMANCE HELP

bEALLRe EEE s i

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

The Compressor Configuration ended.
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NEW PERFORMANCE CALCULATION

In this section we will show you how to start the performance evaluation. This task will include the following steps:

a) Define one or more gas mixes (through NEW MIX button) needed for the calculation of performance in the

new conditions and save it or them
b) Launch the calculation tool

For point a) see HOW CREATE A MIX section.

To start a performance evaluation of a MACHINE (already created)= open the MACHINE (a), choose the
“Performance” Tab (b), click button “NEW” (c).

Database tree view ~ 1 || TUTORIAL MACHINE X
| "la

Machine Info  Visualizer b
m MF_SystemProject.pr) T
[ SF_SystemProject2Simple.pr] () PERFORMANCES

m SF_SystemProject2InterCooler.pri

m SF_SystemProject2SideStream.prj NAME TYPE MIX Pl n pLOT COLOR !
3 TUTORIAL PROJECT pr ‘ :: >
b n TUTORIAL MACHINE.mac P

DELETE
a

PLOT

CLEAR

The PERFORMANCE SETUP form will be opened:

+”_ PERFORMANCE SETUP : TUTORIAL MACHINE

Machine P 40.2 bara - Speed [RPM] {6825 ADD | DELETE
TUTORIAL MACHINE
n =~ o | o
Performance B 2550
DESIGN PERFORMAMCE Miix TUTORIAL MIX - ) . i
1
EOS: LEE-KESLER - 3 6325 I

EQS: LEE-KESLER -

PHASE DETAILS

[[»] NAME PHASE KIND ACTIVE

1 TUTORIAL PHASE Simple

RUN ANALYSIS CANCEL

Once the pop-up opens:

1. edit the name of the performance in MACHINE INFO Area;
2. define ADIM EOS to model (non-dimensional) the compressor: this EOS is linked to design mix. For this
reason:
a. if design mix is a Hydrocarbon mixture you have to select between Lee-Kesler or Peng
Robinson EOS.
b. if design mix is Freon R134a you have to select R134a EOS
3. input new INLET CONDITIONS:
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a. new inlet pressure (P1)
b. new inlet temperature (T1)
c. new gas mixture (Mix), previously created
4. define EOS to calculate the performance: this EOS is linked to off design mix. For this reason:
a. if off design mix is a Hydrocarbon mixture you have to select between Lee-Kesler or Peng
Robinson EOS
b. if off design mix is Freon R134a, the software selects automatically R134a EOS
5. input one or more custom RPM and click ADD to confirm in INPUT SPEEDS Area:
a. (!) in case of more RPM they must be input in increasing order
6. If you want to delete a speed number you have to select it and click DELETE button
7. Click RUN ANALYSIS button to start calculation

The PERFORMANCE ANALYSIS form will be opened.

PERFORMANCE ANALYSIS

ORMANCE ANALYSIS : MACHINE : TUTORIAL MACHINE

PERF

Speed :

Mix

INLET CONDITIONS

6485 -

1.

T2 Hp EeP Pw

bar 3 v XUnit: @~ | m"3/h * YUnit: bara

Celsiuvs =

Tutorial MIX

NO

P2 [bar a]

70

T
6000 6500 7000

Inlet Flow [m#3/h]

T T T
4500 5000 5500

COLOR | MODE QIMEAS | QIEXP  AQl1% | P2ZMEAS P2EXP | AP2%  T2MEAS | T2EXP AT2% HP MEAS =~ HPEXP  AHPS%  ETAPMEAS | ETAPEXP | AETAP % PW MEAS | PWEXP

Through this tool you can compare the measured values (from field or a shop-test) with the expected ones from

performance Cmap calculation.

To obtain this comparison you have to:

1.
2.

3.
4.

Select the speed number of centrifugal compressor

Edit the measured values and relative units from transmitters in terms of
Inlet flow (Q or Qn or Q std or G)

Discharge pressure p2

Discharge temperature T2

Shaft Power Pw

Flag the reference measured value (Q1 or p2 or T2) to calculate performances
Click SOLVE button.
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PERFORMANCE ANALYSIS : MACHINE : TUTORIAL MACHINE

Speed : 5485 .
INLET CONDITIONS H T2 Hp EteP Pw
P Ja02 bara  + XUnit: @ v | mA3m * VUnit: bara M

™50 Celsiis  +
Mix  Tutorial MIX a0 \’
MEASURE VALUE AND REF

Pw 699 kw M 4500 5000 5500 6000 6500 7000
Inlet Flow [m#3/h]

P2 [bar a]

i

SOLVE  DELETE

NO | COLOR MODE Q1 MEAS QIEXP | AQ1% P2 MEAS | P2 EXP AP2%  T2MEAS = T2 EXP AT2 % HP MEAS HP EXP AHP % | ETAPMEAS = ETAPEXP | AETAP % PW MEA

e T e e e e ey S R

As the point 3 describe, the software offers the possibility to make checks with reference to measured inlet flow or

pressure or temperature.

HP MEAS HP EXP AHP % ETAP MEAS | ETAPEXP = AETAP % PW MEA

NO  COLOR = MODE Q1 MEAS QIEXP | AQ1% P2 MEAS P2 EXP AP2% | T2 MEAS = T2 EXP AT2 %

N e T e e

In RESULTS, it’s possible to see the expected and measured values of:
= inlet flow (Q or Qn or Q std or G)
=  Discharge pressure (p2)
= Discharge temperature (T2)
=  Polytropic Head (Hp)
= Polytropic efficiency (Etap)
= Shaft Power (Pw)

and their comparison through the calculation of percentage error. Also you can see the analyzed point in the charts.

There is one chart for each performance curve (p2, T2, Hp, Etap, Pw).

e

T2 Hp EtaP Pw a. b.

- I’Umt: bara -

XUnit: Q ¥ | m*3/h

o
=]

P2 [bar a]

=]
| T T N N I T T TS N B

-
[=]

T T T T T
4500 5000 5500 0 6500 7000
Inlet Flow [m*3/h]

You can define:

a. theinlet flow type and its unit for X Axis (X Unit)
b. the unit of measure for Y Axis (Y Unit)

Clicking REPORT button you can also simply report the results through PDF format.
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PLOT OF PERFORMANCES

In PERFORMANCES, you can plot two or more performances simultaneously.

TUTORIAL MACHINE X |

Machine Infe  Visualizer m
(A) PERFORMANCES

MNAME MIX P1 m EOS ADIM EOS PLOT COLOR NEW

design new mix design 40,2000007¢ 50 [ Calsius] LEE-KESLER LEE-KESLER L4 M Green | > OPEN

off design off design mix 38[bara] 52[Celsius] LEE-KESLER LEE-KESLER L | @ DELETE
CLEAR

Flag in the column PLOT one or more Performances, click PLOT button and the Curves are shown.

You can select the performance maps among p2, T2, Hp, Etap and Pw.

TUTORIAL MACHINE X

Machine Info

Visualizer

(%) PERFORMANCES

Hp EtaP

X Unit
Q -
¥ Unit:
bar a -

@
=1
I

P2 [har a]

70

60 -

T
6500 7000 7500

T T T
5000 5500 6000
Inlet Flow [m”~3/h]

TUTORIAL MACHINE X

Machine Info  Visualizer [ECyiliitllad

PERFORMANCES

Q -
8000 Y
J m*3/h -
i ¥ Unit
4 W -
Emw—
i w @ 5200
i 5850
4000 & 6485
] A 5850
- T T T T T T T T T
3500 4000 4500 5000 5500 6000 6500 7000 7500

Inlet Flow [m#3/h]
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SUPPORT AND ASSISTANCE

If you have got any problem or for any additional info we invite you to contact us at the following addresses:
IPC Srl - Industrial Plants Consultants

WWWw.ipc-eng.com

Via Paradiso, 18/F

70026 Modugno (BA), Italy () I P‘

cmapsupport@ipc-eng.com
psupport@ip g INDUSTRIAL PLANTS CONSULTANTS
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