
CHAPTER-6 

6.1 Suitable fire detection system & prevention system for Dryer 

• As per the literature survey results, the dryer is the main source of the fire hazard 

for the tea factory. 

• Main root cause is leaking of burning particles (Spark) from heater section to the 

dryer section via duct. 

Characteristic of a spark 

Process air is passed in to dryer section of at normal temperature of 110 degrees of Celsius. 

Flue gas generated by burning of fire wood is passing inside the cast iron tubes. Some 

times small ignition particle, tiny flame (carbon) can be entered to the process air stream. 

This spark temperature is above 300 C & if this spark is mixed with drying tea there can be 

a fire. Fire can be occurred due to two reasons. One is smoldering fire & other is a tea dust 

explosion & fire. 

Material burned Max. flame temperature (°C,) 

Wood 1027 
Gasoline 1026 

Methanol 1200 
Kerosene 990 
Animal fat 800-900 
Charcoal (forced draft) 1390 

(Source -wekipedia) 
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Temperatures of flames by appearance. 

The temperature of flames with carbon particles emitting light can be assessed by their 

color (source-wikipedia) 

Red 

Just visible: 525 °C (977 °F) 

Dull: 700 °C (1,292 °F) 

Cherry, dull: 800 °C (1,470 °F) 

Cherry, full: 900 °C (1,650 °F) 

Cherry, clear: 1,000 °C (1,830 °F) 

Orange 

Deep: 1,100 °C (2,010 °F) 

Clear: 1,200 °C (2,190 °F) 

White 

Whitish: 1,300 °C (2,370 °F) 

Bright: 1,400 °C (2,550 °F) 

Dazzling: 1,500 °C (2,730 °F 
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Under the visual examination of fire chamber of fire wood heater in the tea factory. Color 

of the flame is usually red & orange in mixture .therefore we can assume temperature of 

flame is more than 700 degrees of Celsius. Also individual carbon ignition particles have 

similar type of temperatures. 

Smoldering fires 

When this tiny flame is mixed with drying tea. Tea is getting heated up slowly & slowly. 

Then drying tea will catch on fire if the minimum ignition temperature of tea reaches. 

Explosion of tea dust. 

There must be least 4 requirements fulfilled to dust explosion & fire. 

• A cloud of combustible substances with particle size of lesser than 0.5 mm. 

• The concentration of this dust cloud must be between the lower explosion 

limit(LEL) and the upper explosion limit(UEL).The LEL for many food dust, for 

example is between 30 and 60g/meter cube, The UEL is 2 to 6 Kg per meter 

cube 

• A sufficient amount of Oxygen 

• A suitable Ignition source -E Characteristic of spark & fire in Dryer. 

• g electrical spark, Flame, Ignition source or hot surface 
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Table 6.1:Minimum ignition temperature of tea dust is -300 C 

Dust type 
(name of the solid) 

Cellulose 

Minimum ignition Minimum ignition 
temperature of a dust temperature of a dust 
layer (glow cloud in acc. with IEC 
temperature) in acc. 61241-2-1 proc. B 
with IEC 61241-2-1 
proc. A 

Source: BIA - Report (excerpt) Combustion and Explosion Variables! 
Issued by: H V B G | 
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Solution 

• Insert iron mesh inside the duct between heater & dryer. 

Aim 

Incendiary particle or flame will hit the mesh and its temperature and flame will be 

reduced at there. (Retarding effects) 

Still there is a possibility to enter incendiary materials from heater to dryer through 

the openings of the mesh. If you select very low mesh size then there will be a 

problem of pressure building up inside the system. This pressure build up will be 

affected to the flow of the dry air. Therefore this is not entirely satisfied solution to 

our problem. 

• Suitable spark detection system to install between heater & dryer ducting. 

Technical aspects. 

• Heated air passed through the dust is about 100-110 Degrees of Celsius. 

• Flame temperature is various about 700 degrees of Celsius to 1200 degrees of 
Celsius 

• Incendiary spark is having more than 700 Degrees of Celsius. 

• Spark sensing element should be able to withstand high temperature. 

• It should be capable to give quick response. 
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Spark detection Vs I.R Detector 

RELATIVE ENERGY 

Figure 6.1 :Spark detection Vs I.R Detector 

Principle of Operation 

Spark detection operates on the principle of detection of energy wave lengths that are near 

infrared in the visible light spectrum. Basically, a light sensitive silicon photocell is used in 

the detector that has useful sensitivity in approximately the 0.3-u.M to 1.1 -uM range (see 

graph). The idea is to insert the detector into a process flow stream, detect sparks or flame 

and inject water-spray into the line immediately downstream to extinguish. While this 

technology does not prevent ignition, it does provide early detection and fast response to 

minimize the potential consequences. 
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True infrared detection systems operate on the principle of detection of energy wave 

lengths that are actually in the infrared light spectrum (i.e. not in the visible light 

spectrum). Two heat sensitive lead-sulfite photocells are used that have a useful sensitivity 

in approximately the 1.5-uM to 2.8-uM range (see graph). Like a spark detector system, 

the detector is inserted into a process flow stream. Unlike a spark detector, however, a true 

infrared unit will detect hot particles at pre-ignition temperatures, as well as sparks, 

glowing embers or flames the most important distinction is that because of the longer 

wavelengths involved, true infrared systems are suitable for detection of hot particles 

before ignition as well as for sparks or flame 

Practical Considerations 

In practical terms, the two technologies, although superficially similar, are quite different. 

Each has both important applications and limitations. In many complex industrial systems 

there could be applications for both. Consider the case of a dryer that is adding heat to 

drive off moisture from the product. It is not uncommon for there to be sparks entering a 

dryer from an air heater. The reason sparks might not pose a risk in this situation is that 

they are very low in thermal mass relative to the much larger mass of product being fed 

into a dryer. In a situation of this kind a spark detector would not be particularly useful as 

it would be susceptible to be constantly detecting sparks and triggering water-spray. 

The situation could change in a dryer, however, and a risk for fire or explosion develop if, 

for example, the feed to the dryer stopped, or the material inside the dryer chamber could 

not be removed and it became overheated. A true infrared detector, however, monitoring 

the output from the dryer would provide early warning of a thermal excursion. In this 

situation true IR is the best option. 
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My Selected type of LR Detector 

Sense-WARE Spark detector IRL-80G73 

• With one Fiber Optic 

• Very fast (<1 millisecond) 

• Current increase output 

• Relays output for alarm 

• Relays output for Power On 

The Sense-WARE Spark detector for the detection of small embers sparks from glowing 

nests or flames in small closed areas. The detector can generate an alarm within 1 

millisecond. The detector has a Cone of Vision of more than 110 degrees and is sensitive 

to most artificial light sources, daylight and direct sunlight. 

SoIution-2 can be extended with following options 

Option-1. 

Water 
injector 

Hot air 

I.R 
Detector 
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Operation 

I.R detector will be detected spark or incendiary material immediately. Then 

electrical signal from the I.R detector is send to the water injectors. Then water is 

continuously sprayed to the air stream to a set time. 

Limitations 

1. There is small duct length in existing heaters & dryers to work out proposed 

system-Our Design is some times difficult to implement in to the existing 

systems because of narrow duct length & higher up stream velocity. 

2. All sparks will not originate fire in the dryers .water spray can cause 

reduction of heat supply to the dryer. This will cause energy wastages in the 

system & increased drying time & less tea production. 

3. Carry over of water droplets to the drying chamber will be affected quality 

of the tea. 

This system is not 100% suited for Existing systems because of the above 

deficiencies. Also it will not give you 100% protection as there is small 

possibility to miss hit of water jet on to the spark which there can be still 

disaster. 

Advantages. 

1. This system can be effectively used in new installations of tea dryers & 

heaters with proper water draining & drying of sprayed water inside the 

duct.( proper water absorption system) 
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Option-2 
Diversion of up stream hot air towards to atmosphere. 

Operation 

I.R detector will be detected spark or incendiary material immediately. Then 

electrical signal from the I.R detector is send to a pneumatic operated cylinder. 

Then it is will close the damper of the dryer side about 10 S and incendiary 

materials are directed towards to the outside. 

Limitation 

1.Small duct length of existing heaters & dryers to work out proposed 

system-Design is some times unable to match in to the current systems 

because of narrow duct length & higher up stream velocity. 

2. Diversion should be done after the induced draft fan. So place of the 

induce draft fan has to be changed. 

3. Also ducting arrangement has to be changed accordingly. 
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Advantages 

This is very a good solution for new installations of tea dryer & heaters & you 

could expect maximum fire protection as any detection of spark will be 

immediately discharged to the atmosphere via diversion duct with the hot air 

stream. This system can be equipped with alarm system & hose reel system too, 

so that higher fire prevention can be obtained. 

Solution-3 

The I.R detection system coupled with alarm system is more suitable protection 

device for exiting systems. Critical aspect of this system is adequate amount of 

pressurized water should be kept in the sump or tank with hose reel unit to 

immediately extinguishing of possible fire from the dryer. Hose reel should be 

minimum of lOOfts in length. 
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RL-800/1&3 Infrared Spark Detector 

Figure 6 . 2 : Spark detector 

IRL-800/1 - Only one sensor unit 

IRL-800/3 - There is a three sensor units 
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1. If the duct size is 50 cm (diameter) or below (round) then IRL 800/1 can be 

installed. 

2. If the duct size is above 50 cm, then IRL 800/3 should be selected. 

3. If the duct is square & size is above 40 cm, then IRL 800/3 should be selected. 

Figure 6.3: I.R Spark Detector installation 

This is a square shape duct. The length of the side is more than the 40cm .there should be 

fitted at least three nos of sensing element to maximize the degree of detection Level. 

Detection level is varied as per the detection angles. 
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6.2 Optimum Solution-Recommendations (Other than the Warrantees) 

Fire Protection 

1. Infra red Spark detector system should be installed with auto alarm system for all 

dryers. 

2. 1 no of 30 m fire water hose reel should be installed at dryer room. It is advisable 

that about 2000L of water should be kept inside the water tank or water sump. 

Swing Type Fire Hose Reel 

Figure 6.5: fire hose reel unit 
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6.3 Tea factory Lightning Surge Protection 

Direct Lightning strikes 

A direct strike to a building or structure will seek a path to ground either via the structural 

lightning protection system or via any other metallic path via a series of flash overs which 

may be quite unpredictable. 

Direct Lightning strikes may be transmitted with in the building via these external metallic 

services. They will seek a path to ground often via the equipment to which they may be 

connected. The aim then must be to intercept these impulses as they enter the main 

building and bypass them to earth. 

Indirect lightning. 

As well as direct lightning strikes, indirect effects can be also being damaging. For 

example if lightning strikes a building or any of the services mentioned above, transient 

over voltages may be caused through resistive, inductive and capacitive coupling. 

Resistive coupling- most common cause of the transient over voltages and in affects both 

under ground and over head lines, resistive transients occurs when a lightning strikes raises 

the electrical potential of one or more of a group of electrically interconnected buildings, 

or structures like a communications tower and its associated equipment in building. 

Common examples. 

• Building to building power Feeds 

• Power supplies from the buildings to external lightning, CCTV, or security systems 

• Telephone lines from exchange to the building 

• Telephone extensions between buildings 

• Data and LAN connections between buildings 

• RF Signal cables from antennas and tower to buildings. 
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Lightning Strike 

Lightning strike can be affected to the building-02 as result of resistance coupling. 

Inductive coupling is a magnetic field transformer effect between lightning and cables, a 

lightning discharge creates a very high current flow and this current creates on 

electromagnetic field around it. If power cabling passes through this magnetic field, 

voltage will be pickup or induced into the cable. 

This frequently occurs when lightning discharges close to overhead power lines, telephone 

cables, RF antennas or their feeders. It is not just lightning strikes from cloud to ground 

which can induce these voltages. Cloud to cloud strikes can also induce similar effects. 
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Same thing occur when a building's lightning protection scheme is strike. The lightning 

current flows to earth through the building are down conductors. The resulting magnetic 

fields may well couple to cabling with in the building inducing transient over voltages on 

to it. 

Capacitive Coupling. 

Where long lines are well isolated from earth they can raise to high voltages due to the 

capacitance between them and the charged thunder cloud. If the voltage on the lines rises 

beyond breakdown strength of the devices at either end, damage will result. 

For these reasons lightning protection against both direct and the indirect effects caused by 

induction must be provided. 

1. Structural Protection against direct lightning strike 

2. Surge protection for power distributions. 

To decide the level of protection required for building. It is necessary to categorize the 

type pf building and its contents. 

Type-1 building 

Building is with metal cladding on all walls and the roof. This provides a screened 

room environment for equipments inside .If all the cladding and roofing is satisfactory 

bonded together. Lightning can strike any part of the building and flow to ground via 

the cladding. This provided almost total protection with the building acting as a 

Faraday cage. 

4 
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Most Lightning protection standards recommended that no other protection is required. 

Steel framed building of reinforced concrete structure with metal cladding approximate 

ideal. For this type of buildings only basic surge protection such as main switch board 

surge arrestors are necessary. 

Tea factory is an ideal example for Type-1 building there fore no special type of 

Direct lightning protectors not needed and only surge protectors in main power 

panel is adequate. 

Note 

Out of 66 Lightning surges there are no direct lightning strikes according to our 

study. 

The magnitudes of lightning discharges around the world have been measured from 2000A 

to more than 200kA, with rise times to peak current of less than lOus. The variation in 

magnitude and rise times follows the "log-normal" distribution typical of many natural 

phenomena. BS6651 gives the following data: 

1% of strokes exceed 200kA 

10% of strokes exceed 80kA 

50% of strokes exceed 28kA 

90% of strokes exceed 8kA 

99% of strokes exceed 3kA 

4 
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Selected Type Surge Protectors for Tea Factory 

DIN safe - SDD3 Surge Diverters 

Novaris SDD DIN safe Surge Diverters offer powerful performance at domestic MSB and 

industrial DBs. The SDD diverters are housed in a DIN compliant, fail-safe metal 

enclosure. (Selected type -SDD3-100-275).This should be fixed to the main panel board of 

the tea factory. It has 3 L.E.D display lights. These lights are green in color. Color of these 

L:E;D turn in to red color if the surge arrestor needed to replaced. 

* ^ '*•) 

Selected type -SDD3-100-275 

Figure 6.6:Surge arrestor 

Price of this surge arrestor including instillation is approximately Rs 100,000/- and life 

type of a surge arrestor is approximately 4 years according to the Novaris Srilanka limited. 
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6.4 C o s t b e n e f i t a n a l y s i s 

1. Compulsory warranty 01 -08 should be complied by every insured. There for these 

are must requirement, therefore no points can be accommodated for these 

warranties in terms of financial point of view. 

2. Warranty No 09-12 are basically complied by all tea factories there for these are 

not considered in my analysis. These 4 warranties are relatively less importance to 

in current tea factory set up. 

Warranty-No Type Remarks 

09 Fire wood warranty Separate fire wood shed is 

available 

10 Jute Hessain No tats are using currently 

in tea factories. 

11 Circular saws Now these are not in use 

12 Ducts warranty Complied 

3. Warranty No 13-25 scores are allocated to each warranty according to the relative 

importance of each and every warranty to fire risk improvement in the tea factory. I 

have carried out approximately 200 tea factory surveys. Here I have assigned marks 

according to my experiences & fire case studies. Heater separation & fire 

extinguisher appliance are the main importance two warranties considering current 

set up of tea factories. 
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Warranty No Advantages, if complied Score 
13-Drier outlet Reduces fire spreading to the loft floor 

as result of fire in a dryer chamber or 

dryer room. 

2 

14-Engine Exhaust Tea stock can be prevented by 

accidental contact with engine Exhaust 

matters 

1 

15-Withering Tats Fire spreading in loft floors will be 

minimized 

1 

16-withering through Fire spreading in wooden loft will be 1 

surface minimized 

17-Heater separation Prevent fire sparks goes in to dryer 

room from openings 

Isolation of fire in the heater with out 

spreading to dryer side 

5 

18-Chimney Reduces fire sparks accidentally 

entered to the factory 

1 

19-factory construction Fire spreading rate is minimized 2 

20-loft floor ceiling Fire spreading is minimum at loft floor 

to roof 

1 

21-air circulation fans Fire spreading rate can be minimized 

in loft floors. 

1 

22-Absence of heaters Minimize fire risk, It will reduce fire 

risk enormously according to the 

survey results 

Special model 

23-Water power Currently uses C:E: B power. No marks 

24-Fire extinguisher It will help to extinguish small fires 5 

appliances effectively 

25-Automatic Sprinklers Not in operation in most of factories Special model 

Total = 20 
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Note- If all these warranties are complied then 20 % of premium deduction can be 

accommodated. 

Modeling of systems. 

There are two type of benefits can be resulted from proposed systems. One is direct 

benefits & other is indirect benefits. 

Direct cost benefits. 

Difference in high risk fire premium versus low risk fire premium due to implementation 

of fire minimization methods in tea factory. 

Indirect benefits. (Intangible) 

All policies consist of least 10% excess in each & every loss. Financial losses are in 

millions as consequence of tea factory fire .this 10% general excess is a considerable 

amount & will make a huge saving if a tea factory fire can be mitigated. 

Also Fire consequential losses are the other part of the saving (production time 

loss/job losing of labors/profit loss etc.) 

Here, I am interested on direct benefits, so I am analyzing cost benefit under 4 no of 

models. 
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Model-1 

Low fire 
risk factory 

Sum 
(Rs 
Mn) 

Fire 
premium 

Fire 
low 

risk(P) Difference Min(Excess) Saving 
Cost of 

installation 
50 50,000 20,000 30,000 10,000 40,000 25,000 

100 80,000 40,000 40,000 10,000 50,000 25,000 
150 112,500 45000 67,500 10,000 77,500 25,000 
200 130,000 60,000 70,000 10,000 80,000 25,000 
250 150,000 68,750 81,250 10,000 91,250 25,000 
300 165,000 75,000 90,000 10,000 100,000 25,000 
350 175,000 85,000 90,000 10,000 100,000 25,000 

Sum(Mn) Premium(original) Premium & cost of installation 
50 50,000 45,000 

100 80,000 65,000 
150 112,500 70,000 
200 130,000 85,000 
250 150,000 93,750 
300 165,000 100,000 
350 175,000 110,000 

No heater + 
Proper 
surge 
arrestors 
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Cots saving-Model-1 

200000 

150000 

# 100000 

50000 

-•— Old premium 
-•— New premium & cost 

2 3 4 5 6 

sum in 50M steps 

Model-2 

New heater systems only in dryer room + proper surge protection system 
+ Warranty( 13-25) 

= low risk factory 

Sum 
(Rs) 

Fire 
premium 

fire low 
risk(P) Difference Min(Excess) Saving 

Cost 
installation 

50 50,000 20,000 30,000 10,000 34,000 25,000 
100 80,000 40,000 40,000 10,000 42,000 25,000 
150 112,500 45000 67,500 10,000 64,000 25,000 
200 130,000 60,000 70,000 10,000 66,000 25,000 
250 150,000 68,750 81,250 10,000 75,000 25,000 
300 165,000 75,000 90,000 10,000 82,000 25,000 
350 175,000 85,000 90,000 10,000 82,000 25,000 

Sum 
(Rs) Mn 

Fire 
premium cost & new premium 

50 50,000 51,000 
100 80,000 73,000 
150 112,500 83,500 
200 130,000 99,000 
250 150,000 110,000 
300 165,000 118,000 
350 175,000 128,000 
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Total premium-(New dryers) 

200000 

150000 

£ 100000 

50000 

3 4 5 

S u m Insured in (50M) s teps 

Model-3 

Automatic sprinkler system in operation + proper surge protector system = low fire risk 

factory 

Sum(M) Premium(old) Premium & cost of installation 
50 50,000 45,000 

100 80,000 65,000 
150 112,500 70,000 
200 130,000 85,000 
250 150,000 93,750 
300 165,000 100,000 
350 175,000 110,000 
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1 2 3 4 5 6 7 

Sum insured-50M steps 

Model-04 

Old dryer in dryer room 

Low fire 
risk factory 

Sum 
(Rs)Mn 

Fire 
premium 

Fire low 
risk(P) 

Premium 
reduction Min(Excess) Savings 

Cost of 
installation 

5 0 5 0 , 0 0 0 2 0 , 0 0 0 3 0 , 0 0 0 2 5 , 0 0 0 5 5 , 0 0 0 7 0 , 0 0 0 

100 8 0 , 0 0 0 4 0 , 0 0 0 4 0 , 0 0 0 2 5 , 0 0 0 6 5 , 0 0 0 7 0 , 0 0 0 

150 1 1 2 , 5 0 0 4 5 0 0 0 6 7 , 5 0 0 2 5 . 0 0 0 9 2 , 5 0 0 7 0 , 0 0 0 

2 0 0 1 3 0 , 0 0 0 6 0 , 0 0 0 7 0 , 0 0 0 2 5 , 0 0 0 9 5 , 0 0 0 7 0 , 0 0 0 

2 5 0 1 5 0 , 0 0 0 6 8 , 7 5 0 8 1 , 2 5 0 2 5 , 0 0 0 1 0 6 , 2 5 0 7 0 , 0 0 0 

3 0 0 1 6 5 , 0 0 0 7 5 , 0 0 0 9 0 , 0 0 0 2 5 , 0 0 0 1 1 5 , 0 0 0 7 0 , 0 0 0 

3 5 0 1 7 5 , 0 0 0 8 5 , 0 0 0 9 0 , 0 0 0 2 5 , 0 0 0 1 1 5 , 0 0 0 7 0 , 0 0 0 
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Sum 
(Rs)Mn fire premium 

Cost& 
premium New premium 

premium & 
excess 

50 50,000 90,000 20,000 75,000 
100 80,000 110,000 40,000 105,000 
150 112,500 115,000 45000 137,500 
200 130,000 130,000 60,000 155,000 
250 150,000 138,750 68,750 175,000 
300 165,000 145,000 75,000 190,000 
350 175,000 155,000 85,000 200,000 

•—fire premium 

cost & premium 

premium & excess 

1 2 3 4 5 6 7 8 

Sum in 50 M steps 

cost benifit(I.R detector) 

250,000 

200,000 

150,000 
to or 

100,000 

50,000 
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