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Gas properties, flowrate and conditions ( Sheet :   1   Of ……….)
1 Gas name Air

Item or symbol Quantity Unit Item or symbol Quantity Unit
2 Suction pressure, ps 1.0132 bar A    Discharge pressure, pd 38.2 bar A
3 Suction temperature, ts 35

O  C

4 Ts 308
O  K    pCR 47.88 bar A

5  MW 28.4 kg/kgmol    TCR 161.38 O  K

6  kS 1.391    pR  = p / pCR 0.02

7  RS 0.292 kJ/kg.OK    TR  = T / TCR 1.91

8  DSs 1.125 kg/m3    ZS 1.00

9  MCp 29.10 kJ/kgmol.OK    CpS 1.04 kJ/kg

10  G 60840 kg/hr    Gmol 2560 kgmol/hr
11  QS 54150 m3/hr    QN 48000 Nm3/hr

12

 Compressor Calculation Sheet
 Item Symbol Unit Quantity  Note

13  
14  Check whether need intercooler
15  First Stage Volume flow Qs m3/hr 54150
16  Preliminary Efficiency 0.787  Figure 11
17  Total Pressure ratio (pD ) / pS PR - 37.702
18  (n-1)/n = (k-1)/k.EFP (n-1) / n - 0.3572
19  n/(n-1) = k.EFP/(k-1) n / (n-1) - 2.800
20  Max. temperature tMAX

O C 180  SeeChapter VI. For mechanical seal
21 TMAX

O K 453
22  PRSTGMAX  (pD / pS )MAX - 2.95  Equation (11)
23  Is PR < (pD ) / pS MAX No  If No, need intercooler and use this sheet
24   
25  Check number of casing
26
27  Total Hydrodynamic head HTOTAL m 68272.7  Equation (7)
28  Total polytropic head HpTOTAL m 86750.5  Equation (9)
29  Average tip speed Uavrg m/s 310  As per appendix B.1. at MW

30  Max. tip speed ( =0.9.a) Umax. m/s 319  where a=(1000.k.Z.R.T)0.5

31  Preliminary tip speed selected U m/s 310  
32  Preliminery head factor, Y 1.40  See appendix B.
33  Polytropic head / impeller at Y =1.05 Hpi m 6857.3  Equation (14)
34  Preliminery est. of total no. of impeller iTOTAL 10  I = HpTOTAL / Hpi in integer number

35
36
37
38
39

Note : 1. Integrally gear centrifugal compressor is usualy use 3 dimension unshrouded impellers



n n i n i n n

Compressor Calculation Sheet (Cont.) ( Sheet :   2   Of ……….)
 Item 1'st 2'nd 3'rd 4'th 5'th 6'th 7'th

impeller impeller impeller impeller impeller impeller impeller
1
2  Compressor discharge press. 38.20 38.20 38.20 38.20 38.20 38.20 38.20
3  Max. discharge temp., tdmax ( C) 180 180 180 180 180 180 180
4  0.9 x Sound velocity, 0.9 a (m/s) 318.7 321.6 321.6 321.6 321.1 320.8 #VALUE!
5  Tip speed as per appendix B.1 310 310 310 310 310 310 310
6  Select tip speed, U (m/s) 310 315 315 315 280 280 280
7  Estimate flow coef., CQ 0.10 0.10 0.10 0.10 0.10 0.10 0.10
8  Estimated diameter, D (mm) 785.9 799.0 410.9 411.1 223.9 224.0 129.9
9  Max. speed, Nmax (RPM) 7533 7533 14641 14641 23888 23888 41153

10  Rated speed, Nrated (RPM) 7533 7533 14641 14641 23888 23888 41153
11  Estimated head coef., Y 1.40 1.40 1.40 1.40 1.40 1.40 1.40
12  Head per impeller, Hi (m) 6857 7080 7080 7080 5594 5594 5594

13  Pol. Eff., EFp at CQ=0.09 (fig.14) 0.780 0.780 0.780 0.780 0.780 0.780 0.805
14  Correction factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
15  Efficiency, EFp 0.780 0.780 0.780 0.780 0.780 0.780 0.805
16  ps (barA) 1.0132 1.912 3.692 7.175 13.993 24.084 41.579
17  Ts ( K) 308.0 318.0 318.0 318.0 318.0 318.0 -
18  pcr (barA) 47.88 47.88 47.88 47.88 47.88 47.88 47.88
19 Tcr ( K) 161.38 161.38 161.38 161.38 161.38 161.38 161.38
20  pRED  0.0212 0.040 0.077 0.150 0.292 0.503 0.868
21  TRED 1.9085 1.971 1.971 1.971 1.971 1.971 #VALUE!
22  ZS 1 1 1 1 0.997 1 0.995 1
23  MW 28.40 28.97 28.97 28.97 28.97 28.97 28.97
24  R 0.29 0.29 0.29 0.29 0.29 0.29 0.29
25  MCp 29.10 29.158 29.158 29.158 29.158 29.158 29.158
26  ks 1.39 1.399 1.399 1.399 1.399 1.399 1.399
27  (n-1)/n 0.360 0.366 0.366 0.366 0.366 0.366 0.354
28  n/(n-1) 2.775 2.736 2.736 2.736 2.736 2.736 2.823
29  Discharge pres. pd, equation 7. 1.962 3.742 7.225 14.043 24.134 41.579 #VALUE!
30  Pressure ratio, PR 1.936 1.957 1.957 1.957 1.725 1.726 #VALUE!
31  Is compression continued ? Continue ti Continue t Continue t Continue ti Continue ti Stop to #VALUE!
32  Td 390.8 406.5 406.5 406.5 388.1 388.3 #VALUE!
33  Discharge temp., td ( C) 117.8 133.5 133.5 133.5 115.1 115.3 #VALUE!
34  G 60840.0 60840.0 60840.0 60840.0 60840.0 60840.0 60840.0
35  DSs 1.125 2.054 4.045 7.862 15.333 26.390 37.316
36  Qs (m3/hr) 54150.0 29625.1 15040.0 7738.2 3968.0 2305.4 1337.0
37  Discharge density, DSd 1.715 3.208 6.194 12.038 21.667 37.316 #VALUE!
38  Discharge flow , Qd (m3/hr) 35480.2 18967.6 9822.7 5053.9 2807.9 1630.4 #VALUE!
39  Is between impeler need in- Yes Yes Yes Yes Yes No #VALUE!
40  tercooler ?
41  Intercooler press. Drop (bar) 0.050 0.050 0.050 0.050 0.050 0.050 0.050
42  Gas temp. outlet intercooler ( C) 45 45 45 45 45 45 45
43  Density outlet intercooler (kg/m3) 2.054 4.045 7.862 15.333 26.390 45.506 #VALUE!
44  Vol. flow outlet intercooler (m3/h) 29625.1 15040.0 7738.2 3968.0 2305.4 1337.0 #VALUE!
45  GHP (kW) 1457.5 1504.9 1504.9 1504.9 1189.1 1189.1 0.0
46  MCp of discharge gas 29.600 29.380 29.380 29.380 29.340 29.530 0.000
47  Cp of discharge gas 1.042 1.014 1.014 1.014 1.013 1.019 0.000
48  C.W. required per-impeller, ton/hr 111 131 131 131 104 0 0 #VALUE!
49  Mech. losses factor : RL 1.675 0.756 0.400 0.150 0.130 0.070
50                 RD 2.100 1.800 1.000 0.600 0.530 0.250
51 Mech. Losses (kW), brgs. 95.1 42.9 85.7 32.2 74.2 39.945
52 Mech. Seal 158.2 135.6 146.4 87.8 126.6 59.7
53 Total BHP 9434.759



( Sheet :   3   Of ……….)

Note : 1. If any cell contain "#VALUE!" in a column, this column shall be neglected because compression has finished
            2. C.W. for aftercooler to be calculated separatelly
            3. Trial and error is required in line no. 6 of sheet no. 2 in the range of values in line 4 and 5 untill discharge pressure 

                is equal or little higher than specified pressure
            4. There are hiden supporting column : Column F, H, J, L, N, P, R of this original sheet. Don't delete. Those colums are
                containing calculation that assumed without intercooler

           5. In addition to note 3, white letter in red cell is input with adjusment if necessary.

Sketch

       Copy of fig. 11. Preliminary efficiency estimation used for line no. 16 sheet no. 1
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