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Overview

• Research objective:

• Continued experimentation with NexGen burner configurations to optimize burner performance

- Desire a heat flux more in line with the requirement (4500 BTU/hr)

• Approach:

• Obtain temperature and heat flux map of existing configurations

• Further experiment with different draft tube configurations

- Types of components and the spacing of those components

- For all experimental configurations, inputs to the burner (fuel and air pressure) remain 

constant. The only variable should be the burner configuration itself.

- Fuel: 115 psi, Air: 50 psig

• Promising candidates will be selected for full temperature/heat flux mapping and burn-through 

testing

• Evaluate additional burner operating conditions (fuel/air inputs) by varying total mass flow



Outline

• Summary of existing burner configurations

• Temperature and heat flux mapping

• Horizontal and vertical orientations

• Result of further experimentation of draft tube components

• Comparison of burner configurations – calibration results

• Panel testing : burn through results and comparisons

• Effect of total mass flow on burner performance

• Operating conditions for optimal heat flux

• Summary



Starting Configurations – Overview

• FAA Configuration

- NexGen burner plans as currently shown on FAA website

• Modified Configuration A

- Previously developed by experimentation at UC to achieve lower heat flux

Burner cone not shown

At 1.5" above burner centerline:

Average 
Temperature (F)

Total Heat Flux (BTU/hr)

Average Peak

2133 6323 6802

At 1.5" above burner centerline:

Average 
Temperature (F)

Total Heat Flux (BTU/hr)

Average Peak

2058 5260 5902

Static Plate and F31 Flame Retention Head manufactured by Beckett and purchased from patriot-supply.com. Full link: http://www.patriot-

supply.com/products/showitem.cfm/BECKETT_F31, other flame retention head designs are available.



Burner Mapping – Horizontal and 

Vertical Orientations



Burner Mapping Overview

Desire a more comprehensive look at the temperature and heat flux output of various 

burner configurations.

• Mapping is conducted using both horizontal and vertically operated burners

• Temperature is recorded in 0.5” increments

- Using 1/16” Type K Exposed Bead TCs

• Heat Flux is recorded in 1.5” increments

- Heat Flux is allowed to rise for 30 seconds before recording starts

- Heat Flux is time averaged over the full typical 3 minute calibration period

- Peak Heat Flux is also reported

- Using RTDs for temperature measurement

Burner next to Heat Flux tube



FAA Config - Horizontal

FAA Configuration

Individual TC Averages (deg F)

1 2 3 4 5 6 7

690 677 685 909 1175 1409 1580

1019 925 824 1011 1280 1558 1747

1525 1332 1150 1234 1444 1721 1880

1790 1609 1520 1645 1858 2012 2056

2068 1919 1864 1961 2078 2125 2137

2179 2075 2087 2107 2148 2135 2129

2214 2113 2126 2123 2148 2115 2091

2211 2097 2100 2093 2117 2067 2020

2196 2075 2079 2076 2089 2030 1960

2149 2045 2059 2061 2042 1929 1795

2095 2011 2033 2014 1946 1801 1607

1951 1912 1969 1930 1827 1643 1418

1677 1705 1795 1750 1644 1435 1209

1372 1483 1568 1521 1361 1149 955

1082 1194 1287 1236 1145 954 755

777 890 985 964 897 769 633

TC #

Average Peak

4.5 1018 2764 2977

4 1195

3.5 1469

3 1785 5040 5336

2.5 2022

2 2123

1.5 2133 6323 6802

1 2101

0.5 2072

0 2011 5538 5930

-0.5 1930

-1 1807

-1.5 1602 3614 3824

-2 1344

-2.5 1093

-3 845 1764 1910

Total Heat Flux (BTU/hr)Height 

(inches)
Average 

Temperature (F)



FAA Config - Vertical

FAA Configuration

1 2 3 4 5 6 7

6 773 736 611 555 555 560 590

1139 1090 929 828 778 873 919

1563 1501 1371 1305 1230 1315 1376

1870 1796 1728 1712 1625 1716 1760

2041 1985 1984 2002 1971 2027 2053

2120 2047 2057 2083 2091 2141 2164

2148 2063 2060 2088 2106 2161 2181

2150 2057 2057 2083 2098 2152 2174

2161 2068 2060 2081 2095 2144 2150

2152 2062 2071 2085 2089 2106 2090

2023 1954 1993 2024 2026 2007 1942

1745 1734 1798 1840 1866 1780 1730

0 1318 1364 1458 1546 1618 1543 1465

Length (inches) 1 2 3 4 5 6 7 8 9 10 11

TC #

Average Peak

3 626 2016 2106

2.5 937

2 1380

1.5 1744 4690 5063

1 2009

0.5 2101

0 2115 5809 6359

-0.5 2110

-1 2108

-1.5 2094 4912 5420

-2 1995

-2.5 1785

-3 1473 2998 3158

Height 

(inches)
Average 

Temperature (F)

Total Heat Flux (BTU/hr)



Modified Config A - Horizontal
Modified Configuration A

1 2 3 4 5 6 7

676 674 611 656 717 891 967

1079 1006 867 853 829 991 1171

1442 1285 1113 1086 1116 1303 1478

1854 1631 1470 1435 1454 1622 1758

2130 1957 1816 1780 1756 1836 1881

2155 2124 2088 2024 1959 1909 1950

2070 2038 2182 2123 2068 1967 1960

2044 1964 2161 2210 2140 2018 1989

2026 1999 2131 2262 2200 2060 2015

1970 2065 2161 2277 2223 2082 2034

1805 2067 2200 2183 2178 2084 2048

1623 1926 2038 1980 2047 2002 1974

1296 1607 1711 1644 1697 1743 1734

1101 1327 1420 1369 1430 1471 1447

876 1007 1064 1019 1081 1135 1117

691 753 782 723 771 798 767

TC #

Individual TC Averages (deg F)

Average Peak

4.5 742 2089 2197

4 971

3.5 1260

3 1603 4576 4850

2.5 1879

2 2030

1.5 2058 5260 5902

1 2075

0.5 2099

0 2116 4903 5352

-0.5 2081

-1 1941

-1.5 1633 3570 3761

-2 1366

-2.5 1043

-3 755 1575 1711

Total Heat Flux (BTU/hr)Height 

(inches)
Average 

Temperature (F)



1 2 3 4 5 6 7

594 568 524 481 481 471 451

902 749 618 569 643 736 654

1498 1195 928 856 988 1206 1037

1970 1729 1411 1344 1461 1645 1394

2140 2062 1929 1834 1856 1912 1688

2202 2138 2144 2117 2058 1987 1851

2122 1988 2048 2182 2141 2038 1938

2153 1998 1916 2139 2214 2087 1979

2142 2136 1961 2159 2242 2111 1992

2013 2016 2239 2264 2171 2105 1838

1774 1758 2074 2207 2153 2110 1785

1479 1419 1857 2119 2095 2022 1676

1083 1091 1509 1840 1889 1679 1357

Length (inches) 1 2 3 4 5 6 7 8 9 10 11

TC #

Modified Configuration A

Modified Config A – Vertical

Average Peak

3 510 1809 1852

2.5 696

2 1101

1.5 1565 4882 5141

1 1917

0.5 2071

0 2065 5038 6412

-0.5 2069

-1 2106

-1.5 2092 4458 5108

-2 1980

-2.5 1809

-3 1493 2920 3032

Height 

(inches)
Average 

Temperature (F)

Total Heat Flux (BTU/hr)



Result of Continued Burner 

Experimentation



Modified Configuration B

• Continued experimentation with draft tube components and spacing yielded a new configuration 

with slightly more optimal heat flux

• Two key changes from ‘Modified Configuration A’:

-Static Plate depth increased to 6.5” (from downstream end of Flame Retention Head)

-Nozzle (typically 2.5 GPH 80°Type W) replaced with Delevan 2.25 GPH 80°Type B

1 2 3 4 5 6 7

833 762 688 765 674 585 741

1120 989 899 990 913 834 986

1493 1313 1177 1254 1207 1158 1231

1853 1636 1487 1565 1543 1524 1582

2005 1921 1806 1837 1844 1828 1840

2026 2000 1946 1939 1962 1942 1926

1979 1955 1970 1966 2000 1990 1969

1944 1925 1993 1997 2022 2000 1920

1946 1925 2003 1996 2017 1997 1921

1909 1987 2008 1943 1946 1947 1944

1856 2029 1963 1819 1805 1845 1881

1669 1992 1854 1676 1625 1700 1801

1467 1722 1565 1416 1377 1466 1634

1150 1351 1289 1210 1147 1181 1349

847 1018 1045 1008 929 912 1011

592 672 810 803 721 672 710

1 2 3 4 5 6 7 8 9 10 11

TC #
Average Peak

4.5 720 2013 2135

4 960

3.5 1260

3 1600 4301 4392

2.5 1867

2 1963

1.5 1975 5118 5546

1 1972

0.5 1972

0 1955 4726 4980

-0.5 1885

-1 1758

-1.5 1520 3408 3541

-2 1237

-2.5 965

-3 711 1420 1534

Total Heat Flux (BTU/hr)Height 

(inches)
Average 

Temperature (F)



1 2 3 4 5 6 7

432 486 463 439 438 368 379

653 581 520 501 526 543 622

1139 886 642 670 830 994 1071

1750 1355 936 967 1269 1468 1468

2034 1829 1392 1419 1688 1788 1756

2087 1969 1757 1742 1873 1913 1867

2033 2010 1943 1951 1976 1979 1921

1961 2037 2032 2059 2045 2015 1947

1994 2051 2079 2114 2085 2034 1962

2103 2038 2073 2139 2107 2058 1979

1977 1895 1932 2078 2097 2054 1957

1619 1570 1578 1868 2039 1993 1848

1168 1172 1219 1530 1817 1714 1550

Length (inches) 1 2 3 4 5 6 7 8 9 10 11

TC #

Modified Configuration B

Modified Config B - Vertical

Average Peak

3 429 1392 1435

2.5 564

2 890

1.5 1316 3685 3799

1 1701

0.5 1887

0 1973 4604 5041

-0.5 2013

-1 2046

-1.5 2071 4372 4912

-2 1999

-2.5 1788

-3 1453 2778 2844

Height 

(inches)
Average 

Temperature (F)

Total Heat Flux (BTU/hr)



Comparison of Calibration Results
-FAA Configuration

-Modified Config A

-Modified Config B



Result Comparisons – Horizontal Burner

At typical calibration height of 1.5” above centerline: 

FAA Config Modified A Modified B

*Calibration TCs were worn out. When replaced with new TCs, temperature above 2000 F is achieved.  

Temperature (F) Heat Flux (avg) (BTU/hr) Heat Flux (peak) (BTU/hr)

1975* 5118 5546Modified B

Modified A

FAA Config 2133 6323 6802

2058 5260 5902

‘Modified Configuration B’ demonstrates lowest heat flux of all configurations 

tested (at same fuel / air input of 115 / 50 psi, respectively). Temperature 

distribution also appears most uniform.



Result Comparisons – Vertical Burner

FAA Config Modified A Modified B

Temperature (F) Heat Flux (avg) (BTU/hr) Heat Flux (peak) (BTU/hr)

Modified B 1973 4604 5041

FAA Config 2115 5809 6359

Modified A 2065 5038 6412

At centerline of burner cone (vertically oriented): 



Burn Through Panel Testing



Panel Testing Overview

• Materials:

-24x24” aluminum panel with screw and nut located at panel centerline

-19x19” Tex-Tech felt panel (material availability did not allow for 24x24”)

-1/8” TC measuring backside air temperature intended to aid burn-through detection

• Cone centerline located 1.5” below panel centerline

• Each result is an average of multiple trials

Aluminum

Tex-Tech Felt



Burn Through Test Result

Aluminum Panel:

Tex-Tech Felt Panel:

• Burn through times indicate Modified B burner configuration 

slightly less severe than others.

• Burn through times indicate both configurations using FRH + static 

plate + stator slightly less severe than the configuration using 

turbulator + stator.

Temperature (F) Heat Flux (avg) (BTU/hr) Heat Flux (peak) (BTU/hr) Bolt Drop Time

2021 5061 5450 1m53s

FAA Config

Modified A

Modified B

2120 6100 6623 1m39s

2105 5604 6282 1m34s

Temperature (F) Heat Flux (avg) (BTU/hr) Heat Flux (peak) (BTU/hr) Burn Through Time

FAA Config 2025 5930 6797 6m30s

Modified A 2037 5497 6607 7m18s

Modified B 1945 4805 5358 7m25s



Additional Burn Through Testing

@ equivalent 

operating 

conditions

@ ~equivalent 

temperatures

• Prior calibrations and burn-through results obtained using constant burner inputs 

(fuel and air settings)

• Set all configurations to equivalent temperature and compare heat flux and burn-

through performance

Temperature (F) Heat Flux (avg) (BTU/hr) Heat Flux (peak) (BTU/hr) Bolt Drop Time Eq. Ratio

0.96

0.96

0.852021 5061 5450 1m53s

FAA Config

Modified A

Modified B

2120 6100 6623 1m39s

2105 5604 6282 1m34s

Temperature (F) Heat Flux (avg) (BTU/hr) Heat Flux (peak) (BTU/hr) Bolt Drop Time Eq. Ratio

0.85Modified B 2021 5061 5450 1m53s

0.84

Modified A 2008 5030 5441 2m20s 0.83

FAA Config 2022 5672 5931 3m26s



Effect of Total Mass Flow



Calculate Flow Conditions

• Picked selection of flow conditions, holding equivalence ratio constant at 1, to 

observe the effect of total mass flow rate:

Air Pressure psig Air Mass Flow pph Fuel Pressure psi Fuel Mass Flow pph Eq Ratio

40 212.4 78.0 14.4 1

41 217.0 82.8 14.8 1

42 221.6 87.5 15.1 1

43 226.3 92.3 15.4 1

44 230.9 97.1 15.7 1

45 235.5 101.9 16.0 1

46 240.1 106.6 16.3 1

47 244.8 111.4 16.7 1

48 249.4 116.2 17.0 1

49 254.0 121.0 17.3 1

50 258.6 125.7 17.6 1

51 263.3 130.5 17.9 1

52 267.9 135.3 18.2 1

53 272.5 140.1 18.5 1

54 277.1 144.8 18.9 1

55 281.8 149.6 19.2 1

56 286.4 154.4 19.5 1

57 291.0 159.2 19.8 1

58 295.7 164.0 20.1 1

59 300.3 168.7 20.4 1

60 304.9 173.5 20.7 1

For the 2.5 GPH Nozzle (FAA & Modified A Configs)

Air Pressure psig Air Mass Flow pph Fuel Pressure psi Fuel Mass Flow pph Eq Ratio

40 212.4 107.2 14.4 1

41 217.0 113.0 14.8 1

42 221.6 118.8 15.1 1

43 226.3 124.6 15.4 1

44 230.9 130.4 15.7 1

45 235.5 136.2 16.0 1

46 240.1 142.0 16.3 1

47 244.8 147.8 16.7 1

48 249.4 153.6 17.0 1

49 254.0 159.4 17.3 1

50 258.6 165.2 17.6 1

51 263.3 171.0 17.9 1

52 267.9 176.8 18.2 1

53 272.5 182.6 18.5 1

54 277.1 188.4 18.9 1

55 281.8 194.2 19.2 1

56 286.4 200.0 19.5 1

57 291.0 205.8 19.8 1

58 295.7 211.5 20.1 1

59 300.3 217.3 20.4 1

60 304.9 223.1 20.7 1

For the 2.25 GPH Nozzle (Modified B Config)



Effect of Total Mass Flow – Horizontal Burner

• Evaluate calibration performance of the various configurations over a range of 

operating conditions by varying the total mass flow into the burner

• At 1.5” above burner centerline:

FAA 40 78 1 227 1975 4964 5256

FAA 45 102 1 252 2082 5723 6228

FAA 50 126 1 276 2177 6432 7125

FAA 55 150 1 301 2223 6779 7531

Temperature 

(F)

Heat Flux (avg) 

(BTU/hr)

Heat Flux (peak) 

(BTU/hr)

Burner 

Configuration

Air Pressure 

(psig)

Fuel Pressure 

(psi)

Eq. 

Ratio

Total Mass 

Flow (pph)

Modified A 40 78 1 227 2020 4652 5319

Modified A 45 102 1 252 2107 5208 5900

Modified A 50 126 1 276 2166 5676 6495

Modified A 55 150 1 301 2197 5961 6748

Burner 

Configuration

Air Pressure 

(psig)

Fuel Pressure 

(psi)

Eq. 

Ratio

Total Mass 

Flow (pph)

Temperature 

(F)

Heat Flux (avg) 

(BTU/hr)

Heat Flux (peak) 

(BTU/hr)

Modified B 40 107 1 227 2005 4212 4791

Modified B 45 136 1 252 2058 4741 5329

Modified B 50 165 1 276 2070 5117 5619

Temperature 

(F)

Heat Flux (avg) 

(BTU/hr)

Heat Flux (peak) 

(BTU/hr)

Burner 

Configuration

Air Pressure 

(psig)

Fuel Pressure 

(psi)

Eq. 

Ratio

Total Mass 

Flow (pph)



Effect of Total Mass Flow – Vertical Burner

• Vary the total mass flow into the burner and observe the effects on calibration 

result

• At burner centerline (vertically oriented):

FAA 40 78 1 227 2038 4769 5184

FAA 45 102 1 252 2132 5031 5488

FAA 50 126 1 276 2187 5199 5774

FAA 55 150 1 301 2182 5458 5893

Temperature 

(F)

Heat Flux (avg) 

(BTU/hr)

Heat Flux (peak) 

(BTU/hr)

Burner 

Configuration

Air Pressure 

(psig)

Fuel Pressure 

(psi)

Eq. 

Ratio

Total Mass 

Flow (pph)

Modified A 40 78 1 227 1995 4308 5080

Modified A 45 102 1 252 2031 4691 5471

Modified A 50 126 1 276 2065 4914 5741

Modified A 55 150 1 301 2116 5241 6167

Burner 

Configuration

Air Pressure 

(psig)

Fuel Pressure 

(psi)

Eq. 

Ratio

Total Mass 

Flow (pph)

Temperature 

(F)

Heat Flux (avg) 

(BTU/hr)

Heat Flux (peak) 

(BTU/hr)

Modified B 40 107 1 227 1958 4604 5041

Modified B 45 136 1 252 2019 4484 5216

Modified B 50 165 1 276 2044 4705 5434

Temperature 

(F)

Heat Flux (avg) 

(BTU/hr)

Heat Flux (peak) 

(BTU/hr)

Burner 

Configuration

Air Pressure 

(psig)

Fuel Pressure 

(psi)

Eq. 

Ratio

Total Mass 

Flow (pph)



Operating Conditions for Optimal Heat 

Flux



Modified Config B, New Burner Inputs, Horizontal

• ‘Modified B’ Config operated at Air = 40 psi and Fuel = 107 psi demonstrated an 

average heat flux below the minimum requirement at typical calibration height. 

Full burner map desired.

Average Peak

4.5 1010 2940 3133

4 1190

3.5 1460

3 1713 4325 4631

2.5 1923

2 1961

1.5 2010 4249 4857

1 2006

0.5 2002

0 2008 4050 4595

-0.5 1950

-1 1818

-1.5 1565 3134 3284

-2 1348

-2.5 1058

-3 702 1395 1511

Height 

(inches)
Average 

Temperature (F)

Total Heat Flux (BTU/hr)



1 2 3 4 5 6 7

518 585 569 492 490 434 506

672 661 624 548 567 572 757

1066 865 708 716 825 862 1104

1662 1279 942 1104 1321 1334 1457

1992 1720 1301 1553 1754 1687 1714

2021 1938 1751 1860 1922 1880 1824

1899 2009 1970 2011 2001 1967 1851

1816 2039 2050 2091 2038 1975 1830

1839 2019 2095 2147 2055 1949 1768

2079 2087 2118 2150 2019 1815 1566

2048 1952 1975 2087 1963 1684 1293

1711 1660 1727 1971 1929 1604 1130

1263 1241 1329 1682 1789 1509 1014

Length (inches) 1 2 3 4 5 6 7 8 9 10 11

TC #

Modified Config B, New Burner Inputs, Vertical

• Air = 40 psi and Fuel = 107 psi. Full vertically oriented burner map taken for 

comparison.

Average Peak

3 513 1579 1624

2.5 629

2 878

1.5 1300 3771 4019

1 1674

0.5 1885

0 1958 4142 4863

-0.5 1977

-1 1982

-1.5 1976 3667 4188

-2 1857

-2.5 1676

-3 1404 2394 2450

Height 

(inches)
Average 

Temperature (F)

Total Heat Flux (BTU/hr)



Summary

• Desire to achieve with the NexGen burner a heat flux that is more in line with the 

requirement of 4500 BTU/hr

• Draft tube components and spacing were varied iteratively to create novel 

configurations

• Comparisons of calibration results, burner temperature and heat flux maps, and 

panel burn through testing were made

• A new configuration, ‘Modified B’ was found to achieve the lowest peak and 

average total heat flux of the candidates, in both horizontal and vertical 

orientations

• Burn through testing indicates ‘Modified B’ to be the least severe of the 

configurations tested

• Total mass flow was varied to determine burner performance over a range of 

operating conditions

• In some cases, the average total heat flux of ‘Modified B’ burner configuration may 

be below minimum requirement of 4500 BTU/hr. However, total mass flow can be 

increased to bring heat flux to desired value.



Thank You

Contact Information:

San-Mou Jeng

jengsu@mail.uc.edu 

Ryan Hasselbeck

hasseljr@mail.uc.edu

Prashant Khare

kharept@mail.uc.edu


