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ABSTRACT

Artificial neural network (ANN) network3 is developed to evaluate coefficient of
performance of simple vapor compression system for various values of suction pressure,
suction temperature, delivery pressure & delivery temperature as input parameter. 51 set of
experimental set of parameters is used to train ANN, network3 and 12 set of experimental
parameters is used to test ANN, network3. Value of experimental COP and that predicted by
ANN network3 resemble close to each other with R* = 0.9996346, RMSE = 0.111,
COV=1.928 %. In developed ANN model network3, network type feed forward back
propagation, Training function TRAINLM, Adaptation learning function LEARNGDM,
performance function MES, no of layer 01, No of neuron 08 and Transfer function LOGSIG,
with other training parameter has been used to successfully train ANN network3. It is
concluded that ANN with developed network3 can be successfully applied for evaluation of
coefficient of performance of simple vapor compression refrigeration (VCR) system & hence

ANN may be very useful tool for performance analysis of refrigeration system.
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Nomenclature & Abbreviation
ANN Artificial neural network.
VCR  Vapor Compression Refrigeration.

COP Coefficient of Performance.

p Pressure (kJ/kg).

T Temperature (0C).

h Enthalpy (kJ/kg).

R? Absolute Fraction of Variation.

RMSE Root Mean Square Error.

COV  Coefficient of Variance.

RACHP Refrigeration, Air Conditioning & Heat Pump.
GRNN  Generalized Regression Neural Network.
RBFNN Radial Biased Function Neural Network.

1. INTRODUCTION
The proposed research study is about to find refrigerating effect, power consumption & COP
of a simple vapor compression refrigeration system under real steady state
conditions/transient state for different combinations of capillary tube size in the system, and
to find the impact of different lengths of capillary tube over the performance of system under
same boundary conditions.
More is the temperature difference between external fluid and refrigerant across evaporator
and condenser, better would be heat transfer across evaporator and condenser. A vapor
compression refrigeration system can be theoretically optimized and balanced under steady
state conditions, but it is more practical to use ANN for transient condition for performance
analysis of VCR system.

Practically a refrigeration system has to work under transient conditions. The conditions
over condenser may be considered steady state but over the evaporator, condition remains
transient. In evaporator, a fixed mass or space has to be cooled from some initial room
temperature to final refrigeration temperature. As a result of continuous decrease of
temperature of external fluid over evaporator, environment surrounding evaporator does not
remain steady and whole system works under transient conditions. With the decrease in
difference of temperature of refrigerant and external fluid across evaporator with respect to
time, the heat transfer across the evaporator tubes should also get reduced deteriorating the

performance of system. In this way, a condition may come when the difference of
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temperature of refrigerant and external fluid over evaporator is too less to sustain a

reasonable amount of heat transfer and evaporation rate in evaporator. The length and
diameter of capillary tube in general decides the evaporator and condenser pressure. Larger
the length of capillary tube lower is the evaporator pressure and vice versa. Similarly, larger
the diameter of capillary higher is the evaporator pressure and vice versa. The length and
diameter of capillary tube may be theoretically optimized if the heat transfer situations over
evaporator and condenser and so the evaporation and condensation pressures are steady state.
Generally, to investigate the dynamic behavior of refrigeration systems, usually the
heat exchangers are treated by transient models while the expansion valve as well as the
compressor is considered in steady state. But need was felt to observe experimental values of
refrigeration effect, power consumption, and COP and also to find the role of capillary tube
length, while working of system under real transient conditions. So  weather steady or
transient condition ANN can be successfully applied to vapor compression refrigeration
system for optimization of its performance. In this research work Experimentation is
conducted for different combination of capillary length & diameter, which in turn vary
suction pressure. Refrigeration effect, power consumption, and COP is experimentally
evaluated for different value of suction pressure, suction temperature, delivery pressure &
delivery temperature. Then Artificial neural networks (ANN) network3 is developed and
successfully trained to evaluate coefficient of performance of simple vapor compression
system for various values of suction pressure, suction temperature, delivery pressure &
delivery temperature as input parameters.
2. REVIEW OF LITERATURE
A summary of ANN applications by [1] for vapor compression systems are listed in Table 1.

Table 1 -Applications of ANN for vapor compression systems

Authors Network Year | Equipme
[references | architectur nt

1 es

Swider GRNN 2001 | Chillers
etal. [2]

Navarro- RBENN 2007 | Chillers
Esbr

et al. [3]

Chang [4] MLFFN 2007 | Chillers

The performance of two vapor compression chillers (chiller-A and chiller-B) was forecasted
by using ANN [2]. They used GRNN (Generalized Regression Neural Network) model for

predicting the performance factors such as COP, compressor power input, chill water inlet
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and cooling outlet temperatures with reference to cooling capacity, chill water outlet and

cooling water inlet temperatures. Their results showed that 94% of ANN predicted values
for chiller-A and 87% for the chiller-B were within +5% of the experimental values. The
maximum COV of ANN predicted results for the chiller-A and chiller-B were reported as
1.7% and 3.9%, respectively.

A RBFNN (Radial Biased Function Neural Network) model was developed for predicting
the performance factors (such as cooling capacity, power consumption and chiller water
outlet temperature) of a variable speed compression based refrigeration systems with
reference to speed, chill water temperature inlet, condensing water temperature inlet and
refrigerant evaporator temperature [3]. It was reported that the network forecasted cooling
capacity, chill water outlet temperature and power consumption were closer to experimental
values within £2%, +0.2 K and +5% deviations, respectively with RMS errors of 0.084,
0.054 and 0.048 respectively.

Chang [4] testified the suitability of ANN model to determine the optimal sequencing of six
chillers used in a semiconductor industry. In his work, MLFFN with four neurons in input
layer (representing supply temperature of chill water, return temperature of chill water,
supply temperature of cooling water and return temperature of cooling water), one neuron in
the output layer (power consumption) was developed. Two hidden layers comprising of 20
and 40 neurons were used. It was stated that significant energy savings can be made by
changing the chiller start-up sequences using ANN model.

3. ARTIFICIAL NEURAL NETWORK AN OVERVIEW

ANN has a powerful ability in recognizing accurately the inherent relationship between any
set of inputs and outputs without requiring a physical model, and the predicted results using
ANN do account for all the physics relating the outputs to the inputs [5].
The fundamental processing element of a neural network is a neuron. A biological neuron
actually obtains inputs from other sources and combines them in some way. Then performs
normally a nonlinear operation on the result and then outputs the final result [6]. Neural
networks operate much as a black box model, requiring no detailed information about the
system. On the other hand, they learn the relationship between the input and the output. The
network usually consists of an input layer, some hidden layers and an output layer [7]. In Fig.

1 and 2, an artificial neuron and a schematic diagram of a multi-layer network are shown.
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Fig 1 Artificial Neuron [6]

Input Laver Hidden Layer Output Layver

Fig 2 Multi-layer feed forward [6]

Most commonly used network architectures in the field of RACHP (Refrigeration, Air
Conditioning & Heat Pump) are
01. Multi-layer feed forward,

02. Radial biased function network,

I~
—
03. Generalized regression neural networks and 8
04. Adaptive neuro fuzzy system g]f
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0
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5
182

Agrawal R. K. & Agrawal G. K., Jour. Sci. Res. A. Sci.3, No.3, (2017): 178-193




“Developing ANN model to evaluate COP of VCR system for suction pressure & temperature, delivery pressure

Downloaded from www.jusres.com

& temperature as input parameter”

4. METHODOLOGY

1. Experimental setup of Refrigeration System Fig 3.

data

Fig.3 Experimental setup

By experimental setup as shown in fig 3, we can collect following experimental

p1, Suction pressure is measured using analog pressure gauge.

p2, Delivery pressure measured using analog pressure gauge.

To change suction pressure different combination of length and diameter of capillary

is used apart from auto expansion valve.

Mass flow rate of refrigerant is measured by Rotameter.

Can use refrigeration system with/without internal heat exchanger.
Current is measured by ammeter (Amp).

Voltage is measured by voltmeter in (Volt).

Ti, Temperature of refrigerant inlet to compressor.

T,, Temperature of refrigerant outlet to compressor.

T3, Temperature of refrigerant at outlet to condenser.

T4, Temperature of refrigerant at outlet to expansion valve.

Ts, Temperature inlet to heat exchanger (suction line).

Te, Temperature of refrigerant outlet to heat exchanger (suction line).

T7, Temperature of refrigerant Inlet to heat exchanger (delivery line).
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o Ts Temperature of refrigerant outlet to heat exchanger (delivery line)/ Temperature of

refrigerant entering the expansion valve/capillary.
o Ty, Temperature of brine entering to evaporator.
o Tio, Temperature of brine coming out of evaporator.
o Ty, Temperature of brine.
With suitable modification other necessary data can be collected. From experimental
Data enthalpy value at different states are calculated using peace software [7] and then ANN
is applied for further analysis and optimization of system.
5. TRAINING OF ANN
Experimentation is performed for various suction pressure pi for refrigerant R134a and value
of other parameter like p» (Delivery pressure), Ti (Temperature of refrigerant inlet to
compressor), T> (Temperature of refrigerant outlet to compressor), Ts (Temperature of
refrigerant entering the expansion valve/capillary tube) and other parameters are recorded till
the steady state is reached with respect to time. Enthalpy values are calculated at different
pressure and temperature using peace software [7], and with the help of other parameter
compressor work per kg of refrigerant heat absorbed per kg of refrigerant in the evaporator
and COP of VRC system is calculated. Out_of huge experimental data few steady state data
are selected for different pi. Out of which 51set of input and target data is used to train ANN
network3. The 12 set of sample data, which are excluded while training the ANN network3,
are used to test trained network3.
The performance of the ANN is measured by absolute fraction of variation (R?),
Root mean square error (RMS) and coefficient of variance (COV), which can be calculated

by using following equations (1), (2), (3) suggested by [1].

The fraction of absolute variance is given by

[ 2
RZ=1— Tm=1{Vpre m—tmeam) (1)

- z
1o 1'-.tmum:|

The root mean square value is calculated by

[ . 2
I|E51: 1% pre m " tmeam!

RMS= \ (2)

Coefficient of variance is calculated by the following equation
RMS

COV= — %100 3
=1 tmeaavg) 3)
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Here, n is the number of data patterns in the independent data set, Ypre, m indicates the values

predicted by ANN, tmeam is the measured value of one data point m and tmeaavg is the mean
value of all measured data points [1]. Here in research work R%, RMSE, COV is calculated
for data used to test the network.

Training of artificial neural network network3 is done by MATLAB software using neural
network tool box. Input parameters to the network are pi, T, p2 and T>. Output parameter is
COP of VCR system. 51 set of data is used to train network. And 12 set of experimental data
are used to test the network.

For this in MATLAB software in workspace three new worksheet is opened, renamed it as
input, target and sample. Input data of 51 set is saved in input sheet. Similarly, experimental
output of 51 data set is saved as target sheet. 12 set of experimental data are used to test the
network. Input parameter of these 12-data value are saved in worksheet named as sample. As
the training is over complete workspace is as shown in fig 4. Predicted output of ANN is
saved as network3_outputsample.

In command window under command prompt we run nntool. As a result, neural network
/data manager (nntool) window appeared and then by selecting import tab import to network
/data manager window opened and we import input data sheet from MATLAB as input data,
target data sheet as target data, sample data sheet as input data and then closed the window as
shown in fig 5.

New network is generated by selecting new tab in network /data manager (nntool) window.
By doing so ‘“create network/data” window is opened, here new network appeared and

renamed it as network3. Output parameter for this network is COP of VCR system.

o D

VARIABLE VIEW Lﬂ;l. E‘J ] Eg g 1= H_; @I Search Docurnentation P H
C;',I‘ Lz, New Variable | Analyze Code | {8} Preferences @) (% Community
] an . = =

i Open Varigble « Run.and Time = Set Path = Request Support
Save J : &P Simulink  Layout L‘J Help —

Workspace [,/ Clear Workspace = [ Clear Commands ~  Library *  =iiParalel v > O AddOns v
VARIASLE CODE SIMULINK ENVIRONMENT. RESOURGES

» MATLAB » R2013a » bin » - P

IGMl 5 Variables - network3_outputsample ® Workspace Y
input  ® target | samplel ® network3_outputsamplel ®| sample = n‘etworld_outputsample *® Mame Value
[ network3_outputsample <1x12 double> (- target <151 dou
1 ssmple <412 dou
1 2 3 4 5 6 7 8 9 10 HH network3_outputsample <112 dou
1 67250 5.5826 6.5312 50997 57674 54692 59689 45589 49622 458 » | I networld_outputs <151 dou
2 | i|j network3_errors <1351 dou
3 | | @I network3 <1 netws
: | I I 1 1 T H input <4:51 dou
5 |4 D~
A T —
N
7]
Fig 4 Workspace of MATLAB as training is over. g‘]
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% Import to Network/Data Manager

Destination

© Import from MATLAB workspace
L

om disk ile

MAT-fle Name:

Name

) Initial Layer States

©) Output Data

) Ermor Data

& import | [ @ Close

Fig 5 Import to network /data manager window in MATLAB

Number of layers:
Properties for: Layerl =/

Number of neurons: &

Transfer Function: LOGSIG - |

»
' Create Network or Data M
Network Data|
Name
network3
Network Properties
Metwork Type: Feed-forward backprop -
Input data: . input -
Target data: | target e
Training function: TRAINLM =
. |
Adaption learning function: LEARNGDM -
Performance function: MsE il

| DVW-’W H ¢ Restore Defaults I

Fig 6 Create network/data in MATLAB

After so many trial finally selected Network property is as shown in fig 6, as network type

feed forward back propagation, Adaptation learning function as

as target,

LEARNGDM, target data

‘\ Custom Neural Network (view)

Hidden Layer

Qutput Layer

Fig 7 Custom neural network (view) ANN.
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1! Network networkd ol

View | Tra'm| Simulate | Adaptl Reinitialize Weights | View/Edit We\ghrs‘

Hidden Layer Output Layer

Fig 8 Creating network3 in MATLAB

Training function as TRAINLM, input data as input, Performance function as MES, number
of layer 1, no of neuron as 8, transfer function LOGSIG. By pressing view tab, in “create

network/data” window, network to be created can be viewed in ‘“custom neural network

(view)” window as in fig 7.

. 1
18 Networs networkd Lo B it
View| Trein | simulate | Adapt | Renitalze Weights | View/Edit Weights|
Training Info | Training Parameters
Traiing Data Training Results
Inputs input v|  Outputs networkd_outputs
Targets bometo i m)| || Errors Inetworld_ermors
Init Input Delay States |fzeros) | || FinalInput Delay States network3_inputStates
Init Layer Delay States fzer0s) Final Layer Delay States | network3 JayerStates
%) Train Network

Fig 9 Training information of network3

11 Network: netword lﬂﬂw
@m Simulate | Adapt | Reinitialize Weights | View/Edit Weights

Trsining o) Treining Parameters ‘

showWindow trué my 50‘001
showCommandLine ‘fa\se mu_dec 01

show 5 mu_inc 10

epochs 10_0!] mu_ma 510_0_00_00_00_00_
time .Inf

goal 0

min_grad 1el7

max fail 1]

Fig 10 Training parameter of network3
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Custom neural network (view) window is opened and it shows trend of input and output data

as trend is matched, we created the artificial neural network called network3 and added it to
“neural network/data manager”. Created network3 is selected in “neural network/data
manager” window and is opened as shown in fig 8. For training of network, Train tab is
selected and then under training information, in training data, input is selected as input and
target as target to train network3. Training result under in same window shows predicted
outputs of data used for training as network3_output and error as network3_error of the 51
sets of data used for training as shown in fig 9.

Then selected the training parameter tab under same train tab and after so
many trial finally selected training parameter as shown in fig 10, which gives training of

ANN network3 in fig 11 and corresponding regression analysis as shown fig 12

Neural Network

Hidden Layer
OQutput
I
=
1
8
Algorithms
Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mize)
Derivative: Default (defaultderiv)
Progress
Epoch: o | T iterations | 1000
Time; | 0:00:14 |
Performance: | 0.00
Gradient: : L 1.00e-07
Mu: 000100 | 1.00e-05 | 100e+10
Validation Checks: o | 3 | 6
Plots

Performance {plotperform)
| Training State {plottrainstate)
| Regression (plotregression)

Plot Interval: I\J 1 epochs

w Opening Regression Plot
=] Stop Training @ Cancel

————l

Fig 11 Training of Network3
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H Neural Network Training Regression (plofregression], Epoch 7, Validation stop. = ‘ &l

File Edit View Insert Tools Desktop Window Help k]

Training: R=0.99336 Validation: R=0.98723

o g5l o Daz w65l © Dz v
o =] —hif
G & 6 3
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e z o
m 55 4
& 55 E o
e I~
= )
Q g 3
o Q
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] 2 g
= 5 i
S 4 5 ¢ 7
4 45 5 55 6 65 4 45 5 55 6 65
Target Target
All: R=0.99256

Test: R=0.99136

- 65t © Data W gsl| © Data
® 2 || —Fi
Q
Qg + gl V=T
+ -
B o
95.5 El
o
F 'g g
- 5 o & 0
' (=]
=45 s %
i
= 5 o
8 ¢ g 45
=
o 0 6)

4 45 5 55 6 65 4 45 5 55 § 65
Target Target

Fig 12 Regression analysis of network3

1 Netvort: et {D @ﬁ '
Ve T S, it Rere Weghs| Vit e
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Fig 13 Simulation of network3 on ANN
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4 Neural NetworkyData Manager (nntool) @M

Input Data: w Networks o Output Data:

input network3 network3_outputs

sample network_outputsample

@ Target Data: x Error Data:

target networkd_emors

) Input Delay States: ) Layer Delay States:
\% Import.. D COpen.. X Deeiz @ Help

Fig 14 network3_outputsample on ANN

&, Data: network3_outputsample

)

Value

[6.7256.5826 6.5312 6.0997 5.7674 65,4692 5.9689 4.6589 4.9622 4,5815 5.1758 5.6521]

| @ ok || O cancel |

—

Fig 15 Predicted output of sample used to test network3 as network3_outputsample

Then to simulate trained ANN network3 we selected simulate TAB as shown in fig 13, with

under simulation data selected input as sample and output as network3_outputsample. Then

result i.e. output /predicted data of 12 set of sample input data used to test network is stored
in “neural network /data manager” as shown in fig 14. Predicted output value of network3 as
“network3_outputsample” for given 12 set of input data used as sample to test networ3 is

shown by fig 15. Predicted output, network3_outputsample value which is exported to work
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sheet and compared with experimental output of 12 sample data used to test ANN

network3, which resembles to each other as shown in table 2.

Table 2 Response Data by ANN

DATA TO TEST TRAINED
NETWORK .
ANN | &
INPUT (1),31' ouT 3
PUT T
2
T
S
- - £ e | &
= = 3 3 4
z | s z | e > = | &
A - A - =
= |25 = |25l 8| B | B
2 |=g E |83 z| =z | 3
= los = |ocgl = S 5 =
=W ° =W > & =
S| 2|8 = |ZE 5| 5| & N 2| 3
B g =0 g2 |e=8| © & = -2 7 o |
1149.62] 23117005 71] 686 672] 0.14
215651 230117005 721 652 6.58]-0.06
3116341 25)120452] 74| 648| 6.53]-0.05
4l17030 2311204521 74| 612 e6.10] 0.02
5117030 26[1239.00] 78] 576 5.77]-0.01
6117030 270123900 76| 643 6.47]-0.04
0.9996346 | 0.111 | 1.928
7117720 27011273471 78] 601 5.97] 004 ”
gl184.09] 16|1301.05] 81| 452 466]-0.14
9119099 15[1301.05] 79[ 472 496]-024
10] 19788 17]128036] so| 469| 458 0.11
11]211.67] 28[132863] 82| 532] s.18) 0.14
12]253.04| 26|1425.16] 78] 556 5.65]-0.09
6. RESULT:

Result is shown in Table2, as experimental output and Output parameter predicted from
ANN network3 resembles close to each other with R?= 0.9996346, RMSE = 0.111, COV=
1.928 % & we can reach to conclusion that ANN named network3 with network architect
feed forward back propagation, Adaptation learning function as LEARNGDM, Training
function as TRAINLM, Performance function as MES, number of layer 1, no of neuron as
8 , transfer function LOGSIG, can be effectively applied in the field of performance analysis
of simple vapor compression refrigeration system. Actual performance of network is
evaluated using 12 set of test data, since these were not used for training and table 2 shows

that R?is 0.9996346 which is very close to 1 for test data and RMS error is very small 0.111.
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It is clear that ANN (network3) gives very accurate representation of statistical data over the

full range of operating condition and indicates that trained network3 predicted COP of VCR
system for given inputs very accurately. Evaluation of these result suggest that COP of VCR
system are predicted within acceptable error.

7. CONCLUSIONS

The ANN model developed in this research work, network3 is ready to analyze performance
analysis of vapor compression refrigeration system to find out effect of inputs to the output as
COP of VCR system. Input parameter are suction pressure(pi), suction temperature/inlet
temperature to compressor(Ti), Delivery pressure(p2) and outlet temperature to
compressor(T2) which gives the effect on the output parameter COP of VCR system.

Effort has been made to train ANN’s named here as network3 with network type
feed- forward back propagation with pi, p2 T1 T2 as input parameter and COP of VCR system
as output parameter. ANN is commendably trained as experimental output and Output
parameter predicted from network3 is very close to each other for 12 set of test data with R?*=
0.9996346, RMSE = 0.111, COV=1.928 %.

These ways we can conclude that ANN network3 is trained with Network type - feed
forward back propagation, Training function- TRAINLM, Adaptation learning function —
LEARNGDM, Performance function as MES, number of neuron as 8, number of layer 1 and
transfer function LOGSIG. Developed ANN, model network3, can be successfully applied in
the field of performance analysis of simple vapor compression refrigeration system and for
given set of input parameters, COP of VCR system, as output parameter can be predicted
very accurately.
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