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Mathematical modeling of a screw
compressor used in gas processing

ABSTRACT

Propane gas is used in gas treatment operations in a way due to its
cooling properties that are used to cool the gas and separate the
gaseous compounds from each other depending on their physical
properties.

The development of the propane gas refrigeration unit needs to
study and develop each of its components, and in this research, we
will focus on studying the screw compressor used in the natural gas
refrigeration unit. In order to be able to study it, we will use
mathematical modeling that aims to find a mathematical description
of the studied system and study the dynamic behavior of this system
in order to improve its performance. Mathematical modeling is used
in order to save time and cost when improving and developing
products or in the case of creating new products through simulation
that eliminates the need Expensive and time consuming test stations.
It also helps us clarify physical phenomena or undesirable
influences and enables us to specify the exact parameters required
when designing.

The main function of the compressors used in the refrigeration unit
IS to increase the pressure of propane gas. In this research, we will
model the screw compressor to calculate the change of volume and
solve this model using MATLAB program.

Keywords: natural gas refrigeration unit, screw compressor,
Mathematic Modeling, MATLAB.
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Area Alll:

To

Prow = arccos
-"n

Pup=0
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Plow = —@P1 — @5
Pup = —@1— 2.a9 + @5
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%%% volume curve building
$%% calculation of dvV/dphil and cavity geometrical moment
for suction
moment m s(l) = moment slice m s(1);
moment f s (1) = moment slice f s(1);

fsuck(l) = fs(1);

for i=2:1:floor((thaulz + 2*pi/ml + alpha + Dbeta) *
180/pi+l) S%changed starting angle from 1 to 2 and added
ending angle to +1

phil = (i-1) * pi /180 - Dbeta; %%% turning angle of the
male rotor in radians, when i=0 formation of closed volume
is begining (phil=-beta)

phild (i) = (i-1) - betad;

if ((phil >= -beta) && (phil < (2*pi/ml + alpha)))
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fsuck (i) = fs(1);
moment m s (i) = moment m s(i-1) + moment slice m s (i);
moment f s(i) = moment f s(i-1) + moment slice f s(i);
end

if ((phil >= (2*pi/ml + alpha)) && (phil <= (thaulz -
beta)))

fsuck (i) = £f01 + £02;

moment m s (i) = moment m s (i-1);

moment f s(i) = moment f s(i-1);

end

if ((phil > (thaulz - beta)) && (phil < (thaulz + 2*pi/ml
+ alpha)))

fsuck (i) = £01 + £02 - fs(i - thaulzd);

moment m s (i) = moment m s (i-1) - moment slice m s(i-
thaulzd) ;

moment f s(i) = moment f s(i-1) - moment slice f s(i-
thaulzd) ;

end

dv_dphilsuck (i) = L / thaulz * fsuck(1i);
end

%$%% volume calculation for suction

(£01 + £02);

- % c

Vsuck (1) = 0;
zzal (thaulz + 2*pi/ml + alpha + beta) * 180/pi+l);
zza2 = ((thaulz + 2*pi/ml + beta)*180/pi+l);

(
(

for i = 2:1:floor((thaulz + 2*pi/ml + alpha + beta) *
1

= (i-1) * pi /180 - beta;

Vsuck (i) = Vsuck(i-1) 4+ L / thaulzd * 0.5 * (fsuck(i-1) +
fsuck(i)); %$%% volume integration

end

%$%% calculation of dV/dphil and cavity geometrical moment
for compression

moment m c(1l) = moment_slice_m(l);

moment f c(1) = moment_slice_f(l);

fcomp(l) = £(1);

for 1 = 2:1:floor((thaulz + 2*pi/ml + Dbeta)*180/pi+l)

$changed starting angle from 0 to 2 and added ending angle
to +1
phil = (i-1) * pi /180 - beta; %%% turning angle of the
male rotor in radians, when i=0 compression begins (phil=-
beta)

phild(i) = (i-1) - betad;

if ((phil >= -beta) && (phil < (2*pi/ml)))

fcomp (i) = f£(i);

moment m c(i) = moment m c(i-1) + moment slice m(i);
moment f c(i) = moment f c(i-1) + moment slice f(i);
end
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if ((phil >= (2*pi/ml)) && (phil < (thaulz - beta)))
fcomp (i) = 0;

moment m c(i) = moment m c(i-1);

moment f c (i) moment f c(i-1);

end

if ((phil >= (thaulz - beta)) && (phil < (thaulz +
2*pi/ml+2)))

fcomp (i) = £01 + £02 - f£(i - thaulzd);

moment m c (i) = moment m c(i-1) - moment slice m(i-
thaulzd) ;

moment f c (i) = moment f c(i-1) - moment slice f(i-
thaulzd) ;

end

dV_dphilcomp (i) = -Vt / thaulz + L / thaulz * fcomp (i);
end

%%% volume calculation for compression
Vecomp (1) = Vt; %SVt = max volume

for i = 2:1:floor((thaulz + 2*pi/ml + beta) * 180/pi+l)

$changed starting angle from 1 to 2 and added ending angle
to +1

phil = 1 * pi /180 - beta;

Vcomp (i) = Vcomp(i-1) - Vt / thaulzd + L / thaulzd * 0.5 *
(fcomp (i-1) + fcomp(i));

end

%%% dvV/dphil and cavity geometrical moment for complete
working cycle

for i = 1:1l:floor((2*pi + thaulz + 2*pi/ml + Dbeta) *
180/pi+l) %changed starting angle from 0 to 1 and added
ending angle to +1

phil = (i-1) * pi /180 - beta;

if ((phil < (2*pi - beta)) && (phil < (thaulz + 2*pi/ml +
alpha))) %%% suction

dv_dphil (i) = dv_dphilsuck(i);

moment m(i) = moment m s(i);

moment f (i) = moment f s(i);

end

if ((phil >= (thaulz + 2*pi/ml + alpha)) && (phil <= (2*pi
- beta))) %%% suction is finished, but compression is not
begun

dv_dphil (i) = 0;

moment m(i) = 0;

moment f (i) = 0;

end

if ((phil >= (2*pi - beta)) && (phil <= (thaulz + 2*pi/ml
+ alpha))) %%% simultaneous suction and compression
dv_dphil (i) = dV_dphilsuck(i) + dV_dphilcomp (i - 360);
moment m(i) = moment m s (i) + moment m c(i - 360);
moment f (i) = moment f s(i) + moment f c(i - 360);

end
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if ((phil > (2*pi - beta)) && (phil > (thaulz + 2*pi/ml +
alpha))) %%% compression

dv_dphil (i) = dVv_dphilcomp (i - 360);

moment m(i) = moment m c(i - 360);

moment f (i) = moment f c(i - 360);

end

end

%%% volume calculation for complete working cycle
Vmax = 0;

aml = ((2*pi + thaulz + 2*pi/ml + beta) * 180/pi+l);

am2 = thaulz + 2*pi/ml + alpha;

am3 2*pi - beta;

am4 thaulz + 2*pi/ml + alpha;

am5 = thaulz + 2*pi/ml + alpha;

for 1 = 1:1:floor((2*pi + thaulz + 2*pi/ml + beta) *
180/pi+l) S%changed starting angle from 0 to 1 and added
ending angle to +1

phil = (i-1) * pi /180 - beta;

phil out (i) = (i-1)-ceil(beta*180/pi); %(i-1) * pi /180 -
beta;

if ((phil < (2*pi - beta)) && (phil < (thaulz + 2*pi/ml +
alpha))) %%% suction

V(i) = Vsuck(i);

end

if ((phil >= (thaulz + 2*pi/ml + alpha)) && (phil <= (2*pi
- beta))) %%% suction 1is finished, but compression 1is not
begun

V(i) = Vt;

end

if ((phil >= (2*pi - beta)) && (phil <= (thaulz + 2*pi/ml
+ alpha))) %%% simultaneous suction and compression

V(i) = Vsuck (i) + Vcomp(i-360) - Vt;

end

if ((phil > (2*pi - beta)) && (phil > (thaulz + 2*pi/ml +
alpha))) %%% compression

V(i) = Vcomp (i-360);

end

if (V(i) > Vmax)

Vmax = V(i); %%% maximal cavity volume

end

if (V(i) < 0)

V(i) = 0;

end

end

%V is the complete volume curve

$Vcomp is the volume curve during compression
$Vsuck is the volume curve during suction

end of volume curve building

%%% Discharge port cross sectional area

o

o\°

o
o

o\°
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Vd = Vmax / epsilonv;

%%% epsilonv is built-in volume ratio.

%%% Vd = discharge volume

$%% transfer Dbeta from radians (double) to degrees
(integer)

if ((beta * 180/pi - floor(beta * 180/pi)) < (ceil (beta *
180/pi) - beta * 180/pi))

betad = floor (beta * 180/pi)
else

betad = ceil (beta * 180/pi);
end

%%% determination of compression angle
id = 360;

for 1 = 36l:1:floor((2*pi + thaulz + 2*pi/ml + Dbeta) *
180/pi)

if abs(V(i) - Vd) < abs(V(id) - vd)
id =i;

end
end

philcd = id - 360 - betad;

if (philcd > thaulzd)

philcd = thaulzd;

end

alphacd = thaulzd - philcd;

alphac = alphacd * pi / 180.0; %%% transfer into radians
Rcl = sgrt(A"2 + r2h"2 - 2 * A * r2h * cos(i21 * tcallow));
%%% radius OC1l

xcl = A * cos(tcallow - thetal) - r2h * cos(k * tcallow -
thetal); %$%% x-coord of point C1

%%% discharge window segments on the male rotor side
11f1 w = 11£f1;

f1dl w f1d1;
pOolcls = acos((A"2 - R2"2 + Rcl”2) / (2 * A * Rcl)); %
angle between p0 and Cls

for i = l:1l:alphacd + 360/ml+1

phil = (i-1) * pi /180 - alphac; %%% turning angle of the
male rotor in radians (coordinate system with center at the
discharge end), when i=0 phil = -alphac, discharge begins

o°
o°

$%% female rotor segments

12i2 = L2I2 (tli2low, tli2up, geometry, phil);
i2a2 = IZAZ (psiia2low, psiiaZup, geometry, phil);
a2d2 = A2D2 __(psiad2low, psiad2up, geometry, phil);
d2f2 = D2F2 (tdf2low, tdf2up, geometry, phil);
f212 = F2L2 (psifl2low, psifl2up, geometry, phil);

%%% female rotor segments for second tooth
12i2 s = L2I2 s (tli2low, tli2up, geometry, phil);
2a2 s = I2A2 S(psiia2low, psiiaZup, geometry, phil);
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az2d2_s = A2D2 S (psiad2low, psiad2up, geometry, phil);
d2f2_s D2F2 S (tdf2low, tdf2up, geometry, phil);
f212 s = F2L2 S(psifl2low, psiflZup, geometry, phil);

%%% segment dlwdls

tdlwdlslow = alphac;

tdlwdlsup = -phil + 2*pi/ml;

dlwdls = D1D1S (tdlwdlslow, tdlwdlsup, geometry);

$%% segment 12si2w

tl2si2wlow = -phil * 121 + 2*pi/m2 + thetad4 + thetab6;
tl2si2wup = alphac * 121 + theta4d + 2*alpha0 * i21 -
thetab6;

12si2w = L2SH (tl2siZwlow, tl2si2wup, geometry);

$% segment a2d2 w
az2d2 w = A2D2 W(psiad2low, psiad2up, geometry, alphac);

%%% segment haZls

tha2slow = acos((A™2 + r2h”2 - R1"2) / (2 * A * r2h));
tha2sup = -i21 * phil - theta3 + 2*pi/m2;

ha2s = HA2S (thaZslow, tha2sup, geometry);

if ((phil >= -alphac) && (phil < (-alphac + 2*pi/ml))) %%%
if ((phil >= -alphac + thetal + theta2) && (phil < (-
alphac + thetal + theta2 + 2 * thetab))) %%% stage 5

psiz2 = 0.01;%%%fzero (@ (x) G5W (x,geometry, phil,
alphac), [psifl2up,pi/2]);
psiz2w=psiz2;

i2z2 w = I2A2 W(psiia2low, psiz2w, geometry, phil);

z212 s = F2L2 S(psiz2, psifl2up, geometry, phil);

b = 0.5 * (dlzl + z1dl w + dlwdls + 1i2z2 w + z212 s +

12si2w);

end

if (phil >= (-alphac + thetal + theta2 + 2 * thetab)) %%%
stage 6.1

b =0.5* (dlzl + z1dl w + dlwdls);

end

end

end

if (phil >= (-alphac + 2*pi/ml)) %%% after point Dls
intersects point dlw

b = 0;

end

if (tha2sup >= thaZ2slow) %%% until point A2s intersects
point H
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c=0;

end

if ((tha2sup < tha2slow) && (phil <= (2*pi/ml))) %%%
stages 6.2 - 9

%%% numerical solution for psiz2

i;

tl = psiad2up;

tu psiad2low;

flag = 0;

while flag ==

t= 0.5*(tl+tu);

if G6W(t,geometry,phil) *G6W (tl,geometry,phil)<0 && abs(t-
£1)<0.00001

flag =1;

elseif G6W (t,geometry,phil) *G6W (t1l, geometry,phil) <0 &&
abs (t-t1)>0.00001

tu =t;

elseif G6W (t,geometry,phil) *G6W (tl,geometry,phil) >0 &&
abs (tu-t)<0.00001

flag =1;

else

tl=t;

end

end

psiz2 = t; % result of solution

xz2 = A * cos(phil) - r2h * cos(2*pi/m2 - k * phil) + r *
cos (psiz2 + 2*pi/m2 - k * phil);

tz2w = acos(xz2 / R1l) - phil;

z2wh = D1D1S (tz2w, beta, geometry);

a2sz2 = A2D2 S(psiad2low, psiz2,geometry, phil);

if (phil <= (2*pi/ml - acos(xcl / Rcl) - pOolcls)) %%%
stage 6.2

c = 0.5 * (z2wh + ha2s + a2sz2);

end

if ((phil > (2*pi/ml - acos(xcl / Rcl) - pOolcls)) &&
(phil <= (2*pi/ml))) %%% stages 7-9

if (phil <= (2*pi/ml - beta))

000

%%% numerical solution for psinl on stages 7-8

psinl = fminbnd (@ (x) G7TNW (x,geometry,
phil) ,psidcllow, psidclup) ;
tnw = asin((-A * sin(phil) + rlh * sin(2*pi/ml) - r *

sin(psinl - 2*pi/ml)) / r2h) + phil;

hnw = HA2S (thaZslow, tnw, geometry);

nlcls = DICl1 (psinl, psidclup, geometry);
end

if (phil <= (2*pi/ml - thetal)) %%% stage 7
%$%% numerical solution for tz 1
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tz 1 = fminbnd (@ (x) G7ZW (x, geometry,
phil), tcalup, tcallow) ;
tzlw = asin(-A / r2h * (sin(phil) - sin(tz 1 - thetal +
2*pi/ml)) - sin(k * tz 1 - thetal + 2*pi/ml)) + phil;

clszl = CIlAl (tcallow, tz 1,geometry);

zlwa2s = HA2S (tzlw, thaZsup, geometry);

c =0.5* (z2wh + hnw + nlcls + clszl + zlwa2s + a2sz2);

else

%%% numerical solution for tz 1

tz 1 = 0.09;%% fzero (@ (x) G5 (x,psiad2low, geometry,
phil), [tcalup, tcallow]) ;

clzl = CIlAl (tcallow, tz 1,geometry);

if (phil <= (2*pi/ml - beta)) %%% stage 8

c = 0.5 * (z2wh + hnw + nlcls + clszl + a2sz2);

else %%% stage 9

z2wdls = D1D1S_ (tz2w, (2*pi/ml - phil),geometry):;

c = 0.5 * (z2wdls + dlcl + clzl + a2sz2);

end

end

end

end

fc(i) = b + c;

fc(alphacd + 360/ml) = 0;
end

for 1 = 1:1:floor(thaulzd + 360/ml - philcd)%%% discharge
port area

if ((i-1 + philcd - thaulzd + betad) < 0)

fd(i) = f01 + f02 - fc(1i);
else
fd(i) = f£(i + philcd - thaulzd + betad) - fc(i); %%%

equation (2) chapter "Discharge flow..."
if (£d(i) < 0)

fd (i) =0;
end
end
end
%%% Torque ratio
phil = 0;
d2h = D1D1S_ (0, beta,geometry);

tf2 theta4 + thetab;

h f2 = HA2S (thaZslow, tf2,geometry);

f2d2 = -D2F2 (tdf2low, tdf2up,geometry,phil);

fh = 0.5 * (d2h_ + h f2 + £2d2);

%$%% torque ratio female/male

torque ratio = il12 * (fh / (fh + £01 + £02));

%%% female rotor cavity area calculation according to Sakun
equations (352), (359.2) for selfconfidence

phif = i21 * acos((A"2 + R1"2 - r2h"2)/(2 * A * R1));
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f02Sakun = r2h"2/2 * (0.5*r"2/r2h"2*(pi - theta3) + theta3

- sin (theta3l) + A"2/r2h"2* (phif - sin(phif))
R17"2*M/r2h"2*phif - A*R1/r2h”2* (1 + 2*i21)*sin(il2*phif)
A*R1/r2h"2*sin (M*phif)- A/r2h*sin(theta4) +  theta4)
0.5* (theta3 +thetad)* (R2"2 - r2h"2);

%% —————- geometrical moment output---------

integral moment m = 0;

integral moment f = 0;

integral moment cavity = 0;

for 1 = 1:1:floor((2*pi + thaulz + 2*pi/ml + beta)
180/pi+1)

integral moment m = integral moment m + moment m(i);
integral moment f integral moment f + moment f(i);

integral moment cavity = integral moment cavity
(moment m(i) + 121 * moment f(i));
end

integral moment m = integral moment m / (i + 1);
integral moment f = integral moment f / (i + 1);

integral moment cavity = integral moment cavity / (i + 1);

%%% complete working cycle

for 1 = 2:1:floor((2*pi + thaulz + 2*pi/ml + beta)
180/pi+2);
phil = (i-1) * pi /180 - beta;

%%save (filename)
dv_dphil = dV_dphil * 1le-9; %%% transfer into m"3
imax = length(dV _dphil);%i - 1;
i=1;
Vmax =
iVmax =
vV =V *
while (
if (V(
Vmax = ;
iVmax = i; %%% when 1 = iVmax, compression begins
end
i=i+1;
end
%%% Suction port area
ftotal fs(length(fs)); %maximum area suction port?
phil = floor (-betad) :1:1length(V)-ceil (betad)-1;
for 1 = 1:1:imax

if (phil (i) <= 0)
fs(i) = 0;

end

if i > length(fs)
fs (i) ftotal;
end

if ((1 > (iVmax - 360/ml)) && (i <= iVmax))
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fs (i) =ftotal * (iVmax - 1) / (360/ml);

end

if (1 > iVmax)
fs(i) = 0;
end
end

$%% Discharge port area
i1l = length(£fd);
il = i1 - 1;
for 1 = imax:-1:1
if (11 >= 1)
fd(i) = f£d(il);
else
fd(i) = 0;
end
il = i1 - 1;
end
x = [1:786];
plot(x,V);
hold on
plot(x, £s)
plot (x, £d)
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Developing Suggestion of Commands in
the Auto-Driving system ADAS

Abstract

The aim of the research is to present a technique that works on
prediction using image processing to predict the future path of the
objects in the video frames according to the steps of recognizing
moving objects and identifying them with a frame, then
determining the direction of their movement by estimating the
movement and giving suggestions of speed, direction and danger,
then comparing the results of this algorithm with the other
techniques that adopt image processing and the techniques that
adopt on neural networks and improve some basic parameters such
as execution time, predicted path accuracy, and possible prediction
distance.

The research concluded that the proposed algorithm had a lower
execution time and with higher accuracy and it was better than
other algorithm in terms of number of cases of risk, as we were able
to solve the problem of changing road conditions (pedestrian path
...) by applying the technique of masking within the image, and the
proposed algorithm does not need any modifications when
changing the position of the camera or changing The site in general
while neural networks will need retraining

Thus, a simple, practical, and suitable algorithm for real-time
work was presented to suggest commands in the ADAS
autonomous driving system.

Keywords: Self-Driving, Motion Detection, Motion Estimation,

Motion Trajectory Prediction.
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Abstract:

In this research, a new design was developed for a single-grain planter
mounted on an agricultural tractor for maize, where a complete
mathematical study of the machine was conducted through which the
forces and reactions at the suspension points were analyzed, and the static
forces affecting the machine were analyzed to determine the value of the
pulling and lifting force that reached their sum F=6397.17 N. A
mathematical study was also conducted to calculate the number of
grooves on the metering disk according to the design requirements, where
the number of grooves was 16 grooves at 0.2 m seeding distances and 13
grooves at 0.25 m seeding distances. suggestion have been made for
future computer simulation for affecting forces and for planter
fabrication. An engineering simulation of active components has been
carried out by inclusion of the affecting external forces values and
properties based on the results of the mathematical study« the mechanical
response has been analyzed by computing the factor of safety and the Von
Mises stresses distribution. The results showed the possibility of
proceeding with implementation of the current prototype according to the
created dimensions.

Key words: single-seed planter — drilling machine — agricultural

mechanization — mechanical design.
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Time ta complete meshihh:mm:zg] | 00:00:19
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Studying the effectiveness of rebuilding
the electrical network to feed the city
using the gradient method

Abstract
Due to the increasing electrical loads and the developments that
occur in them, there is a need to rebuild cities’ supply networks,
and as one of the most effective methods for developing existing
cities’ feeding networks with a voltage of 6kV, for example, it is
possible to use the so-called deep commitment system, which has
several advantages compared to increasing the conductors’ sections
or building lines Extra transmission with the same nominal voltage.
The practical importance of the research is to benefit from its
results when studying the possibilities of developing the electrical
network used to feed the city for the same nominal effort used or
for a higher nominal effort than the used effort, especially for the
Syrian Arab Republic in the stage of reconstruction. To solve the
problem presented in the context of the research, the methodology
of technical-economic calculations was used, according to the
following methods: the gradient method. The economic areas have
been established for the appropriate and logical use of the nominal
voltages 6, 20, 66, 230kV, which characterize the electrical
distribution network in the Syrian Arab Republic. The costs of the
electrical equipment in the electrical transmission stations were also
taken into account, which led to an increase in the section of the
conductors by [4.04-6.11] times, and thus a decrease in electrical
energy losses when transported, and this is what must be paid
attention to when designing the electric transmission system.

Key words: rebuilding of the electrical network, deep
commitment system, the gradient method, development of the
electrical network, growth or increase of electrical loads
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dU 0.084 | 0.0038
dz,\"" - -
<_) 0.0099 0.013 | 0.026 | 0.036
dF 0.017 0.0016
AU®MD 0.98 | 0.716 3 -4 -4.98 | -1.99
AF=D 1 0.202] 1.98 | 0.48 | -0.24 | -0.39 | -1.169
\gradz,| |0.085| 0.01 | 0.01 | 0.21 | 0.333 | 0.426
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