
Greg Blonder – March 2015 -- More info at   http://www.genuineideas.com/ArticlesIndex/sratlas.html 

The Science of Smokers 
Greg E. Blonder 

 
genuineideas.com/food.html for more details 
amazingribs.com for more recipes and advice  
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BBQ and Science? 
!"#!$%&'(##
!! )*+,#-.,/01/#"230.4,56#7,/844,59*:85;#
!! <*;;#=*>3,#?39@4,56#85#AB,;6C#D*E#68#;48+,#

!! 'F,G,#0;#58#',;6#
!! 'F,G,#0;#58#)*6F#
#

$.05085;#*G,#4E#8D5H#3;,#*6#E83&G,#E83G#8D5#G0;+I#

!"#!JKK(#
!! "L.>*05#F8D#D889#M3G5;#
!! N8D#D889#*99;#O*P8G#
!! $G0@05#8Q#6F,#;48+,#G05@#
!! N8D#F340906E#05O3,5/,;#/88+05@#
!! 'F,#/F*G*/6,G0;:/;#8Q#6E.0/*>#;48+,G;#
!! R5;D,G#*5E#23,;:85;#E83#40@F6#F*P,#*M836#BBS#-/0,5/,#
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Fundamentals of Wood Combustion 
" 

Fundamentals of Smoke Flavor 
"#

Role of Humidity 
"#

Compare 
Smokers 
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What is Wood? 

T,>>3>8;,# UVWHXVW#

N,40H/,>>3>8;,# YVWHZVW#

K0@505# YVWHZVW#

!"##$#%&"#*G,#6F,#MG0/+;#
'()*(*#0;#6F,#48G6*G[#G,M*G#*59#D*6,G.G8815@#
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What is Wood? 

!

"#$!%$&&'&()$!*+,-.!/!0&'-()$!!1!!234$+!!
%5678"9!!!!!!!!!!!!!!!!!!!/!!%567:"5!!!!1!!!!6:"!!

!! !!

-,*;85,9#D889#0;#YVW#D*6,G[#*59#6F,#G,;6#9,FE9G*6,9#;3@*G#*59#@>3,I#

J5#*#1G,[#/,>>3>8;,#.G893/,;#Q,D#O*P8G#
48>,/3>,;##H#48;6>E#M3G5,9#;3@*G##
#
'()*(*#0;#6F,#;83G/,#8Q#BBS#O*P8G#

www.genuineideas.com/ArticlesIndex/sratlas.html
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What is Smoke? 
A-48+,C#0;#6F,#=J-JBK"#@*;,83;#MEH.G893/6;#8Q#D889#/84M3;:85\#
#
J5/>39,;# #.*G:/>,;#8Q#/*GM85#];886^#

# # #9G8.>,6;#8Q#/G,8;86,#*59#D*6,G#
)8;6#8Q#6F,#M*G+#/8>8G#/84,;#QG84#6F,#P0;0M>,#;48+,#
#

# ##
T84M3;:85#*>;8#.G893/,;#J%=J-JBK"#@*;,;#
)8;6#8Q#6F,#O*P8G#/84,;#QG84#6F,#05P0;0M>,#@*;;,;I#
#
-48+,#AO*P8GC#0;#*#40;584,G_\#
#
B36#Q8G#/85P,50,5/,[#D,&>>#/*>>#M86F#A;48+,C\#
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Invisible Smoke Rules! 
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-48+,#`>*P8G##\VaW#
-48+,#RG84*#\VaW#

"5*M>,;#-48+,#705@#

<G8.8G:85;#9,.,59#
85#/84M3;:85#

T8590:85;#*59#A-63bC#

TF,40/*>#T84.8;0:85#8Q#!889#-48+,#
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A word about smoke safety 

!889#;48+,#0;#68L0/#*59#/*G/058@,50/[#>0+,#/0@*G,c,#;48+,#
#Hd#!F0/F#0;#DFE#D889#;68P,#*59#;48+,G#G,@3>*:85;#/G,,.#05#

#
-48+,9#`$$e#F*;#>0c>,#68#58#9,485;6G*6,9#G0;+#
#######]*59#4*E#.G8P09,#5,6#M,5,16;^#
#
$.,5#0;;3,(#+$;'-,#<!=34!>3+$1'?)!3#;!@A6)!

$.05085;#*G,#4E#8D5H#3;,#*6#E83&G,#E83G#8D5#G0;+I#
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Combustion- Scientists Are 
Still figuring out fire chemistry 

BG8*9>E#;.,*+05@[#6F,G,#*G,#`$f7#;6*@,;#8Q#/84M3;:85(#
#
J\! e,FE9G*:85H#D*6,G#;6,*4;#836[#*;#98#;84,#;04.>,#8G@*50/#48>,/3>,;#
JJ\! <EG8>E;0;H#%8#O*4,;#%8#$Y[#M36#/84.>,L#@*;,;#Q8G4,9#*59#,P*.8G*6,#
JJJ\! B3G505@#B3;FH#g*;,;#M3G5[#M36#D889#0;#586#/85;34,9#]>0+,#*#/*59>,#*59#D0/+^#
J=\! T84M3;:85H#/*GM85#*59#/F*G/8*>#M3G5#
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Flavor depends on temperature 
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But Wood is Never at One Temp! 
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“Best” Smoke flavor- 
according to most commercial 

producers and taste panels 

!! f50Q8G4#/84M3;:85#68#*P809#9,,.#;48>9,G05@#
!!!,>>#8LE@,5*6,9#1G,#
!! R#>0c>,#480;63G,#
!! ',4.#;>0@F6>E#*M8P,#09,*>#h85,#68#*P809#M0c,G5,;;#daVVV`#
#

!,&>>#;,,#F8D#/84M3;:85#/8590:85;#P*GE#05#90b,G,56#;48+,G;[#
M36#F8D#98,;#;48+,#4*+,#06#0568#6F,#4,*6i#
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Small Molecules Diffuse 
FASTER and FARTHER 
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Smoke Molecules Are BIG 
-*>6#j#6F,#:50,;6#085;[#-'JKK#6*+,;#YU#FG;##

# # # #68#90b3;,#aC#0568#4,*6#05#6F,#QG09@,#
#

]DF0/F#0;#DFE#E83#MG05,#/8G5,9#M,,Q#Q8G#*#D,,+#*59#;F83>9#9GE#G3M#8P,G50@F6^#

#
-48+,#O*P8G#M*G,>E#@,6;#.*;6#6F,#;3GQ*/,#05#YU#FG;II#

@3*0*/8># D*6,G#
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Smoke Flavor is only on the surface 
and can be washed off 

-48+,#O*P8G#@,5,G*>>E#-NRKK$!"7#6F*5#G05@#9,.6FI#
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More Smoke Flavor 
T8>9#),*6#*cG*/6;#;48+,#
)80;6#;3GQ*/,#*cG*/6;#;48+,#
'3GM3>,5/,#MG05@;#;48+,#68#6F,#4,*6#
),*6#43;6#M,#05#*0GO8DH#`,GG0;#DF,,>#8G#/85P,/:85#Q*5#
RP809#D*;F05@#8b#;48+,#O*P8G#D06F#F,*PE#48.#8G#MG*0;,#
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Does the wood matter? 

!!!889#-.,/0,;#
!!B*G+#
!!-80>#
!!N*GP,;6#:4,#
!!-,*;8505@#

T84M3;:85#*59#O*P8G(#
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Does the wood matter? 
JQ#E83G#/3;684,G;#/*5#6,>>#6F,#90b,G,5/,#
JQ#E83#985&6#9G8D5#6F,#;48+,#05#BBS#;*3/,#
JQ#E83#985&6#D*;F#8b#6F,#;48+,#O*P8G#
JQ#E83#985&6#40;4*5*@,#6F,#/84M3;:85#/8590:85;#
#

#6F,5[#k"-#
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Does wood seasoning matter? 
)80;63G,#/856,56#)R''"7-I#
'88#D,6(#D*;6,#,5,G@E#M80>05@#8b#D*6,G[#*59#:>6;#/84M3;:85#.G893/6;#68D*G9;#*/G09#
'88#9GE(#/*5586#;3..>E#,583@F#*0G#68#M3G5#/84.>,6,>EH#:>6;#/84M3;:85#68D*G9;#;886#

K0P,#6G,,H#)80;63G,#T856,56#D*6,G#D,0@F6leGE#!889#D,0@F6#])Te!^#3.#68#amVW#
###,\@\#Z#>M;#8Q#D*6,G#05#Y#>M;#8Q#9GE#D889namVW#)Te!##

T*5#6,>>#)Te!#ME#F,o#8Q#;.>06#>8@[#/G*/+05@[#8G#;8359#M*5@05@#68@,6F,G#
B36#*#480;63G,#4,6,G#0;#48G,#*//3G*6,#*59#/85;0;6,56#
<G8P0905@#E83#Q8>>8D#4*53Q*/63G,G&;#90G,/:85;#

Je"RK#)Te!#paqWHYmW#

K02309#D*6,G#05#.8G,;#DG05@;#836#230/+>E[##
#>,*P05@#pZVW#)Te!#/F,40/*>>E#*M;8GM,9#D*6,G#

!06F#836988G#;,*;8505@[#ZVW#9,/>05,;#M,>8D#YmW#
B36#,*/F#>8@#05#6F,#.0>,#0;#90b,G,56_#
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Smoke Flavor 
$! daVV#TF,40/*>;#05#;48+,#
$! -84,#;48+,#/84.85,56;#F*P,#D,*+#*G84*;[#86F,G;#056,5;,#
$! 'FG,,#98405*6,[#@3*0*/8>[#;EG05@8>#*59#/*G*4,>;#
$! -84,#O*P8G;#,P*.8G*6,#05#40536,;#]DF0/F#0;#DFE#G,F,*:5@#0;#;3/F#*#/F*>>,5@,^#
$! -84,#48G.F#*59#4399E#D06F#;6,*405@#8G#/G0;.05@#85#O*6H68.#
#
'F,#TNRKK"%g"(#
###T*5#6*;6,#*59#;4,>>#aVV#.*G6#.,G#6G0>>085H##

# #;4*>>#*48356;#8Q#M0c,G#O*P8G;#/*5#98405*6,#
#
B0@@,;6#40;6*+,H#/856G8>>05@#6,4.#ME#9*4.05@#1G,[#M,;6#68#/856G8>#23*5:6E#8Q#Q3,>#
################################8G#;,.*G*6,#F,*:5@#QG84#;48+,#@,5,G*:85#
#
################################8G#;,.*G*6,#F,*:5@#QG84#;48+,#@,5,G*:85#

+(,-.&,"/&
################################8G#;,.*G*6,#F,*:5@#QG84#;48+,#@,5,G*:85#

0/$#"10+(,-.&,"/&0/$#"10
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Mr. Osborn, may I be excused? 
My brain is full. 
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Smoke Ring Overview 

$! ),*6#0;#.05+#93,#68#)k$gK$BJ%[#586#M>889#
$! )E8@>8M05#MG,*+;#98D5#*59#63G5;#@G*E#M,6D,,5#aUV`#*59#arm`#
]9,.,5905@#85#;.,/0,;[#;>*3@F6,G05@#/8590:85;[#.N[#\\^#

$! %06G0/#$L09,#]%$^#0;#.G893/,9#93G05@#TK"R%#D889#/84M3;:85#
$! %$#*/6;#>0+,#*#.F868@G*.F0/#A1L,GC[#*59#/85P,G6;#4E8@>8M05#68#
*#F,*6H;6*M>,#.05+#/84.8359\#

$! J`#06#*GG0P,;#*6#6F,#4,*6#M,Q8G,#6F,#6,4.,G*63G,#0;#688#F0@F\#
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The ring stops growing when 
Myoglobin is destroyed by heat 



Greg Blonder – March 2015 -- More info at   http://www.genuineideas.com/ArticlesIndex/sratlas.html 

Nitrogen is Rare in Wood 
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NO from air makes a weak ring 
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And Nitric Oxide Concentration 
Depends on Wood and Combustion 
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NO easily penetrates FAT 
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Ways to Increase Smoke Ring 

•! 7,48P,#8G#6F05#6F,#Q*6\#
•! -6*G6#D06F#/8>9#4,*6\##
•! s,,.#6F,#4,*6t;#;3GQ*/,#480;6#]M36#586#9G0..05@#D,6^\###
•! f;,#Q3,>#D06F#F0@F#506G8@,5#/856,56\#
•! s,,.#6F,#Q3,>#9GEHH#58#D,6#D889#F35+;I#
•! -6*G6#8b#D06F#*#P0@8G83;#1G,[#6F,5#9G8.#98D5#68#;>8D#*59#>8D\#
•! eG8.#6F,#/88+#6,4.,G*63G,\#
•! <G86,/6#QG84#056,5;,#*0G#/3GG,56;\##
•! s58/+#6F,#*;F,;#8b#6F,#MG023,c,;#8G#/8*>;\#
•! f;,#>,;;#;*>6#05#6F,#G3MH#+,,.#06#359,G#alY#6;.#8Q#6*M>,#;*>6l>M#
•! J5/G,*;,#6F,#.N#8Q#6F,#4,*6\#
•! RP809#*5#*/090/#G3M#8G#4*G05*9,#,*G>E#05#6F,#;48+,\##
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Role of Humidity 

N340906E#F,>.;#/8>>*@,5#MG,*+#98D5#*59#6,59,G0h,;#4,*6#
N340906E#04.G8P,;#E0,>9#*59#.G816H#>,;;#;FG05+#
N340906E#05/G,*;,;#;48+,#O*P8G#
-84,:4,;#;.,,9;#3.#/88+05@#
#

B36#;84,#;48+,G;#*G,#*;#9GE#*;#6F,#9,;,G6[#
93,#68#F0@F#*0GO8D#*59#05,b,/:P,#480;63G,#;E;6,4;#
!
B$C3)!-+'4-D!,)!3#!3&4$+#3EF$G!!
!H'4!3I$-4)!H3+.!3#;!J3)D$)!)K(.$!,#4(!L')!
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Range of Humidities 
s06/F,5#$P,5#uYYm`## # #v#aW#7N#
<,>>,6#-48+,G## # # # # #vZW#
#!06F#.G8.,G#D*6,G#M*6F#pamW#

"L*4.>,(#
mW#D06F836#>*P*;685,;#
amW#D06F#>*P*;685,;#

<G8.*5,#/84M3;:85#*59#4,*6#w30/,;#*>;8#/856G0M36,#480;63G,#68#*0G#
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3% vs 15% RH Smokers 
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Humidity 

%,,9#68#s%$!#6F,#F340906E#05#E83G#;48+,G#
-F83>9#M,#05#6F,#G*5@,#8Q#aVHYVW#

RG4,9#D06F#Science#[#58D#85#68#/84.*G05@#;48+,G;(#
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Three Kinds of Smokers 

•! -48+,#QG84#D889#x#N"R'#QG84#/84M3;:5@#D889##
•! -48+,#QG84#D889#x#;,/859*GE#]O*P8G>,;;^#Q3,>#Q8G#F,*6#
•! `*3L#-48+,#QG84#/F,40/*>#6G,*64,56#
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Wood-Fired, Wood-Heated Smokers 

•! $.,5#.06#
•! -:/+#B3G5,G#
•! <,>>,6#`0G,9#-48+,G#



Greg Blonder – March 2015 -- More info at   http://www.genuineideas.com/ArticlesIndex/sratlas.html 

Open Pit and Burn Barrel 
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Open Pit Smoker 

Advantages 
•! Great  ‘cue 
•! “Authentic” 
•! Uniform combustion with 

burn barrel 
•! Bitter flavors evaporated in 

burn barrel 
•! Smoke, and sometimes 

drip flavors 

Issues 
•! High fuel costs 
•! Fire hazard->fires->high 

insurance->meet modern 
standards-> close pit 

•! Rarely automated 
•! Highly dependent on skill 

of pitmaster 
•! Tough life 
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Stick Burner 
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Stick Burner Smoker 

Advantages 
•! Clean smoke flavor 
•! Simple,  no moving parts, 

low maintenance 
•! Traditional 

Issues 
•! Fuel Costs 
•! Sometimes erratic results 
•! Uniformity 
•! Temperature control 
•! 200 air exchanges an hour  
•! Small stick burners can be 

dry 
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Pellet Fired Smoker 
N*G9D889#.,>>,6;#;/G,DHQ,9#68#/84M3;:85#/F*4M,G#
`8G/,9H*0G#Q3>>E#*59#350Q8G4>E#M3G5;#.,>>,6;#
',4.,G*63G,#*9w3;6,9#ME#/E/>05@#D889#;3..>E#
g,5,G*>>E#Q3>>#,>,/6G850/#/856G8>#*59#Q,,9M*/+#

`0G,.86#68G5*98#
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Pellet Fired Smoker 

Advantages    
•! Small fire, large air 

“miniature burn barrel” 
•! Clean smoke 
•! Little ash 
•! Set it and forget it 
•! Easy to blend wood 

species, even grasses and 
herbs 

•! Consistent 

Issues 
•! Less smoke flavor at high 

temps 
•! Often dead air spots with 

low smoke exposure 
•! High air exchange often 

dries out meat surface 
•! Generally low humidity 
•! Some pellets deliver too 

little heat, and too much 
creosote. 
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Heat Assisted Smokers 

•! ">,/6G0/#-48+,G#
•! g*;#-48+,G#
•! -*D93;6#-48+,G#

]<,>>,6#-48+,G^#
•! `G0/:85#-48+,G#
•! TF*G/8*>#-48+,G#
•! 'D8H;6,.#
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Electric smoker 

<8D,G#8o,5#>0406,9#YV#R#/0G/306##Y#s!#*6#F84,[#X#s!#/844,G/0*>#
f59,G#aV#*0G#,L/F*5@,;#*5#F83G#68#.G,;,GP,#F,*6#
-48+,#QG84#F,*6,9#D889#8G#.,>>,6#6G*E#
'F,G48;6*:/*>>E#*59#8o,5#/84.36,G#/856G8>>,9#



Greg Blonder – March 2015 -- More info at   http://www.genuineideas.com/ArticlesIndex/sratlas.html 

Electric Smoker 

Advantages 
•! Very low cost of ownership 
•! Tightly sealed and High 

humidity 
•! Simple ventilation 
•! No skill required to operate 
•! Set and forget 
•! Holds low temps very well 
•! Can cold smoke 

Issues 
•! Poor combustion- too little 

heat and air 
•! Too little NO for smoke ring 
•! Sometimes bitter and black 

bark 
•! Hard to smoke at high 

temps 
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Gas Assisted 
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Gas Assisted Smoker 
Advantages 

•! Low cost of ownership 
•! Can generate sweet smoke 
•! “Gassy” taste a myth 
•! Generally humid 
•! Large Capacity 
•! Some fully computer 

controlled 
•! Transitional option from 

competition to restaurant 

Issues 
•! Can generate weak smoke 
•! Can generate bitter smoke 
•! High airflow sometimes 

dries meat 
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Sawdust Smoker 

-48>9,G05@#;*D93;6#
];84,:4,;#.G,;;,9#90;+;#8G#.,>>,6;^#
K8D#,LF*3;6#G,230G,4,56;#
735;#QG84#;04.>,#68#/84.36,G#/856G8>>,9#
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Sawdust Smoker 

Advantages 
•! Copious smoke 
•! Inexpensive fuel 
•! Good for cold smoking 
•! Low ventilation 

requirements 
•! Separate humidity system 
•! Agitated sawdust best 

Issues 
•! Smolders 
•! Smoke can be heavy or 

acrid 
•! Sawdust may be 

contaminated 
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Friction Smoker 
!F,G,#6F,G,#0;#;48+,[#6F,G,&;#1G,H#%$'I#
K34M,G#Q,,9;#*@*05;6#QG0/:85#DF,,>#
73MM05@#6D8#;:/+;#68@,6F,G#G,*/F,;#rVV`#68#qVV`#05#;,/859;#
R368#*59#4*53*>#Q,,9,G;#
#
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Friction Smoker 

Advantages 
•! On-demand smoke 
•! Combustion temperature 

in ideal zone (~700F) 
•! Low vent requirements 
•! Very predictable 

Issues 
•! Auxiliary humidity control 
•! Mechanically complex with 

potential maintenance 
issues 

•! Specialized fuel rods 
•! “Inauthentic” 
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Charcoal is “wood” that starts at Stage  4 

R>48;6#.3G,#/*GM85#
-F83>9#*99#85>E#F,*6[#*59#>0c>,#68#58#O*P8G#
<88G>E#/856G8>>,9#>34.#4*E#/G*/+>,#*59#.G893/,#/G,8;86,#
BG023,c,;#*990:P,;#4*E#/856G0M36,#;>0@F6#O*P8G[#,;.,/0*>>E#8LE@,5#;6*GP,9#
BG023,c,;#/85;0;6,56#F,*6#;83G/,#

K34.#F*G9D889# BG023,c,;H#D889x#/8*>#x#
86F,G#*990:P,;#

T8/8536#-F,>>#
"L6G39,9#/F*G/8*>#
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Charcoal-heated Wood Smoker 
TF*G/8*>#.G8P09,;#/85;0;6,56#F,*6#*59#P,GE#>0c>,#O*P8G#
!889#F35+;#.G8P09,#O*P8G#
-6E>,;H#@G*P06E#Q,9[#6G*E[#405085[#\\#
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Charcoal Heated Smoker 

Advantages 
•! Briquettes a predictable 

heat source 
•! Medium cost of fuel 
•! Traditional 
•! Reliable and simple 
•! Wood addition controls 

smoke level 
•! Sufficient heat to steam 

water tray 

Issues 
•! Wood hunks often under 

oxygenated and smolder 
(note- can’t “oversmoke” 
with too much wood!) 

•! Charcoal sometimes adds 
bitter flavors 

•! Generally manual control, 
but can be automated 
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Two-Step, Two-Machine Cooking: 
Smoke, then Steam 

•! R#>0c>,#M06#8Q#Q3>>E#/84M3;6,9#D889#@8,;#*#>85@#D*E#
•! -48+,#Q8G#am#40536,;#68#*#Q,D#F83G;#
•! 'F,5#6,59,G0h,#05#F0@F#F340906E#8P,5#

x#
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Two-Step Smoker 

Advantages 
•! Re-use existing equipment 
•! Optimize each step 
•! Helps hold meat til service 
•! Looks traditional 

Issues 
•! Bark suffers 
•! Less complex flavors 
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“Exotic” Smokers 
•! -3.,G/G0:/*>#-6,*4#XmV`HqVV`#
];*59#M>*;:5@#;*D93;6#D06F#D*6,G^#

•! K*;,G#8G#`>*;F#>*4.#68#0@506,#D889#
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Chemical “Smoke” 
f;,9#Q8G#;84,#/F,,;,;[#M*/85;[#4*>>#G,;6*3G*56;#

K02309#-48+,#
-89034#%06G06,#705@#
B,9#8Q#%*0>;#05w,/:85#

#D06F#'-<[#@34;[#M059,G;[#)-g#
<EG8>0h,9#Q*6#9G8..05@;#
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Summary 

•! !889#T84M3;:85#TG,*6,;#N,*6#*59#RG84*:/;#
•! 'F,#RG84*:/;#6*;6,#g7"R'#0Q#E83#/*5#*P809#
A/856*405*:85C#ME#86F,G#;48+,#05@G,90,56;#

•! T84M3;:85#/8590:85;#*G,#/G0:/*>#P*G0*M>,;#
•! N340906E#/856G8>#04.G8P,;#;48+,#O*P8G#*59#E0,>9#
•! R>48;6#*5E#;48+,G#/*5#M,#4*9,#68#D8G+[#M36#
;84,#*G,#,*;0,G#68#8.,G*6,[#*59#48G,#/85;0;6,56#
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Five Biggest Mistakes in BBQ 

a\!B3G505@#688#43/F#Q3,>#D06F#688#>0c>,#*0G#
Y\!-*>:5@#4,*6#688#>*6,#
Z\!'88#>0c>,#F340906E#
U\!730505@#@889#y/3,#ME#04.G8.,G#;68G*@,#*59#G,F,*:5@#
m\!7,;3;/06*:5@#M*9#y/3,#ME#9G8D505@#05#;*3/,#




