
SIMPLIFIED METHOD FOR DETERMINING COMPRESSOR REQUIREMENTS FROM FIELD DE,TA 

David J. Sager 

In order to select a compressor, or calculate the performance of a compressor, 
certain design criteria must be known. This criteria is listed below: 

1. Gas analysis. A gas analysis is preferred, but if one is not available, 
then the specific gravity or molecular weight, n value, critical pressure 
and critical temperature of the gas can be used. 

2. Capacity. This is generally given in either MSCFD or MMSCFD (Thousand 
Standard Cubic Feet Per Day or Million Standard Cubic Feet Per Day) at a 
given base pressure and temperature. (Example: 14.65 PSIA & 60°F). 

3. Inlet temperature. At the compressor inlet. 

4. Inlet pressure. At the compressor inlet. 

5. Discharge pressure. At the compressor outlet. 

6. Elevation. At the compressor location. 

Assuming values for the above design criteria, calculations can be made to 
either select a compressor, or calculate the performance of an existing compressor. 
For example, assume the following design criteria: 

1. Gas analysis: Mol % 

Methane 84.9% 
Ethane 8.2% 
Propane 2.5% 
Iso-Butane 0.5% 
Norm-Butane 1.2% 
Peutane 0.5% 
Hexanes + 0.5% 
Nitrogen 1.2% 
Carbon Dioxide 0.5% 

100.0% 

2. Capacity = 2.0 MMSCFD (measured at 14.65 PSIA & 60°F). 

3. Inlet temperature = 80°F 

4. Inlet = 240 pressure PSIG 

5. Discharge = pressure 1050 PSIG 

6. Elevation = 2700 ft. 
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Based on the above C.O.S. (Conditions Of Service) we can determine the 
following values which are necessary to select a compressor, or calculate its 
performance. 

A. Barometric pressure. The barometric pressure is determined by the 
elevation. This can be arrived at by usinq a formula, or an existing curve 
of which there are many. (See Exhibit A.) By using the attached curve 
(Exhibit A), it can be determined that the barometric oressure at 2700 ft. 
is 13.3 PSIA. It is necessary to know the barometric pressure because all 
compressor calculations are made using absolute values, whether it be 
pressure or temperature. Absolute oressures are gauge pressures olus the 
barometric pressure. In this case, the absolute inlet pressure (Ps) is; 
Ps = 240 PSIG t13.3 PSI = 253.3 PSIA; and the absolute discharge pressure (Pd) 
is Pd = 1050 PSIC, t13.3 PSI = 1063.3 PSIA. 

B. The ratio of compression. To determine the ratio of compression, the 
formula: 

Pd (PSIA) 
Rc = T?JTmq is used, where Rc is the ratio of compression, Pd is the 

absolute discharge oressure and Ps is the absolute inlet pressure. For 
our case the ratio of compression is: 

Rc = 1063.3 (PSIA) = 
253.3 (PSIA) 

4.20 

C. The number of stages of compression required. The number of stages of 
compression required is normally determined by the discharge temoerature 
of the compressor. This can be either the manufacturers' maximum allowable 
discharge temperature limit, or a specified limit, such as XOoF as in 
API - 11P. 

Another determining factor of the number of stages required is the rod load 
or frame load rating of the compressor. In some cases you may not be 
exceedinq the temperature limit, but you may be exceeding the allowable rod 
load limit of the compressor. By adding one more stage of comoression you 
can reduce the rod load on the compressor. The calculations will follow. 

Another determining factor for the number of staoes is the volumetric 
efficiency of the cylinder. This comes into o1a.v mainly on prooane 
applications because the low n value of pronane allows a hiah ratio of 
compression without exceeding the discharge temperature limit, but this 
high ratio of compression causes a low volumetric efficiency and most 
manufacturers limit the V.E. to a minimum of 15%. 

With all this, a good rule of thumb for the maximum number of ratios in a 
stage of compression is 4.0 to 4.5. Again, as long as the discharge 
temperature limit, the rod load limit, and the volumetric efficiency are 
not exceeded, then the ratio of comoression in that stage is acceptable. 

D. Discharge temperature. To determine the theoretical discharge temoerature 
for a given ratio of compression, the following formula is used: 

n-l 

Td=Ts (Rc ") 
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Where Td is the absolute discharge temperature, Ts is the absolute inlet 
temoerature and n is the ratio of soecific heats of the gas. The absolute 
temperatures are in degrees Rankin, which is degrees Fahrenheit plus 460. 
n, or the ratio of specific heats is determined by the qas analysis or 
from the specific gravity. (See Exhibit B where the n value 1.267 was 
calculated basis the gas analysis, and then compared that to Exhibit C 
using a temperature of 60°F which is what Exhibit B is based on.) 

Using the value 1.267 for n, the discharqe temperature for the Rc of 
4.20, when Ts = 540 (80 + 460), is: 

.267 
1.257 

Td = 540 (4.20 ) = 731 - 460 = 271'F 

An easier way to determine the discharge temoerature is to use a 
nomograph. (See Exhibit D.) To use the nomograoh, you first find the 
ratio of compression on the right hand side. Go left to the n (k) value, 
then go vertically (up or down) to the inlet temperature. At the point 
where you intersect the inlet temoerature curve, read left to the discharge 
temperature. 

Seeing that the Td is 271'F we can do this comoression in a single staqe 
of compression, unless we find out later that we exceed the rod load or 
minimum V.E. limits of the compressor. 

E. Estimate the compressor horsepower required. In order to estimate the 
compressor horseoower required to compress 2.0 MMSCFD from Ps = 253.3 PSIA 
to Pd = 1063.3 PSIA, the following formula can be used. 

Compressor bhp = (22) (Rc per stage) (No. of stages) (MMSCFD) or, 

Compressor bhp = (22) (4.20) (1) (2.0) = 184.8 bhp 

This equation is close for gases with a specific gravity around 0.65, and 
stage comoression ratios of 2.5. 

A quick and easy method to determine the required compressor horsepower is 
to use the chart on Exhibit E. To use this chart, find the suction pressure 
in the left hand column and read across to the correct vertical discharge 
pressure column. This will give you the horsepower for each 1.0 MMSCFD of 
gas being compressed. Multiply this horseoower figure by the capacity 
(in MMSCFD) to determine the total horsepower required. Example, Ps = 250 
PSIG and Pd = 1000 PSIG which gives 85 bhp/MMSCFD. Multiplying 85 bhp/MMSCFD 
times 2.0 MMSCFD gives a horsepower of 170.0 bhp. This comoares with the 
184.8 bhp calculated by the above formula. 

F. Determine the required compressor displacement. To do 
convert the capacity from MMSCFD to acfm (actual cubic 
suction conditions). For this examnle it is at 250 PS 

' The formula used for this conversion is: 

this, we must 
feet per minute at 

IG and 80°F. 

SCFD 
acfm = 1440 X 

Base Pressure (PSIA) 
Inlet Pressure (PSIA) 

X Inlet Temperature (OR) 
Base Temperature (OR) 
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acfm = 
2,000,OOO x 14.65 x 540 _ 

1440 253.3 520 83.4 cfm 

Once the acfm is known, the required displacement can be estimated by using 
the formula: 

Displacement (cfm) = g (Volumetric Efficiency) . . 
or 

Displacement (cfm) = # = 136.7 cfm 
. 

The V.E. of 0.61 was obtained by using Exhibit F. Exhibit F lets you pick 
the approximate V.E. basis the known ratio of comoression and an estimated 
cylinder clearance. For estimating purooses, we use a cvlinder clearance 
of 15%. By reading UD vertically on the 15% clearance line to a ratio of 
compression of 4.20, and then left to the volumetric efficiency scale, we 
get a volumetric efficiency of 61.0%. 

At this point it is advisable to stop and summarize what we have determined 
regarding the selection and performance of the compressor for given C.O.S. of: 

1. Gas - n = 1.267 

2. Caoacity - 2.0 MMSCFD 

3. Inlet temoerature - 80°F 

4. Inlet oressure - 250 PSIG 

5. Discharge pressure - 1050 PSIG 

6. Elevation - 2700 ft. 

The following has been determined about the comoressor selection and performance: 

A. Barometric pressure - 13.3 PSIA 

B. Rc - 4.20 

C. Number of stages of comoression - one 

D. Theoretical discharge temperature - 271'F 

E. Compressor brake horsepower - 184.8 

F. Required cylinder displacement - 136.7 cfm 

G. Volumetric efficiency - 61.0% 

H. Required cylinder working pressure rating - 1050 PSIG minimum, as this is 
the required discharge pressure. 

At this point it is necessary to mention that without some specific technical 
data from a compressor manufacturer, it is difficult to finish sizino this 

/ compressor. The minimum technical data required to comolete this sizinq is the 

I horsepower and frame load rating of available frames, and the cylinder bores for 

I 
these different frames with their corresnonding working oressure ratings and 

I inherent clearances. 



Since Compressor Systems, Inc., who I am associated with, is a franchised 
distributor and packager of several different comoressor lines, much technical data 
is available to us to accurately size and calculate performance on these different 
compressors. Also, being familiar with these different lines of compressors, it is 
possible for us to rule out several lines due to the horsepower and the high dis- 
charge pressure (1050 PSIG). The decision then on the compressor selection would 
be for either a balanced OpDosed compressor with one or two cylinders (dictated by 
displacement and working pressure rating), or a single-throw horizontal compressor. 
Generally, we would look at a single cylinder comoressor first to see if it could 
handle the given conditions of services. 

In this example, the single-throw horizontal compressor will be looked at. 

Knowing that the Worthington HBGG compressor line has the followinq frames 
available: 

Stroke (Ins.) Piston Rod Dia. (Ins.) Max. B.H.P. Max. Frame Load (Lbs.) 

7" 
1.375 39 5,500 
1.625 66 9,000 

9 1.750 100 14,000 
11 2.000 170 18,000 
13 2.500 220 25,000 

it can be determined from the estimated bhp of 184.8 that the 13" stroke frame is 
required for this application. 

From Exhibit G (dimension and specification page form Worthington's brochure 
entitled "Type HBGG Single-Horizontal Gas-Field Comoressors") it can be seen that 
the closest bore size on the 13" frame to handle this application is the 6" bore 
which has a working pressure rating of 1250 PSIG, but a displacement of only 127.0 
cfm. This size may work even though it is estimated that 136.7 cfm is required, and 
that is due to the actual inherent miminum clearance on this cylinder being only 
9.0% and not 15% as used in the approximation done earlier. 

Working a little differently now to see if the 6 X 13 HBGG size will work on 
this sample compressor aoplication, the following stens will be taken: 

1. Find V.E. basis actual cylinder clearance of 9.0%. 
From Exhibit F, readinq up from 9.0% clearance to 4.20 
ratios, and then to the left, the anproximate V.E. is 
74.-%. 

2. Calculate compressor acfm knowing the cylinder displacement is 127.0 
cfm and the V.E. is 74.0%. 

Disolacement (cfm) = e , then 
. . 

acfm = Displacement (cfm) (V.E.) = (127) (.74) = 94.0 

3. Calculate MMSCFD to see if this comnressor will handle the desired flow of 
2.0 MMSCFD. 
Basis the formula: 



SCFD 
acfm = I44o X 

Base Pressure (PSIA) 
Suction Pressure (PSIA) 

x Suction Temperature (OR) 
Base Temperature (OR) 

then 

SCFD 14.65 540 - - - 
g4*o = 1440 ' 253.3 ' 520 

SCFD = (94.0) (1440) (253.3) (520) = 2 253 707 
(14.65) (540) 3 , 

4. Calculate compressor bhp basis actual flow of 2,253,707 SCFD. 
Using the formula: 

Comoressor bhp = (22) (Ratios/Stage) (No. of stages) (MMSCFD) 

Comoressor bhp = (22) (4.20) (1) (2.253) = 208.2 

5. Calculate frame load to see that it is less than the maximum allowable. 

Two additional pieces of information are required to make the frame load 
calculation. The two items are the area of the niston, and the cross-sectional area 
of the piston rod. From Exhibit H (Areas of Circles) it shows that the area of a 6" 
circle is 28.3 square inches, and the area of a 2.5" circle is 4.9 square inches. 
Having these two areas it is possible to use the formula: 

F.L. compression = Area of Piston X Discharqe Pressure (PSIA) - 
(Area of Piston-Area of Piston Rod) X Suction Pressure (PSIA) 

F.L. compression = (28.3) (1063.3) - (28.3 - 4.9) (253.3) = 24,164 lbs. 

F.L. tension = (Area of Piston-Area of Piston Rod) X Discharge Pressure (PSIA) - 
Area of Piston X Suction Pressure (PSIA) 

F.L. tension = (28.3 - 4.9) (1063.3) - (28.3) (253.3) = 17,713 lbs. 

Note: Both of these numbers should be positive to indicate that rod 
reversal is taking place. Havinn a rod reversal indicates that 
orooer lubrication is ocurring between the crosshead and cross- 
head oin. 

Seeing that the frame load in both comnression and tension is below 25,000 lbs. 
indicates that this compressor is acceptable for this particular apolication. 

A check of this simplified sizing method is included as Exhibit I. The same 
conditions as were used in the sample problem were run on the Comoressor Systems, Inc. 
computer, and the estimated performance from the comouter is very encouraging for 
using this simplified method. The data fed into the computer was as follows: 

1. Elevation. 

2. Gas analysis. 

3. Make of compressor. 

4. Model of comoressor. 

5. Number of stages of compression. 



a 

6. Number of cylinders. 

7. Cylinder diameter. 

8. Cylinder clearance. 

9. Suction temperature (OF). 

10. Suction pressure (PSIG). 

11. Discharge oressure (PSIG). 

A comparison of the comouter calculated performance with the simolified version 
discussed above is shown below: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

As 

Barometric pressure (PSIA) was 13.296 from the computer vs. 13.3 (PSIA) 
from Exhibit A. 

Discharge temperature (OF) was 255.5 from the computer vs. 271 from the 
nomogranh. 

The comoression ratio calculated by the computer was 4.1978 vs. 4.20 by hand. 

The volumetric efficiency was 71.25% from the computer vs. 74.0% from Exhibit 
E. 

Flow (capacity) was 2268 MSCFD or 2,268,OOO SCFD vs. 2,253,707 which was 
calculated by the simplified method. (Note, C.S. I .'s cornouter program is 
based on using compressibility which is a relationship involving the critical 
temperature and pressure of the gas stream and this accounts for some of the 
difference between the computer calculation and the simplified version. For 
record purposes, the critical temperature used was 381°R and the critical 
pressure was 670 PSIA.) 

Total brake horsepower from the computer was 196.0 as compared to the 208.2 
which was estimated from the simplified formula. 

The computed compression and tension rod loads were 24,145 lbs. and 17,682 
lbs., respectively. This compared to the estimated 24,164 lbs. and 17,713 
lbs., respectively. 

can be seen by the above comoarison, the simolified sizing/calculating method 
presented here is very reliable for Predicting horsepower and displacement for 
individual well compressors. If enough data is known about a particular compressor, a 
good prediction of estimated performance can be made for any given set of conditions. 
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2.5; Propane, 0.5x Iso-Uutane, 1 .22 Norm. Butane, 
0.5X Pentane, 0.5x llexanes +, 1 1.. 2Z Nitrogen, and 0.5% Carbon Dioxide 

EXHIBIT B 

GAS ~-____ 
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EXHIBIT D 
EXHIBIT C 
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(TAKEN FROM THE NGPSA ENGLNEER&-'&A BOOK) 



Estimated BHP To Compress Natural Gas 

EXHIBIT E 

COMPRESSOR HORSEPOWER SELECTtON CHART 



EXHIBIT F 

GAS GATHERING COMPRESSORS 

CUAVE OF c~~~~~~ vs VOLUMETRIC EFF'C'E"Cy 



EXHICI; G 

Dimensions and specifications 

Max. Approx. Gas 
weight, pipe, 

Appproximate overall dimensions 

elm 
.= r-----, 
PSI ~~ Mm Ibs. inches A- B C 

163 1500 675 12% 1 % 6’3% ” 4'.1 'A " l'-10" 

270 1350 675 1300 1 1% 6'.5% " 4'.1 'I'4 " I'-10" 

347 1350 675 1340 1 % 6'.6',," 4'-1 % " I'-10" 

462 1350- 675 1390 2 6'.7% " 4'-2% " I'-IO" 

736 1200 675 2135 3 6..8',2" 4'., 5/B " I'-10" 

106.0 3oom ~ 675 1615 3 6’?&’ 4'.0% " l'-IO" .~~ - ~~~ _~~ 

1500~ - 276 514 1610 1 'h 7'.3% " 

inches 

2% x 5 

3% x 5 

3% x 5 

4x5 

5x5 

6x5 

3% x 7 

4x7 460 1500 514 1700 2 7'.5 

5x7 77 4 1200 .-ji4C2445 3 7'.6 

5% x 7 946 1250 514 2670 3 6'.1 

6% x 7 1230 1250 514 2670 3 6'.1 ~- - 6X7 205 0 300 514 -~i220-3~ ---~~-, 

3% x 9 303 1500 450 

4x9 533 

4% x9 774 

51% x 9 1060 

6%x 9 1360 

7'Lx 9 1680 

8x9 230 0 

2610 1 M 7'.9p,, 4'-to',b" 3'.3" 

- 450 ~-2700 2 7'.lo",," 4 ' -1 l',,- - 3'-3" 

3250 3 8'.Oh " 4'.lo'/* " 3'-3" 

5'.0 7% " 3'3" 

450 

450 3670 3 

450 3670 

450 4320 

450 

-9x9 293 0 
10x9 363.0 

4 

3220 3 

550 450 4140 5 

150 450 3750 5 

5160 2 'A 4s x 11 730 1500 400 

5% x 1 1 1020 1400 

6x11 1360 1250 

6% x 11 161 0 800 

-7cx-, i---- -~ 202 0 800 

6X11 246 0 800 

9x11 3160 550 

9% x 11 353.0 550 400 5650 

10% x 11 433 0 550 400 

12x11 5660. 350 400 

14x11 7760 150 400 

400 5000 3 

400 5230 3 

-4, 00 5630 4 

41 DO 5830 4 

00 5630 4 41 

400 5650 5 
c 
_I 

5650 5 

6230 6 

-6580-~ 8 

..~5x13~~~~~ 84 5 1500 327 6500 2% 10'.7% " 6'.9%" 4'.5% " 

--~-6x13~~~1270 ~~ ~~~ 1250 327 6550 3 10'.4'/2 " 6'.7% " 4'-51% " 

7x13 1770 900 327 7040- 4 10'.4% " 6'2 I/a *I d'-51/n " 

-2510 550 327 7160 5 ,o'-3,,R,, ----I- -'" 6'.5% " ___ ‘l-5 1,. flz 8% x 13 

9% x 13 319 0 550 327 7160 5 10'.3% " 6'3 3/a " ‘t-51,. " 

11 x1: 3 4550 350 327 7500 6 t 0'.3" 6'.fi"~- 4'.5th If 

12x13 5440 350 327 7500 6 IO'.3" -6’.6” 4'.5% " 

14x13 7450 150 327 7950 8 IO'-6% " 6'.7% " 4'.5% " 

17x13 11050 100 327 moom a IO'-4% - 6'.6% " 4'-5% " 
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COB Axn DATA 

Areas of circles 
Diametera in Incha and Areaa in Square Inches 

Dia Area 
-- 

.019p7 

.04906 

: :it2 
.306791 
44176 
.6olSP! 
,7654 
994w 

1.997Q 
1 4840 
1 7671 
Q.0739 
P.406S 
9.7619 
5.1416 
s .5466 
s. 9761 
4.4301 
4.9067 
5.4110 
K.QSQ6 
6.4018 
7.0686 
7.6699 
8.6058 
0.9469 
9.6911 

IO. SPOI 
II.0447 
11.7933 
IP.b664 
13.3641 
14.166s 
18.OS.Y 
16.9043 
I6.6ooQ 
17.7906 
18.6655 
IR.RS5 
IO, 6QQ 
II .6476 
IQ. 6907 
13 75RS 
I4.8605 
lb, 9673 
27.1086 
L8 9744 
29.4648 
so 6797 
Sl QIOI 
~3.l831 
34.4717 
96.7848 
57 lW4 
98 4846 
so 6713 

Dia Area 

36: :z 
47 1731 
48.7071 
bO.Qdb6 
51.8487 
53 4w3 
55 ow4 
66.7461 
ea.4964 
60.13QQ 
61.6665 
63.6174 
65.3968 
67 PO08 
6Q. 00.93 
70. BBQS 
79.7698 
74 6691 
76.6888 
78.54 
80.5158 
89.6161 
84.6409 
86.6903 
88 6643 
90.7698 
DQ .6868 
Ob.0334 
97.9055 
99.404!? 

101.6134 
103.8691 
106.13D4 
108.4343 
110.7537 
llS.ODR 
116.466 
117 859 
190 977 
1PP.719 
195 186 
197.677 
130.19Q 
lsP.:ss 
135 PO7 
137 387 
l&O 501 
143 139 
143 909 
143.49 
151.904 
153.938 
156 7 
159.485 
16S.Q96 
165 13 
167.99 
170 874 

I 
Xa Area 
-- 

w 173.76P 
5 176.715 

y :2z 
g 185.661 

# EE 
% 194 BP8 
w 197 933 

b 901 066 
)/s !zO4.616 
% 607.396 
% 910.608 
$$ Q13.8Q5 
M 617.077 
% QQO. 354 
w QQS. 655 

7 446.981 
% P30.331 

i is::“08 
$4 640 508 
6% 943.977 
x 947 46 
T/a P50.948 

9 es4 .47 
M 258 016 

4 g:::g 

i4 Q68.803 
H 373.448 
1% 976.117 
74 f79.811 

P 983.6QQ 
M 907 670 

ii Qo1.04 Q94.839 
$4 298.648 
6b 309.489 

it 306.355 310 245 
0 314 I6 

% 300.063 

t? 330.064 .4 ssa 164 
I 346 361 

g 354.637 
y 36S.051 
‘A 371.543 

2 360 134 
Y 333.394 
!i 397 609 
'4 406.494 

3 415.477 

g t:: :",; 
% 443.015 

4 459.59 
% 461.864 

Dial Area -- 
Is 490.871 

% 500.749 
$4 510.706 
% 560.769 

t6 d30.93 
% 541.19 

!7 57P.d57 
% 583 PO> 
vj 893 060 

I9 660.591 

‘A 695. IQ8 
lo ioe. 86 

5 713.69 

$2 
730 618 
743.645 

11 764.769 
w 766 990 

;1? :;;.“:; 
I2,I 804, z5 

5 
816 866 

k 
LIP0 579 
843 SD1 

I3 855 301 
% ,908 309 

I4 907 040 
!i QQI SQ3 

E ii;: ",;' 

15" 960 I15 

6 g75 gog 989 9 
k 1009.79 

I6 1017 876 
M 1039 OR.5 
) lO4R Y49 
!d 1060 734 

I7 1075 ?I3 
w 1039 799 
$4 1104 469 
1% 1119 <+4 

18 1134 11R 
'4 1149 06D 
% 1164 16Q 
fr' 1179 347 

19 1194 593 

Dia Area 
--- 

% lPoQ.05 
>4 lPO5.4P 
‘4 1940.98 

IO 1656.64 
fi y:;; 

% 1304.90 
I1 lSPO.!2I 

E ;:;m:g 

L2 N :itaa:: 
% 1401.09 
$4 1416.63 
% 1436.37 

13 146Q.P 
% 1469.14 
$4 1466.17 
?I 1503.3 

I4 15QO.63 
,q 1637.86 
!r$ 1566.39 
‘A 1573.81 

15 1590.43 
34 1606.16 
54 lW5 97 
74 1643.89 

I6 I661 .Ol 
% 1680 09 
% 1696.QS 
?d 1716.64 

I7 1734.96 
% 1753.46 
!-$ 177Q 06 
?i 1790.76 

I8 IROO se 
?< 16QB 46 
$4 1847 46 
% 1366 56 

19 1885.75 
% 1905.04 
b$ 1904 43 
‘4 1943 01 

10 1963.5 
5-i 1083.18 
54 QOOQ.97 
fi ?OQQ .!36 

il ?!NQ.83 
ti QO6Q 9 
9; YOP.3 08 
‘r/ ?103.36 

i2 ilQS.iP 
% Qlt4.19 
‘4 2164.76 
‘4 018b.4Q 

13 QQO6 19 
?4 YLQ7.05 
% QQ48.01 
'A QQbQ.07 

EXHIRIT I 

EXHIBIT H 


