APPLICATION SHEET

APPLICATION OF ECO-STAR™ECO-STARII™
BURNERS WITHOUT COMBUSTION CHAMBERS ON
ROTARY AGGREGATE DRYERS

The dryer combustion zone must be sized to allow full development of the Eco-Star™/
Eco-StarII™ burner flame. The burner main air spin adjustment provides flame shaping to

meet a variety of combustion zone sizes,
Combustion Volume

When applying an Eco-Star™/Eco-StarTI™ to a rotary dryer, the flame must not only have
the correct volume to burn, but also must be free from any material falling into or through the
flame. If matetial vails or showers through the flame, the fire ¢cools and results in incomplate
combustion. Cooling the flame from material impingment is commonly called flame

— quenching. Quenching will result in several undesirable oulcomes. In situations where
quenching exists, fuel will not be fully burmed. When fuel is not fully burned, efficiency is
reduced and emissions of Total Hydrocarbon (THC) and Carbon Monoxide (CO) are
significantly increased. Furthermore, on oil fired applications, material comamination can
occur if matedal fails through the oil flame. In short, a combustion zone that has material vail
can result in elevated operating costs, increased poliutant emissions and result in scrapped
material. Solutions to problems of combustion zone size and material valling will be
addressed in this application sheet.

To prevent vailing, combustion zone flights are required. Bolted in flights are recornmended
for aggregate dryers. The recommended combustion flights are designed to be low profile for
prevention of flight overheating and they provide full radiation shielding to keep the drum
temperature to 2 minimum. Typically, the combustion zone flights are installed in two sets. In
long ecombustion zones, however, additional sets might be needed to keep the individual
flight length down to a manageable length (8 feet or less). Hauck does not recommend
carrying material. The dam installed in front of each set of combustion zone flights have a 4
inch opening between the dam sections. These openings allow a portion of material to go
under the flights to help cool the drum.
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On most drums using the recommended combustion flighting, the hottest section of tha drum %
is at the first set of material drying vailing flights. Due to the vailing flights being higher than
the combustion flights, little radiation protection exists for that section of the dryer.
Temperatures in this area can vary depending on drum diameters and amount of burmer spin
used. Typically the temperature in this section wilt be around 500°F and has been successful
installed on parallel flow and counter-flow applications. If the application has an overheating
problem, a dam or radiation plate can be installed in this area to help reduce temperatures,
Drum temperatures in the combustion zone are usually less 500°F to 750°F. Considering
that the Eco-Star™/Eco-Starll™ efficiently operates with a slight amount of excess air and
preduces a 3000°F flame, the recommended combustion flighting works well.

Combustion Zone Sizing

The foliowing example demonstrates how to calculate the necessary combustion zone
length. (Hauck's e-Solutions Asphalt Heat Balance program is also available.)

1. Determine the maximum Btwhr from the burner capacity sheet necessary; assume
burner capacity of 100,000,000 Btu/hr for this example.

2. Take the Btwhr and divide it by the combustion zone intensity that is desired. (in a
normal case, use 250,000 Btu/f. hr.) '

100,000,000 Btwhr + 250,000 BtwFt*.hr = 4001t of combustion space required.

3. Determine the effective combustion zone inside diameter(ID). Use the drum diameter in
inches minus two times the height of the combustion flights.

If the drum is 96" in diameter and the fiight height is 6%, the effective drum inside
diameter is:

96" - (2 X 6") = 84" effectlve combustion zone ID.

4. Use the effective combustion zone ID to calculate the amount of cubic feet per foot of
drum length.

(Effective Combustion Zone ID+2)? x 0.02181

In The Example:
(84"+2)* X 0.02181 = 38.5ft° combustion volume / ft drum length.
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5. To determine the drum length required in feet, divide the combustion volume required
(see step 2) by the cubic feet per foot of drum (Step 4).

400ft" + 38.5f* / ft drum length = 10.4ft combustion flighting required.

For most applications this method produces good results, however for unusual
configurations or firing rates the flame lengths for the bumers should be checked to ensure
that the planned combustion length and diameler is within the bumer's capability. (see
attached flame length tables).

Combustion Zone Produces Flame Intensity

The Eco-Star™/Eco-Starlii™ is capable of high flame intensities. Flame intensity is defined
as Btuhr.Ft’ of combustion space. This is determined by firding the Biuhy firing rate that is
used and dividing it by the cubic feet of combustion space available. A normal maximum
flame zone intensity is 250,000 to 300,000 Btu/ft® on natural gas and 175,000 to 250,000
Btw/Ft® on oil firing. Propane fired bumers require 150,000 to 200,000 Btw/it’. This intenaity
can be higher under ideal conditions, or lower if pollution requirements necessitate very low
CO and THC leveis. ldeal conditions mean that the burner chosen will run near its
maximum firing capability. Running the burner near its maximum capacity will allow
for higher efficlency, promote optimum mixing and resuit in lowest emiasions. Due o
the variety of rotary drying applications, the proper number to use for sizing the combustion
zone is based somewhat on experience. It is a good idea 1o congidar normal available flame
shapes for the size burner that is desired as weil.

When sizing a burner and combustion zone for stringent emission regulation applications,
allow extra space for the flame to fully combust. Applications that require low CO and THC
benefit from larger combustion zones. In situations where (flue gas recirculation} is added to
reduce NOXx, a larger combustion zone is alsc helpful. Combustion intensities in these cases
will be lower. Do not be concerned when removing several more feel of vailing flighting to
complete the combustion flighting as the new combustion flights wili allow extra material

heating and drying from conductive heat transfer. Vailing flighis can be added to make up
“the difference in the balance of the drum (Consult Hauck).
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For éiampla, consider an ESII-100 firing natural gas at 100 million Btwhr in an 8ft. diameter
drum. First, use 250,000 Btw/ft® as the combustion intensity and then check to sea if the
flame fits into the available combustion zone. This is a 9ft, long x 5ft. diameter flame @ 30°
spin in an 8ft. diameter dryer which appears reasonable. Consideration must be made for
combustion flights. For instance, an 8#t. drum becomes 7ft. if the combustion fights are
inches high. Thus the required combustion length using 7ft. diameter = 10.4fi. long {see
combustion zone sizing example). This arrangement wiil probably produce 300 to 600 ppm
of CO @ 7% 0.. In a 10ft. diameter drum, the calculated combustion zone would be too short
at only 6.3ft. long. A length of 8.3#. is shorter than the recorded flame length at full spin of
8ft. long for natural gas (See Flame Dimension sheets for the Eco-Star™/Eco-Starll™). It on
the same example the CO requirement was below 500 ppm, then the combustion zone
should be more generous to ensure that all the flame is contained in the non-vatling zone.
The maximum flame length must be checked against the calculated combustion zone length.

Burner mounting is determined by the type of plant and the fuel used. The Eco-Star™/ Eco-
Starll™ comes standard with a nose that can be inserted intc most drums o prevent
overheating of the breech plate. insertion depth depends on the fusl and the configuration of
the inside of the dryer. If there are any inside projections, such as an overhead discharge,
make sure the bumer is inserted far enough to be even with or slightly past the overhead
discharge. On oil, the bumer may need to be inserted 6 to 12 inches past the internal
discharge chute, or on gas, it is possible to insert the burner even with the chute. For dryers
without internal projections, the Eco-Star™/Eco-Starll™ only needs to be installed 12 to 18
inches past the breech plate on gas or propane firing. Qil fired burners shouid be inserted 18
to 24 inches from the breech plate. These distances, on most plants, produce acceplable
breech plats tlemperatures in the 300-550°F range except on extremely well sealed plants, or
when the high swirl (Shortest} flame is required. Breech overhealing can be usually
remedied by sliding the bumer further into the drum or by installing stainless steel radiation
shielding plates on the inside of the breech plate if the bumer cannot be moved into the
drum. Make provisions to slide the bumner into the dryer when installing the bumer on the
drum.
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£\ Please Note The Following Important Considerations:

1. Flight spacing of 1/4 inch between flights is important in keeping the
combustion zone drum shell temperatures to a minimum. The drum shell
should not be exposed directly to the flame. If the drum is exposed, as in the
case of uneven flight spacing or missing flights the drum shell temperature in
that area could run over 600°F.

2. Dams must be used on the upstream side of the flight. The dams on the
upstream end of the flights allow a small amount of material to go undsr the
fiight thru the dam openings provided. Each set of flights will have a dam
upstream of it.

Flame Sizes For Eco-Star™/Eco-Starll™ Bumers In Feet

Spin Qil Qil Gas Liquid Propane Max.Firing Rate
Size | Setting High Pressurs Low Pressure MMBTU/HRA
{Compressed Air) (TBA)
Lergth | Dismeter | Length | Diameter [ Length | Diameter | Length | Diameter @ 25% XSA

"ES 0 NA NA 14 275 13 25 12 3 35
25 45° NA NA 8 35 8 4 a8 3 34
60° NA NA 8 4 75 45 8 3.5 a3
ES 0 NA NA 14 3 15 3 12 3 82
50 45° NA NA 10 4 12 4 g 3.75 83
m 60° NA NA, 7 55 7 6 7 8 80
[} 11 4 145 5 15 5 13 4.5 75
=] 30° 8 7 13 ) 13.5 6.5 14 5 75
75 45° ] 7 10 7.5 B85 8 12 7 75
6Q° 45 8 8 9 7 8 a 8 75
0 15 4 18 5.5 15 5 19.5 5 100
ESH ao° 11 5.5 12 7 ] 5 17 5 100
100 45° 8 7 7 9 9 8 7 10 100
60° 5 ] B 10 8 10 6 13 100
o] 12 4 2] 45 15 6 15 3 125
ESII 30° 10 5 8 4,75 1 8 12.5 -] 125
125 45° [} 6.5 6 B 8 8 10 5] 125
80° -] 35 6.5 8.5 a 85 -] ] 125
0 9 & 11 7 16 6 156.5 6.5 150
ESH 30° 8 7 8.5 7 11 6 14.5 8.5 150
150 45° 5 g 5 10 10 75 95 8 150
60° 45 ] 4 10 8 9 85 10 150
0 16 6.5 18 6.5 19 7 13 6 175
EsSll aoe 10 6.5 1 7 15 I 8 14 5 175
175 45° 9 7 10 7.5 14 9.5 13 7.5 175
&60° 9 10.5 85 95 13 9.5 11.5 8 175
0 18 6.5 17 6 20 7 15 5 200
m ESII 30° 12 7 14 8 14 9 14 6 200
200 45° 10 8 10 85 14 10 14 7.5 200
B60° 10 10 ] 10 14 10 125 8 200
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Capacity Correction Table 'S
Eco-Star™/Eco-Starli™ Bumers At Altitude
Biower Capacity @ BOHZ (10 Biwhr,)
Altitude Atomizing { Pressure [~ E5 | Es | Eoil J ESi ] EST | ES T ESN T EBN |
Above Blowar (osi} 25 50 75 100 125 150 176 200
Sea Blower Pressure § Requiret
Level Air Preasure osl At At Sea
(ft) | Donaity | Factor [ attitude Level
0 1 1 6.0 32 a4 | 63 ] 77 | w2 | 128 | 158 | 179 204
500 98 T 35.9 33 33 | 62 | 75 | 100 | 125 | 150 | 175 200
1000 97 54 249 34 33 | 61 74 % | 124 | 148 | 173 188
1500 ) o 34.4 £ 33 | 60 | 73 98 | 122 | 147 | 171 196
2000 54 ] 23.9 35 32 | 58 | 72 o8 | 120 | 144 | 168 192
2500 83 88 3.4 a7 32 | 88 | 71 85 | 118 | 142 | 168 180
3000 T B4 320 38 B 56 | 70 %3 | 118 | 128 | 183 186
3500 50 81 354 39 Y] 57 | 69 B2 | 115 | 138 | 181 184
4000 89 78 32.0 ) 30 | 56 | 68 o1 | 114 | 138 | 158 182
4500 7 75 3.5 a2 30 55 a7 80 | 111 | 133 | 15 178 |
5000 86 74 31.0 ) Z3 | 54 | 66 a6 | 110 | 132 | 154 176
5500 35 72 305 7] 29 | 63 | 66 87 | 108 | 130 | 152 173
5000 84 70 30.1 T 28 | 53 | 64 86 | 107 | 128 | 150 7
8500 82 88 20.6 a7 28 | 52 | 68 84 | 105 | 126 | 148 87
7000 X 66 29.2 a8 28 | 51 62 83 ] 163 | 124 | 145 165 7~
7500 30 B4 8.7 50 7 | ¢ | 61 Bz | 10z | 122 | 143 63 :
8000 5] 82 28.3 52 27 | 50 | 60 81 | 10t | 121 | 41 o1 ——
8500 77 0 Z78 ) 26 | 42 | &9 79 | 88 | 118 | 128 157
9000 76 58 74 3 26 | 48 | 58 78 | o7 | 116 | 126 155
9500 75 56 27 57 25 | 4t | 57 77 | 88 | 115 | 124 153
10000 74 54 26.6 59 = | 4 | 57 76 B4 | 113 | 132 181
10600 73 53 26.2 0 25 | 48 | 56 74 B3 | 12 | 120 49
11000 72 i3 25.7 83 24 | 45 | 55 73 | 82 | 110 | 128 147
11500 70 50 355 54 24 | 24 | 54 7 88 | 107 | 126 143
12000 69 38 249 67 24 | 44 | = 70 | e8| 106 | 123 49
12500 68 a8 246 70 23 | 43 | s2 88 | e | 104 | 129 138
13000 &7 45 74 71 23 | 42 | 8 86 | o5 | 108 | 120 1a7
13500 66 44 238 73 22 | 42 | 8 87 | 84 | 101 | 118 135
14000 65 a2 234 76 2 | 41 50 % | 83 | o | 116 133
14500 64 a1 23.0 78 22 | 40 | 49 85 | 62 ] 98 | 118 131
15000 83 40 22.6 80 2 0 | 48 84| 80 ] % | 113 128

Limit for 36 oz. Blower. Above this altitude use the biower altitude kit or compressed air

atomization.

4500 Ft. For Light Qil

2500 Ft. For Heavy Qil

For ES25 and ES50, the blower altitude kit is the only available option for high altitude

installations. )




mﬂm.ﬁm.ﬂm T Y e

/‘A’w—





