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Chitchai Jarunratanakul 2009: Prediction of Compressor Performance Map by using
Neural Network and Beta Line. Master of Engineering (Aerospace Engineering), Major
Field: Aerospace Engineering, Department of Aerospace Engineering. Thesis Advisor:

Assistant Professor Anurak Atthasit, Ph.D. 81 pages.

The predictions of compressor properties are necessary such as unknown mass flow rate
and pressure ratio relation. These predictions are important to evaluate the efficiency of gas
turbine, thus the compressor function in each round speeds are unable to interpolate. The non-
linear problem is a principal cause. On the top of that, it is non-function curve which its curve
gives more than one output for one input. In compressor map, this problem is always founded in
highest mass flow rate of each round speeds. In effect, there are varies of pressure ratio values by

only one mass flow rate value.

The Artificial Neural-network in type back-propagation (BP) of Levenberg-Maquardt
was studied in this research to predict compressor performance characteristics. In particular,
neural network in type BP is capable to reproduce possible outputs for new inputs for unknown
relation functions. The non-linear data is also capable to reproduce. However, Neural-network in
type BP is insufficient in case of non-function data. Thus, Beta-line is represented in this research
to remove non-function problem for Neural-network. The objective of this study is to investigate

the prediction method for non-linear and non-function data.

The Combination of Neural-network with Beta-line is studied to enhance accuracy of
compressor maps prediction. This research’s objective is to define a Neural —-network model
which enable with a variety of compressor maps. Moreover, Beta-line is helping to enhance the
corrective trend prediction of Neural-network which supports to similarity of prediction’s curve

and smoother curve for compressor maps.
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Real Data Prediction Data

Mass flow rate Pressure ratio Mass flow rate Pressure ratio Error
70 3.08 70 3.0733 0.0067
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80 2.9 80 2.9271 0.0271

85 2.62 85 2.5827 0.0373

MSE =| 0.0239
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Real Data Prediction Data

Mass flow rate Pressure ratio Mass flow rate Pressure ratio Error
38 2.08 38 2.0883 0.0083
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50 2.03 50 2.0507 0.0207
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Real Data Prediction Data

Mass flow rate Pressure ratio Mass flow rate Pressure ratio Error
25 1.44 24.99 1.3419 0.0981

30 1.43 29.948 1.325 0.105

35 1.42 34.999 1.3005 0.1195

40 1.4 40 1.2577 0.1423

45 1.32 45 1.1925 0.1275
MSE =| 0.11848
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Prediction of Neural Network and Beta Line (T66 - 94,900 RPM)
Adding Surge and MF = 65 as data
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Prediction of Neural Network and Beta Line (T66 - 94,900 RPM)
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Prediction of Neural Network and Beta Line (T66 - 94,900 RPM)
Adding Choke as data
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Prediction of Neural Network and Beta Line (T66 - 94,900 RPM)
Adding Choke and MF = 65 as data
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a v

fawd Iag MatLab6.0
1. Main.m

%Option NM5UsTMAALLUTTHA Global
global glrMaxPR;

global glrMaxMF;

global glrMaxSpeed;

global network1;

global glrsurgeangle;

global glrMaxradius;

global glrMaxBeta;

%Read Input from outside ﬂTiﬁﬂ’i‘Llﬂ!LWa'Q"lgl}@ﬂLE!WMﬂ Excel Liag ﬁmumauﬁﬁ’mmaﬁmw
Dataln = xlIsread('"ExcelF', Datal’);

R1sim =35900;

R2sim = 45100;

R3sim = 55300;

R4sim = 65200;

R5sim = 74600,

R6sim = 95300;

R7sim = 85200;

Resolution = 50; % $1uaugalu 1 1idundesmsiueg

A g9 S

Degl = 0; % yuisuaunazizunuelunsting Beta
B

De

= o

dd‘d
Deg2=5;% HNﬁuﬁﬂﬂ%%ﬂTUTﬂﬂluﬂimﬂﬂJ

Q

eta

9 v
%Reset Variable ﬂ"lﬁ@]\?ﬂ'llillﬁ}um@\‘iﬁ’lllﬂi
glrMaxSpeed = 0;
glrMaxMF = 0;

glrMaxPR = 0;



glrMaxBeta = 0;

glrMaxradius = 0;

%Declare Network M31/5zmia Tnseds 1wieaulsganiioy
networkl = newff([0 1;0 11,[7 7 7 1],{'logsig' logsig' 'logsig' 'logsig'}, 'trainLm','learnGDM");
network1.trainParam.epochs = 1000;

network1.trainParam.goal = 0.00001;

%Transform Co-ordination N1511/a8UsLUUNNA
mtSphere = Dataln;

mtSphere = pToSphere(Dataln);
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%Take MAX-Value of Beta 1A UA11/5d 145U 31613 031971 Normalize
[im,in] = size(mtSphere);
fori=1:im
if mtSphere(i,4) > glrMaxBeta
glrMaxBeta = mtSphere(i,4);
end
end
fori=1:im
if mtSphere(i,7) > glrMaxBeta
glrMaxBeta = mtSphere(i,7);
end
end
fori=1:im
if mtSphere(i,10) > glrMaxBeta
glrMaxBeta = mtSphere(i,10);
end
end
fori=1:im
if mtSphere(i,13) > glrMaxBeta
glrMaxBeta = mtSphere(i,13);
end
end
fori=1:im
if mtSphere(i,16) > glrMaxBeta
glrMaxBeta = mtSphere(i,16);
end
end
fori=1:im
if mtSphere(i,19) > glrMaxBeta
glrMaxBeta = mtSphere(i,19);

end
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end
fori=1:im
if mtSphere(i,22) > glrMaxBeta
glrMaxBeta = mtSphere(i,22);
end

end

%Take MAX-Value of Radius udlsdmsumseeni Normalize
[im,in] = size(mtSphere);
fori=1:im
if mtSphere(i,6) > glrMaxradius
glrMaxradius = mtSphere(i,6);
end
end
fori=1:im
if mtSphere(i,9) > glrMaxradius
glrMaxradius = mtSphere(i,9);
end
end
fori=1:im
if mtSphere(i,12) > glrMaxradius
glrMaxradius = mtSphere(i,12);
end
end
fori=1:im
if mtSphere(i,15) > glrMaxradius
glrMaxradius = mtSphere(i,15);
end
end
fori=1:im

if mtSphere(i,18) > glrMaxradius



glrtMaxradius = mtSphere(i, 18);
end
end
fori=1:im
if mtSphere(i,21) > glrMaxradius
glrMaxradius = mtSphere(i,21);
end
end
fori=1:im
if mtSphere(i,24) > glrMaxradius
glrMaxradius = mtSphere(i,24);
end

end

%Take MAX-Value of Speed 1AUA1/5d115UM 3163 8341 Normalize

if mtSphere(1,5) > glrMaxSpeed
glrMaxSpeed = mtSphere(1,5);

end

if mtSphere(1,8) > glrMaxSpeed
glrMaxSpeed = mtSphere(1,8);

end

if mtSphere(1,11) > glrMaxSpeed
glrMaxSpeed = mtSphere(1,11);

end

if mtSphere(1,14) > glrMaxSpeed
glrMaxSpeed = mtSphere(1,14);

end

if mtSphere(1,17) > glrMaxSpeed
glrMaxSpeed = mtSphere(1,17);

end

if mtSphere(1,20) > glrMaxSpeed
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glrtMaxSpeed = mtSphere(1,20);
end
if mtSphere(1,23) > glrMaxSpeed
glrtMaxSpeed = mtSphere(1,23);

end

%Normalize NM3911 Normalize

mtNormalize = mtSphere;

mtNormalize(:,4) = mtSphere(:,4);%/glrMaxBeta;
mtNormalize(:,7) = mtSphere(:,7);%/glrMaxBeta;
mtNormalize(:,10) = mtSphere(:,10);%/glrMaxBeta;
mtNormalize(:,13) = mtSphere(:,13);%/glrMaxBeta;
mtNormalize(:,16) = mtSphere(:,16);%/glrMaxBeta;
mtNormalize(:,19) = mtSphere(:,19);%/glrMaxBeta;

mtNormalize(:,22) = mtSphere(:,22);%/glrMaxBeta;

mtNormalize(:,6) = mtSphere(:,6)/glrMaxradius;
mtNormalize(:,9) = mtSphere(:,9)/glrMaxradius;
mtNormalize(:,12) = mtSphere(:,12)/glrMaxradius;
mtNormalize(:,15) = mtSphere(:,15)/glrMaxradius;
mtNormalize(:,18) = mtSphere(:,18)/glrMaxradius;
mtNormalize(:,21) = mtSphere(:,21)/glrMaxradius;

mtNormalize(:,24) = mtSphere(:,24)/glrMaxradius;
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mtNormalize(:,5) = mtSphere(:,5)/glrMaxSpeed;
mtNormalize(:,8) = mtSphere(:,8)/glrMaxSpeed;
mtNormalize(:,11) = mtSphere(:,11)/glrMaxSpeed;
mtNormalize(:,14) = mtSphere(:,14)/glrMaxSpeed;
mtNormalize(:,17) = mtSphere(:,17)/glrMaxSpeed;
mtNormalize(:,20) = mtSphere(:,20)/glrMaxSpeed;

mtNormalize(:,23) = mtSphere(:,23)/glrMaxSpeed;

74



%Separate Beta,Radius and Speed N13 IANITIZVY Matrix
alrbeta = [2,140];
alrrad = [140];

alrbeta(1,1:20) = mtNormalize(1:20,4);
alrbeta(2,1:20) = mtNormalize(1:20,5);
alrrad(1:20) = mtNormalize(1:20,6);
b = true;
fori=1:20
if ~((alrbeta(1,i) > 0) | (alrbeta(1,i) <= 0)) & b
ib=1;
b = false;
end

end

alrbeta(1,ib:ib+19) = mtNormalize(1:20,7);
alrbeta(2,ib:ib+19) = mtNormalize(1:20,8);
alrrad(ib:ib+19) = mtNormalize(1:20,9);
b = true;
fori=ib:ib+19
if ~((alrbeta(1,i) > 0) | (alrbeta(1,i) <= 0)) & b
ib=1;
b = false;
end

end

alrbeta(1,ib:ib+19) = mtNormalize(1:20,10);
alrbeta(2,ib:ib+19) = mtNormalize(1:20,11);
alrrad(ib:ib+19) = mtNormalize(1:20,12);

b = true;

fori=ib:ib+19



if ~((alrbeta(1,i) > 0) | (alrbeta(1,i)) <=0)) & b
ib=1i;
b = false;

end

end

alrbeta(1,ib:ib+19) = mtNormalize(1:20,13);
alrbeta(2,ib:ib+19) = mtNormalize(1:20,14);
alrrad(ib:ib+19) = mtNormalize(1:20,15);
b = true;
fori=ib :ib+19
if ~((alrbeta(1,i) > 0) | (alrbeta(1,i) <=0)) & b
ib=1;
b = false;
end

end

alrbeta(1,ib:ib+19) = mtNormalize(1:20,16);
alrbeta(2,ib:ib+19) = mtNormalize(1:20,17);
alrrad(ib:ib+19) = mtNormalize(1:20,18);
b = true;
fori=1ib :ib+19
if ~((alrbeta(1,i) > 0) | (alrbeta(1,i) <= 0)) & b
ib=1;
b = false;
end

end

alrbeta(1,ib:ib+19) = mtNormalize(1:20,19);
alrbeta(2,ib:ib+19) = mtNormalize(1:20,20);

alrrad(ib:ib+19) = mtNormalize(1:20,21);
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b = true;
fori=1ib :ib+19
if ~((alrbeta(1,i) > 0) | (alrbeta(1,i)) <=0)) & b
ib=1;
b = false;
end

end

alrbeta(1,ib:ib+19) = mtNormalize(1:20,22);
alrbeta(2,ib:ib+19) = mtNormalize(1:20,23);
alrrad(ib:ib+19) = mtNormalize(1:20,24);
b = true;
fori=ib :ib+19
if ~((alrbeta(1,i) > 0) | (alrbeta(1,i) <= 0)) & b
ib=1;
b = false;
end
end
Feed = alrbeta(1 : 2,1:ib-1);

Target = alrrad(1:ib-1);

%trainning network N11n13 i3 ﬂu§

network1 = train(network1,Feed, Target);

%Prepare for simulate Data
%if Deg2 > glrMaxBeta
% Deg2 = glrMaxBeta;

%end

Deg2 = Deg2*(pi/180);
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mtFeed = [2,Resolution*7];
ratio = ((Deg2-Deg1)/Resolution);
fori=1: Resolution

mtFeed(1,i) = Deg?2 - ratio*i;
end

mtFeed(2,1:Resolution) = R1sim;

for i = Resolution+1:Resolution*2
mtFeed(1,i) = Deg2 - ratio*(i-Resolution);
end

mtFeed(2,Resolution+1:Resolution*2) = R2sim;

for i = Resolution*2+1:Resolution*3
mtFeed(1,i) = Deg2 - ratio*(i-Resolution*2);
end

mtFeed(2,Resolution*2+1:Resolution*3) = R3sim;

for i = Resolution*3+1:Resolution*4
mtFeed(1,i) = Deg? - ratio*(i-Resolution*3);
end

mtFeed(2,Resolution*3+1:Resolution*4) = R4sim;

for 1 = Resolution*4+1:Resolution*5
mtFeed(1,i) = Deg?2 - ratio*(i-Resolution*4);
end

mtFeed(2,Resolution*4+1:Resolution*5) = R5sim;

for i = Resolution*5+1:Resolution*6
mtFeed(1,i) = Deg?2 - ratio*(i-Resolution*5);
end

mtFeed(2,Resolution*5+1:Resolution*6) = R6sim;



for i = Resolution*6+1:Resolution*7
mtFeed(1,i) = Deg?2 - ratio*(i-Resolution*6);
end

mtFeed(2,Resolution*6+1:Resolution*7) = R7sim;

mtFeed(1,:) = mtFeed(1,:);%/glrMaxBeta;

mtFeed(2,:) = mtFeed(2,:)/glrMaxSpeed;

%simulate Data $1009903@
mtAns = sim(networkl,mtFeed);
mtRadius = mtAns*glrMaxradius;

mtAnsTest = sim(network1,Feed);

%Resulting 99N1532 UL Matrix $1115UAADY
mtSResults(:,1) = mtFeed(2,:)*glrMaxSpeed;
mtSResults(:,2) = mtFeed(1,:);%*glrMaxBeta;
mtSResults(:,3) = mtRadius;

mtResults = mtSResults;

mtResults(:,1) = mtSResults(:,1);

[m,n] = size(mtSResults)

fori=1:m

mtResults(i,2) = mtSResults(i,3)*cos(mtSResults(i,2));
mtResults(i,3) = mtSResults(i,3)*sin(mtSResults(i,2));

end
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2. pToShpere.m MIWIUNINFU ﬁ?ﬁi‘ﬂfﬂilﬂﬁﬂuﬁZUUWﬂﬂﬂ"lﬂl‘]JU§$UUWﬂﬂMN

function q_mtexits = pToSphere(i_mthandler)
[m,n] = size(i_mthandler);
n
q_mtexits = i_mthandler;
fori=1:n/3-1
forj=1:m
beta = atan(i_mthandler(j,6+(i-1)*3)/i_mthandler(j,4+(i-1)*3));
radius = (i_mthandler(j,6+(i-1)*3)"2 + i_mthandler(j,4+(i-1)*3)"2)"0.5;
q_mtexits(j,4+(i-1)*3) = beta;
q_mtexits(j,5+(i-1)*3) = i_mthandler(j,5+(@-1)*3);
q_mtexits(j,6+(i-1)*3) = radius;
end

end
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Risk engineer (Srimuang Co., LTD)
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