Table 1
 	Transesterification reaction requirement for the production of Roselle biodiesel
	Description
	Values

	Oil quantity
	1000 ml

	Methanol (1:3 molar ratio)
	280 ml

	Sodium hydroxide (H2SO4)
	1.65 ml

	Temperature
	60 - 75 °C

	Time period
	60-70 min

	RPM
	320 – 600 rpm

	Biodiesel obtained
	830 ml



Table 2
Free fatty acid composition of Roselle biodiesel
	Fatty Acid
	Structure
	Molecular Structure
	Formula
	Mol. wt
	% (w/w)

	Linoleic acid
	18:2
	

	C18H32O2
	280.2512
	38.18

	Palmitic acid
	16:0
	

	C16H32O2
	257.2503
	18.49

	Linolenic acid
	18:3
	

	C18H30O2
	279.2235
	2.08

	Oleic acid
	18:1
	

	C18H34O2
	281.2667
	33.32

	Lignoceric acid
	24:0
	

	C24H48O2
	367.3543
	1.11

	Stearic acid
	18:0
	

	C18H36O2
	285.2624
	4.08



Table 3 
Important physical-chemical properties of diesel, Roselle and its blends
	Fuel
	Testing method
	B0
	LA20
	LA40
	LA60
	LA80
	LA100

	Density (@20° C) (kg/m3)
	ASTM D4052
	830
	838.2
	849.6
	859.2
	868.6
	877

	Kinematic viscosity (@40° C) (mm2/s)
	ASTM D445
	2.9
	3.24
	3.5
	4.25
	4.85
	5.64

	Heating value (MJ/ kg)
	ASTM D4809
	42.5
	41.6
	40.7
	40.16
	39.44
	38.74

	Cetane number
	ASTM D613
	48
	48.8
	49.67
	50.45
	51.25
	52.3

	Flash point (° C)
	ASTM D93
	50
	75.2
	94.4
	116.7
	135.2
	159.2

	C%
	ASTM D5291
	86.14
	84
	83.09
	81.52
	80.10
	78.71

	H%
	ASTM D5291
	13.86
	13.49
	13.12
	12.75
	12.29
	12.12

	O%
	ASTM D5291
	0.004
	2.25
	4.02
	5.71
	7.54
	9.23



Table 4
The detailed specification of test engine.
	Engine parameters
	Specifications 

	Make
	Legion Brothers, India

	Engine type	
	Four stroke, CI engine.

	Cooling
	Water-cooled engine

	Bore×Stroke
	80mm×110mm

	No of cylinders
	1

	Compression ratio
	17.5

	Dynamometer
	Eddy current dynamometer

	Rated power@ 1500 rpm (k W) 
	3.5

	Dynamometer
	Eddy current dynamometer

	Start of injection timing 
	19 to 27° C bTDC 

	Connecting rod length
	235 mm

	Exhaust gas analyzer
	Testo-350 flue gas analyzer



Table 5 
Test matrix and acronyms used for diesel and Roselle fuel operation.
	Mode
	Fuel used
	Constant parameter
	IT, ° CA bTDC
	Load
	Acronyms used

	
	
	CR
	Speed
	
	
	

	Diesel
	Diesel
	17.5
	

1500 rpm
	19
21
23
25
27
	25%, 50%, 75%, 100%
	B0

	Biodiesel + Diesel
	20% Roselle + 80% Diesel
	17.5
	

1500 rpm
	19
21
23
25
27
	25%, 50%, 75%, 100%
	LA20

	Biodiesel + Diesel
	40% Roselle + 60% Diesel
	17.5
	

1500 rpm
	19
21
23
25
27
	25%, 50%, 75%, 100%
	LA40

	Biodiesel + Diesel
	60% Roselle + 40% Diesel
	17.5
	1500 rpm
	19
21
23
25
27
	25%, 50%, 75%, 100%
	LA60

	Biodiesel + Diesel
	80% Roselle + 20% Diesel
	17.5
	

1500 rpm
	19
21
23
25
27
	25%, 50%, 75%, 100%
	LA80

	Biodiesel
	100% Roselle 
	17.5
	

1500 rpm
	19
21
23
25
27
	25%, 50%, 75%, 100%
	LA100



Table 6
Uncertainty analysis of test engine.
	S. No
	Instrument
	Percentage  uncertainty

	1
	Load indicator
	±0.2

	2
	Speed sensor
	±1.0

	3
	Temperature sensor
	±0.15

	4
	Pressure sensor
	±0.5

	5
	Crank angle encoder
	±0.2

	6
	Smoke meter
	±1.0

	7
	Eddy current dynamometer
	±0.15

	8
	Fuel burette
	±1.0

	9
	Manometer
	±1.0

	10
	Test 350 gas analyser
CO2
NOX
	
± 1.0
± 0.5



Table 7. ANN Settings used for modelling
	Parameter
	Value
	MATLAB function/syntax

	Hidden layer neurons (h)
	6
	-

	Topology
	3-6-10
	fitnet(6)

	Data division (in %)
	70%-15%-15%
	dividerand

	Data division (in data points)
	84-18-18
	-

	Network type
	feed-forward back-propagation
	feedforwardnet(hiddenSizes,trainFcn)

	Transfer function
	Hyperbolic tangent sigmoid in hidden layer; linear in output layer.
	tansig in hidden layer; purelin in output layer.

	Training function
	Levenberg Marquardt algorithm
	net.trainFcn=’trainlm’;

	Performance function
	Mean square error
	MSE

	Learning function
	Gradient descent with momentum weight and bias learning function
	learngdm
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