
Tables
Table-1: Reaction parameters for preparing monopropellant grade hydrazine
	Sample code
	Hydrazine   hydrate
(ml)
	Wt of NaOH
(wt)
	Reflux temp
(oC)
	Distillation temperature
(oC)
	Yields
(%)

	S1
	500
	415
	85
	65 - 70
	16%

	S2
	500
	400
	70-75
	60-65
	30%

	S3
	500
	200
	75-80
	65-70
	64%


               Table-2: Analysis results of distillate samples
	Sl.No.
	Sample code
	% Yield


	Hydrazine, % wt
	Water, %wt

	
	
	
	Wet chemical

Method
	GC

Method
	Eudiometric

Method
	GC

Method

	1
	S-1
	15
	88.96
	89.70
	10.92
	10.30

	2
	S-2
	30
	87.52
	88.59
	12.30
	11.41

	3
	S-3
	64
	85.21
	85.07
	14.51
	14.93

	4
	S-4
	56
	98.82
	99.50
	0.95
	0.54


              Table -3: Low freezing hydrazine based monopropellant blends
	Ingredient
	Blend 

	
	1
	2
	3
	4
	5

	Anhydrous hydrazine, wt. %
	65
	58
	65
	58
	85

	Methyl alcohol, wt. %
	15
	17
	15
	17
	15

	Ammonium nitrate, 

wt. %
	20
	25
	--
	--
	--

	Ammonium perchlorate, wt. %
	--
	--
	20
	25
	--

	Test temperature: 

-65ºC, for 30minutes


	Not Frozen
	Not Frozen
	Frozen
	Not Frozen
	Frozen at -40ºC


Table-4: Monopropellant thruster designed performance parameters
	Parameter
	Unit
	Thruster

	Chamber Pressure
	bar
	7

	Area Ratio
	---
	50

	Exit Pressure
	bar
	0.023

	Thrust Coefficient 
	---
	1.83

	C*
	m/s
	1240

	Specific Impulse (eff 94%)
	sec
	220


.

Table-5: Thruster parameters in monopropellant mode
	Parameter
	1N
	22N

	Chamber pressure
	7 bar
	7 bar

	Mass flow rate
	0.47 g/s
	10.2 g/s

	Injector pressure drop
	2 bar
	2 bar

	Injector dimensions
	1 tube of 0.19mm dia 
	3 tubes of 0.5mm dia  

	Particle size of catalyst
	600-800 microns
	600 micron granules and 3mm pellets

	Catalyst bed length(effective)
	26 mm
	10mm + 16 mm

	Catalyst bed diameter
	12 mm
	28 mm

	Throat diameter
	1.0 mm
	4.4 mm

	Area ratio(sea level test)
	2.75
	3.0


Table -6: Test results of Iridium coated with Alumina granules
	Nomenclature
	Results

	Particle size, µ
	702

	Iridium content by weight, %
	46

	Crush strength, N
	62.46 

	Surface area, m3/g
	90 


Table -7: Catalyst packed in all the tests
	Test 
	Pellets (g)
(3 mm)
	Granules (g) 
(( 600 – 800 μ) 

	Test – 1  
	19.76 
	7.41 

	Test – 2 
	19.66 
	9.36 

	Test – 3
	19.50 
	10.04 

	Test – 4
	18.88 
	11.61 

	Test – 5
	18.88
	11.61

	
	
	

	1N
	- 
	6.14 


*Tests 1-5: Thruster capacity-22N; Test 6: Thruster capacity-1N
Table-8: Designed and achieved parameters for monopropellant test

	Parameter
	Units
	Designed
	Test-1
	Test-2
	Test-3
	Test-4
	Test-5
	Test-6(1N)

	Ch. Pr.
	bar
	7.0
	7.45
	7.16
	5.93
	7.45
	7.21
	6.88

	Mass flow rate
	gm/s
	10.5
	9.34
	
	8.62
	10.12
	9.40
	0.463(0.46)

	C*
	m/s
	1205
	1204*
	
	1067^
	1109^
	1171^
	1166^

	No. of pulses
	---
	---
	3
	2
	4
	4
	2
	2

	Pulse widths
	s
	---
	5,4,14
	5,25
	2,3,3,55
	4,10,11,23
	2,61
	7,56

	Cum. burn time
	s
	---
	23
	30
	63
	48
	      63
	63


  * Propellant batch 1
: 95% Purity 
  ^ Propellant batch 2
: 99% Purity 

Table-9: Design parameters of bi-propellant thruster

	Parameter 
	Design Value

	Propellant densities at 20oC
	Oxidizer- 1440 Kg/m3
Fuel - 1010 Kg/m3

	Chamber pressure 
	20bar

	O/F (mass) 
	1.44

	Oxidiser injector diameter
	0.64 mm X 2

	Fuel injector diameter
	0.83 mm

	Exit area ratio 
	12.5

	Exit diameter 
	20 mm

	Chamber temperature 
	3138 K

	Exit pressure 
	0.2 bar

	Thrust coefficient (S.L) 
	1.15

	Characteristic velocity (actual)
	1707m/s

	Specific impulse (S.L) 
	200 s

	Thrust (Design) 
	9 Kgf

	Thrust (SL) 
	6 Kgf


Table 10: Designed and achieved parameters for bipropellant test
	
	Design 
	Test 

	Chamber pressure (bar A)
	20 
	20.3

	O/F (mass) 
	1.44
	1.49

	Oxidiser flow rate (g/s)
	17.7 
	17.5

	Fuel flow rate (g/s)
	12.3 
	11.76

	Thrust coefficient (S.L) 
	1.19
	1.14

	Characteristic velocity (m/s)
	1740.4
	1782

	Specific impulse (S.L) (s)
	211 
	207

	Thrust (SL) (N)
	60 ± 6
	56
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