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It	is	requested	that	ALL	published	use	of	the	TCC	engine	simulaKon	geometry	and/or	data	be	
acknowledged	with	the	following	statement.	
	

“The	study	here	used	publicly	available	TCC	engine	data,	which	was	created	with	funding	
by	General	Motors	through	the	General	Motors	University	of	Michigan	AutomoKve	
CooperaKve	Research	Laboratory,	Engine	Systems	Division.”	

This	README	document	is	an	overview	of	the	cataloged	data	in	the	Deep	Blue	Data	work	deposit	“TCC-III,	Fired,	Spark	Plug	
Region”,	which	is	a	permanent	unaltered	archive	of	the	data	used	in	Dr.	Philipp	Schiffmann’s	Ph.	D.	dissertaKon	(
hVp://hdl.handle.net/2027.42/137636)	and	subsequent	publicaKons	,	such	as	Philipp	Schiffmann,	David	L.	Reuss,	Volker	Sick,	
InternaKonal	Journal	of	Engine	Research,	2017,	DOI:	10.1177/1468087417720558.	
	
This	archive	includes	all	measured	pressures,	velocity	distribuKons,	OH*	distribuKons	and	computed	one-per-cycle	parameters,	
which	were	used	the	staKsKcal	analysis	in	the	thesis.	This	document	includes	descripKons	of	the	following.		
	

	Test	Matrix	and	Engine	OperaKon	 	(Slides	2	-	3),		
	Data	Summary	and	File	Structure	 	(Slides	4-11)	,		
	Engine	Geometry	 	(Slides	12	–	27)		
	Engine	Intake	and	Exhaust	System	Geometry	 	(Slides	28	-35).	

	
Measured	parameter	locaKons	and	nomenclature	are	provided	in	the	Geometry	slides.	
	
The	Deep	Blue	Data	TCC-III	“CollecKon	README.pdf”	file	contains	references	and	errata,	and	will	be	updated	in	Kme.		
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TCC-III	Fired,	Spark	Plug	Region:	Test	OperaDng	CondiDons	

The	thirty	four	tests	contained	in	the	Spark	Plug	Region	Work	Deposit	were	designed	to	study	the	causes	of	cycle-to-cycle	variability	
during		the	flame	iniKaKon	period.	The	Velocity	measurements	and	flame-OH*	images	are	restricted	to	a	small	region	near	the	spark	
plug	(slide	9).	The	tests	were	conducted	at	eleven	different	combinaKons	of	equivalence	raKo,	fuel	types,	and	nitrogen	diluKon.	There	
are	repeated	tests	for	a	total	of	34	tests	with	754	cycles	per	test.	 	The	operaKng	condiKons	were,	chosen	to	systemaKcally	vary	the	
Markstein	number,	Ma,	and	unstretched	laminar	flame	speed,	Sl	as	shown	in	the	table	below.	Note	that	toluene	was	used	at	a	fixed	
mass,	thus	varying	as	a	percentage	of	primary	fuel	as	noted	in	the	table.	Since	these	tests	were	conducted	to	study	causes	of	glow-
discharge	 spark	 igniKon,	 all	 tests	were	 conducted	with	 fixed	 start	 of	 igniKon,	 SOIgn,	 to	maintain	 similar	 flow	 and	 thermodynamic	
condiKons.	 It	 is	noted	that	the	start	of	 igniKon	was	the	same	for	all	 tests,	SOIgn	=	342	ATDCE,	which	was	the	Kming	for	Maximum	
Break	Torque,	MBT,	for	stoichiometric	operaKon,	φ	=	1.	 	As	a	consequence,	all	of	the	lean,	rich,	and	dilute	operaKon	here	had	very	
late	combusKon	phasing.			

19	%	N2

Leanest Lean Stoich Rich Lean Stoich Rich Lean Stoich Rich Stoich
Equivaence	Ratio 0.66 0.69 1.00 1.21 0.67 1.00 1.56 0.79 1.00 1.43 1.00
ṁ		O2			[g/s] 0.48 0.48 0.47 0.47 0.48 0.47 0.46 0.44 0.43 0.42 0.38
ṁ		N2				[g/s] 1.59 1.59 1.56 1.54 1.58 1.55 1.50 1.62 1.60 1.57 1.66
ṁ	Fuel	[g/s] 0.070 0.075 0.109 0.132 0.078 0.119 0.185 0.084 0.108 0.154 0.096
ṁ	C7H8	[g/s] 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012
A/F 25.3 24.0 16.8 14.0 23.0 15.5 10.0 19.6 15.5 10.8 15.5
C7H8,	%	fuel	mass 14.1 13.4 9.6 8.1 12.9 8.8 5.9 12.2 9.7 6.9 11.1
Le	(difficient) 1.0 1.0 na 1.14 1.75 na 0.97 1.86 na 0.99 na
Sl° 	[m/s] 0.55 0.61 0.96 0.86 0.74 1.22 0.57 0.77 0.98 0.59 0.68
δL 	[mm] 0.028 0.027 0.017 0.019 0.020 0.012 0.024 0.019 0.015 0.024 0.022
Ma -0.8 -0.5 2.7 4.8 6.2 3.4 -1.4 5.2 3.4 -0.3 3.4
LMA	[mm] -0.015 -0.013 -0.045 0.09 0.125 0.040 -0.033 0.101 0.050 -0.007 0.074
IMEP	[kPa] 212 250 328 287 234 337 259 250 311 278 212
COVIMEP	[%] 8.3 4.5 1.3 4.5 6.3 0.8 6.3 5.0 1.8 5.5 8.2

Methane Propane
Air Air 9	%	N2			(by	mass)
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RPM					–			RevoluKons	Per	Minute,			
MAP					–			Manifold	Absolute	Pressure			
ATDCE		–		degrees	Aker	Top	Dead	Center	Exhaust,	all	

data	use	this	crank	angle	convenKon.	
Data	ID	–	File	name	used	in	archive	directory	indicaKng	

when	the	data	was	data	taken.	
S_year_month_day_test#	

	
Files	in	blue-bold	font	indicate	recommendaKons	from	
Schiffmann	PhD	dissertaKon.	
	
	
	
Flame-OH*	images	are	not	included	for	tests	noted	in	
the	table	due	to	laser-to-intensifier	Kming	errors.	
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TCC-III	Fired,	Spark	Plug	Region:		Engine	OperaDon	and	Data	Summary	

RPM 1300
MAP 40
Pressure-Cycles/Test 850
SOIgn,	ATDCE 342

Flow	Fields Imaged-Cycles/Test 754
CA/Image 2
Images/Cyc 21
Imaging	Range,		ATDCE 320-360
PIV	Spatial	Resolution 1	mm
PIV	Grid ≈	0.52	mm
Common		Grid 0.50	mm
Image	Plane y	=	-4.5
Field	of	view x	=	-10.25	to		9.25

z	=	-0.25	to	-15.25
Imaged-Cycles/Test 754
Images/Cycle 8
Imaging	Range,		ATDCE 344	-	360
Image-view	direction toward	-x

Spark	Plug	Region	Summary

OH*		Images

Fuel
Delivered	

N2																		
%	Tot	Mass

Delivered	
Phi																														
_																																																			

Delivered	
C7H8													
%	Fuel	

IMEP
													

COV	
IMEP

																		
OH*			

Images
Test	ID

0.67 14% 238 5.4% Y S_2015_06_18_05
0.67 14% 233 6.3% Y S_2015_06_20_06
0.67 14% 230 7.1% Y S_2015_06_22_04
1.00 10% 334 1.1% Y S_2015_06_18_03
1.00 10% 338 0.8% Y S_2015_06_25_25
1.00 10% 339 0.6% Y S_2015_06_26_13
1.59 6% 253 8.0% N S_2015_06_18_01
1.56 6% 287 4.7% Y S_2015_06_25_21
1.54 7% 293 3.8% Y S_2015_06_26_17
0.80 13% 265 3.6% Y S_2015_06_18_07
0.78 13% 244 5.7% Y S_2015_06_22_08
0.78 13% 242 5.8% Y S_2015_06_26_21
1.00 11% 313 1.5% Y S_2015_06_25_23
1.00 11% 312 1.9% Y S_2015_06_26_11
1.00 11% 308 2.0% Y S_2015_06_26_19
1.45 8% 240 8.2% N S_2015_06_18_11
1.42 8% 267 5.4% Y S_2015_06_20_04
1.43 8% 270 5.4% Y S_2015_06_23_03
1.01 12% 239 6.7% N S_2015_06_20_02
1.00 12% 249 6.1% Y S_2015_06_22_06
1.00 12% 264 5.5% Y S_2015_06_26_15

0.66 15% 211 7.9% Y S_2015_06_26_23
0.66 15% 214 8.4% N S_2015_06_26_25
0.66 15% 210 8.4% N S_2015_06_26_27
0.68 15% 224 6.1% Y S_2015_06_23_08
0.69 15% 229 6.4% Y S_2015_06_23_10
0.73 14% 267 3.4% Y S_2015_06_19_03
0.70 15% 254 3.8% Y S_2015_06_19_05
1.01 10% 329 1.6% Y S_2015_06_26_01
1.00 11% 330 1.0% Y S_2015_06_26_03
1.00 11% 324 1.2% Y S_2015_06_26_09
1.20 9% 296 3.7% Y S_2015_06_19_07
1.22 9% 285 4.7% N S_2015_06_26_05
1.22 9% 280 5.1% N S_2015_06_26_07

TCC-III	Spark	Plug	Region	File	Summary

Methane

Propane

79%

81%

79%

83%



Fired	Spark	Plug	Region:		Data	Summary	and	File	Structure	
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Slides	4	–	11	summarize	the	archive	data-file	directory	structure	(Slide	6).		There	are	four	measured-data	directories	at	the	top	level,	engine	
pressure	data,		the	original	and	common	grid	flow	fields,	and	flame	OH*	images.		The	measurements	were	acquired	simultaneously	at	mulKple	
crank	angles,	during	754	conKguously	engine	cycles,	during	34	tests	from	11	operaKng	condiKons.		Each	of	the	top	4	top	directory	contains	
eleven	sub-directories	corresponding	to	the	eleven	Test	CondiDons	(Slide	2);		The	data	for	the	34	engine	tests,	cataloged	by	Test	ID	(Slide	3),	
are	found	in	these	sub-directories.		
	
Pressure	data		
Pressure	data	for	each	test	is	cataloged	in	Excel	Workbooks,	which	contain	worksheets	with	the	following	parameters.		

	Test	Info	 	(pressure-data	cycle	number	vs.	imaged-data	cycle	numbers)		
	Per_Run_Summary		 	(test	average	&	standard	deviaKon)		 		
	Per_Cycle_Data								 	(cycle	averaged	pressure	parameters,	heat	release,	and	spark-plasma	energy	and	duraKon.)		
	Ensemble_Average				 	(cylinder	volume	and	average	pressures	per	crank	angle) 		
	P_IntakePlenIn	(kPa)		 	(5	measured	pressures	(Slide	7)	acquired	each	0.5	crank	angle	degree)		
	P_IntkPort	(kPa) 	 	.	
	P_Cyl	(kPa) 	 	.	
	P_ExhPort	(kPa) 	 	.	
	P_ExhPlenOut	(kPa)	
	HR	Rate	(J	per	CAD) 	Apparent	Heat	Release	each	0.5	crank	angle.	
	CumulaKve	HR	(J) 	CumulaKve	Apparent	Heat	Release	each	0.5	crank	angle	

	
There	is	one	Pressure-Data	file	for	each	test,	located	in	the	directory	corresponding	to	its	Test	CondiKon.	The	Pressure	files	include	parameters	
that	were	directly	measured	or	computed	as	described	in	Schiffmann’s	DissertaDon	(hVp://hdl.handle.net/2027.42/137636).	
	
The	Pressure	Data	directory	also	contains	the	following	three	Excel	workbooks.	

1. 	 The	1/test	parameters	compiled	from	each	test	in	a	single	worksheet.	
2. 	 The	1/0.5CA	ensemble-averaged	pressure	and	heat-release	parameters	for	all	34	tests	(one	worksheet	per	parameter).	
3. 	 The		computed	1/cycle	Parameters		(Slide	8)	used	in	the	staKsKcal	analysis	(one	worksheet	per	each	of	the	34	tests)	located	in	

…\Fired_Spark_Plug_Region-Schifmann\Pressure_Data\CC_1300RPM_40kPa_Fired_SpkPlg_1perCycle_Imaged+flowfielddata	
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Flow	Field	Files	(original	&	common	grids)	
Velocity	distribuKons	were	measured	in	a	the	plane	near	the	spark	plug	shown	in	Slide	9.		Each	flow	field	is	in	a	text	file,	B000##.txt,	and	has	
the	x,y,z	coordinates	and	u,v,w	velocity	components	of	the	two-component	PIV	measurements.	Each	velocity	file	contains	the	velocity	
distribuKon	from	one	image	pair,	taken	with	frame	straddling.	Thus,	one	image	was	taken	at	the	beginning	of	the	specified	crank	angle,	and	
one	was	take	Δt	µs	earlier	(laser	pulse	separaKon),	at	the	end	of	the	previous	crank	angle.		
	
The	velocity	data	are	located	in	the		directories,	original_grid_flow_fields	or	the	common_grid_flow_fields	(Slide	11).		The	Common	Grid	was	
used	to	compute	the	1cycle	velocity	parameters,	which	are	the	file			
	…\Fired_Spark_Plug_Region-Schifmann\Pressure_Data\CC_1300RPM_40kPa_Fired_SpkPlg_1perCycle_Imaged+flowfielddata	…	
The	original	and	common	grids	are	described	in	Slide	11,	along	with	the	ResoluDon	and	Dynamic	Range.		
	
The	PIV	Data-File	Directories	(Slide	7)	are	cataloged	by		

	Test	CondiKon 	Fuel,_phi_yN2,				(e.g.,	C3H8_Phi=1_yN2=009	where	y	is	the	mole	fracKon	of	added	N2	diluKon).		
	Test	ID,	 	S_year_month_day_test#,				(e.g.,	S_2013_01_30_01). 		
	Test	cycle	number, 	Cycle=00001	to	Cycle=0754	
Crank	angle,	 	B00001.txt	–	B00021.txt,		where	the	21	flow	fields	were	measured	every	two	crank	angles	

	between	320	–	360	ATDCE.		
	
	
Flame	OH*	Images	
Directory	_OH_Images	contains	text	files	of	images,	which	recorded	both	the	plasma	discharge	and	early	flame-kernel	OH*	chemiluminescence.		The	
files	contain	the	intensity	of	the	600	x	800	pixel	camera	array,	recorded	every	2	crank	angles,	from	344	–	360	ATDCE	(2	degrees	aker	SOIgn	to	TDC,	
where	the	flame	became	larger	than	the	field	of	view),	and	every	cycle.	The	images	have	had	only	white-field	correcKon	applied,	to	account	for	
spaKal	variaKon	of	the	image	intensifier	sensiKvity.	Images	are	catalogued	by		
	

	Test	CondiKon 	 	Fuel,_phi_yN2,			(e.g.,	C3H8_Phi=1_yN2=009	and	y	is	the	mole	fracKon	of	added	N2	diluKon).		
	Test	ID,	 	 	S_year_month_day_test#,			(	e.g.,	S_2013_01_30_01). 		
	Test	cycle	number,	 	Cycle=00001	to	Cycle=00754	
Crank	angle,	 			Cycle=0###_344[CA	ATDCE].txt	to	Cycle=0###_360[CA	ATDCE].txt	.	
	

The	file	header	is	from	LaVision	Davis	.imx	files,	interpreted	as	follows.	

											LaVision	 			camera	chip										Scale										Origin						Coord.																											Scale											Origin						Coord.		
						Davis	version 	size,	pixels	size							Factor								Offset					DirecKon					units									Factor									Offset					DirecKon			units	
#DaVis	8.3.0	2-D	image								800	600	800								0.433322					-19.5										“x”											“mm”		 	-0.0433322							2.2													“z”									“mm”			
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Fired	Spark	Plug	Region	:		Pressure	Data-File	Directory	Structure	

1/cycle	parameters		

All	Pressure	Data	from	Each	Test	



Pressure	Measurement	LocaKons,	TCC-III	

All	Pressures	posted	for			
all	tests,	all	cycles,	all	CA.	

	
1/test,	1/cycle,	1/CA	parameters	
for	each	test	are	cataloged	in	

Microsok	Excel	files.	
		 7	



TCC-III	Fired,	Spark	Plug	Region:		1/cycle	Parameters	
This	table	summarizes	the	computed	1/cycle	parameters	used	for	the	staKsKcal	analysis	in	Schiffmann’s	dissertaKon,	which	are	in	the	Microsok	
Excel	workbook	

	TCCIII	DeepBlue	CC_1300RPM_40kPa_fired_Cycle_Imaged+flowfielddata+burnt+POD+LamTurbTime_wGraph_20160605.xlsx		
located	in	the	Pressure	Data	directory.	

P_Cyl IMEP(cycle	k) cylinder	pressure Ave	Area	 348-360	ATDCE Burned	gas	area	from	images	of	2-D	laser	sheet
P_Cyl IMEP(cycle	k-1) Ave	Wrinkledness 348-360	ATDCE
P_Cyl	 Peak	Location,	aTDCE 	Total	Area 348-360	ATDCE
P_Cyl Peak,	kPa Total	Wrinkledness 348-360	ATDCE
P_Intk_Port Peak	Location,	aTDCE pressure	at	the	intake	runner-port	interface #	Burnt-Gas	Pockets 348-360	ATDCE
P_Intk_Port Peak dA/dCA 349-359	ATDCE area	change	per	CA
P_Intk_Port CycleAve
P_Exh_Port Peak	Location,	aTDCE pressure	at	the	exhaust	runner-port	interface
P_Exh_Port Peak
P_Exh_Port CycleAvg OH*	Area 344-360	ATDCE 2-D	imge	projection	of	3-D	OH*
P_Intk_Plen_In Peak	Location,	aTDCE pressure	at	the	intake	plenum	inlet Major/Minor	axis	length 342-350	ATDCE
P_Intk_Plen_In Peak OH*	cg.	x-pos 344-360	ATDCE
P_Intk_Plen_In	 CycleAve OH*	cg.		z-pos	 344-360	ATDCE
P_Exh_Plen_Out Peak	Location,	aTDCE pressure	at	the	exhaust	plenum	outlet Avg	OH*	Intensity 344-360	ATDCE
P_Exh_Plen_Out Peak StdDev	OH*	Intensity 344-360	ATDCE
P_Exh_Plen_Out CycleAve OH*	dA/dCA 345-359	ATDCE
rpm CycleAve Area	@	τ	lam-turb	size mm^2 flame	area	at	time	of	laminar	to	turbulent	transition
γ compression intake	polytropic	compression	coefficient Lam	log	slope mm^2/s Slope	of	log(A)	vs	log(t)	during	initial	laminar	growth
γ    expansion					 exhaust	polytropic	expansion	coefficient Turb	log	slope mm^2/s Slope	of	log(A)	vs	log(t)	during		turbulent	growth

Inflection	time		[ms] Location	of	maximum	dA/dt
Lam	log	offset,	[mm^2]

Burn0010 CAD crank	angles	between	SOIgn	and	10%	MFB		 Turb	log	offset
Burn1090 CAD crank	angles	between	10%	and	90%	MFB		 τ	lam-turb		[ms] time	from	SOIgn	to	laminar-turbulent	transition
CA10 ATDCE crank	angle	at	10%	MFB τ	lam-turb	[CAD] CA	from	SOIgn	to	laminar-turbulent	transition
CA50	 ATDCE crank	angle	at	50%	MFB τ lam-turb	to	CA10	[CAD]

CA90	 ATDCE crank	angle	at	90%	MFB
HR_Total	 J total	heat	release	from	AHR	analysis

|V|	 320-360	ATDCE velocity	magnitude	averaged	over	sub	area	of	Fig.1	
	Vz		 320-360	ATDCE z-vel.	component,	averaged	over	sub	area	of	Fig.1	

Spark	Duration electrical	discharge	duration	for	each	cycle 	Vx		 320-360	ATDCE x-vel.	Component,	averaged	over	sub	area	of	Fig.1	
Spark	Energy electrical	energy	delivered	to	the	spark	plug	each	cycle vonMises		strain 320-360	ATDCE (Appendix	1)	averaged	over	sub	area	of	Fig.1	
Spark	Area 342-350	ATDCE from	images Shear	Strength		 320-360	ATDCE (Appendix	1)	averaged	over	sub	area	of	Fig.1	
Spark	x-pos 342-350	ATDCE from	images SwirlStrength		 320-360	ATDCE (Appendix	1)	averaged	over	sub	area	of	Fig.1	
Spark	z-pos 342-350	ATDCE from	images

Spark	Plasma

Flame,	OH*

Pressure

AHR

Flame,	Mie	scattering

Velocity

8	Details	of	the	parameters	and	nomenclature	can	be	found	in	Philipp	Schiffmann’s	Ph.	D.	dissertaKon	(hVp://hdl.handle.net/2027.42/137636)	
and	in	subsequent	publicaKons	referenced	in	the	Deep	Blue	Data	TCC	Engine	CollecKon	README.pdf	file.	
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Spark Plug Region Coordinate System and Image Plane 



Velocity	Files	

Flame	OH*	Image	Files	

See	Data	Summary	Table		
↓						for	CAD	vs.	B000n	
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Fired	Spark	Plug	Region:		Flame	OH*	and	Flow		Data-File	Directory	Structure	



Spark	Plug	Region:	FOV,	Velocity	ResoluKon,	and	Dynamic	Range	

Velocity	Range:	
The	minimum	and	maximum	 resolved	 velocity	 are	defined	here	using	 the	 criterion	 that	 PIV	 correlaKon-peak	displacements,	Δxpiv	 ,	
need	be	limited	to	0.2	pixels	and	8	pixels,	respecKvely,	as	described	in	Ref.1.	A	pracKcal	resoluKon	limit	of	0.2	pixels	is	used	here,	as	
demonstrated	in	Refs.2	&	3.	Thus,	an	esKmated	dynamic	range	of	40:1	one	is	achieved.		The	laser-pulse	separaKon	for	these	tests	was	
Δt	=	10	ms,	 to	achieve	 the	8	pixel	maximum	parKcle	 separaKon.	The	velocity	dynamic	 range	 for	any	data	 set	 can	be	computed	as	
follows.	Since	32x32pixel	interrogaKon	spots	and	grid-spacing	(Δx)grid,	of	50%	overlap	are	used	in	all	tests	here)	the	resoluKon	dynamic	
range	can	be	esKmated	as		

​𝑉↓𝑚𝑖𝑛 =0.2[​2∆​𝑥↓𝑔𝑟𝑖𝑑 /32∆𝑡 ]				and				​𝑉↓𝑚𝑎𝑥 =8[​2∆​𝑥↓𝑔𝑟𝑖𝑑 /32∆𝑡 ]	
where	 	 V	 is	m/s	when	Δxgrid	 is	 in	meters	 (from	 the	 velocity	 data	 file)	 and	Δt	 in	 seconds.	 	 For	 all	 tests	 in	 the	 Spark	 Plug	 Region,											
Δxgrid	=	0.5mm	and	Δt	=10	µs	for	a	dynamic	range	from	0.6:25	m/s.			

1.		Adrian,	R.J.	and	J.	Westerweel,	ParKcle	image	velocimetry.	2011:	Cambridge	University	Press.	
2.		Reuss,	D.L.,	M.	Megerle,	and	V.	Sick,	ParKcle-image	velocimetry	Measurement	Errors	when	Imaging	through	a	Transparent	Engine	Cylinder.	Measurement	

Science	and	Technology,	2002.		
3.		Megerle,	M.,	V.	Sick,	and	D.L.	Reuss,	Measurement	of	Digital	PIV	Precision	using	ElectroopKcally-Created	ParKcle-Image	Displacements.	Measurement	Science	

and	Technology,	2002.	13:	p.	997-1005.	
4.	Abraham,	P.S.,	D.L.	Reuss,	and	V.	Sick.	High-speed	parKcle	image	velocimetry	study	of	in-cylinder	flows	with	improved	dynamic	range.	in	SAE	Paper	

2013-01-0542.	2013.	

Original	Grid:	
The	boundaries	of	the	PIV	The	field	of	view	(FOV)	vary	a	bit	from	test	to	test	but	are	about	x	=	-12	to	+10,	and	z	=	-1	to	-14	mm	and	in	
the	plane	y	=	-4.5	mm	for	all	PIV	measurements	in	the	Spark	Plug	Region.	The	interrogaKon	window	was	1.04	mm	on	a	0.52	mm	grid.	
The	laser-sheet	thickness	was	measured	to	be	1mm.	
	
Common	Grid:	
The	original	PIV	grid	and	a	re-gridded	version	of	the	data	is	available	for	direct	comparison	of	velocity	metrics.	The	re-gridded	datasets	
loose	one	grid	at	edge	of	the	FOV	and	at	the	edges	of	the	burned	gas	regions.	The	re-gridded	data	sets	also	use	interpolaKon	to	
replace	locally	bad	vectors.	
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TCC-III	Engine	Geometry	

The	Slides	10	–	24	quanKfy	the	TCC-III	engine	geometry,	that	was	used	to	create	the	CFD	.stl	and	igs	files.	In	addiKon,	these	
geometry	slides	define	the	nomenclature	and	locaKons	of	the	pressure	transducers	and	thermocouples	cataloged	in	the	
Pressure	Data	Files.		
	
Scanned	figures	of	original	printed	material	are	used	to	avoid	transposiKon	errors.	The	Deep	Blue	Data	TCC-III	CollecKon	
README	file	contains	errata,	which	are	updated	as	they	become	available.			
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TCC-III Engine Geometry 

Bore, cm 9.20 Connecting-rod length, cm 23.1 

Stroke, cm 8.60 Piston-pin offset, cm 0.0 

Clearance @ TDC, cm 0.95 Conn rod offset, cm 0.0 

Combustion chamber volume, cc 63.15 Exhaust Valve Closing, aTDCexh  12.8 

Top-land crevice volume, cc 0.37 Intake Peak Lift, aTDCexh 114.8 

Spark-plug crevice volume, cc 0.02 Intake Valve Closing, aTDCexh 240.8 

TDC Volume, cc 63.54 Exhaust Valve Opening, aTDCexh 484.8 

Swept volume, cc 571.7 Exhaust Peak Lift, aTDCexh 606.8 

Geometric CR 10.0 Intake Valve Opening, aTDCexh  712.8 

Effective (IVC) CR 8.0 Valve-seat angles, deg. 30/45/60/75 

Steady-flow swirl ratio 0.4 Spark Plug AC Delco R44LTS 
 	



Quartz	
	Ring	

Extended	
Piston	

Quartz		
Piston	
Window	

Mirror	

Exhaust	

Intake	

Intake	 Exhaust	

TCC-III		Overview	

Head	

Cam		
carrier	

Slot	cut	in	the	head	between	the		
“flow-box”		and	“cam-carrier	base	plate”	to	
allow	spark	plug	and	pressure	transducer	

14	

P_Cyl	

The	three-piece	head	
	“cam	carrier”	(cam	and	lifers)	
“base	plate”	(valves	&		guides)		

“flow	box”	(ports,	plug,	valve	seats)	

Cam		
Carrier	
	

Base	Plate	
	

Flow	box	

Heated	&	
insulated	
Intake	 Exhaust	

Heated	&	
insulated	
Runner	

Intake	

Denso	4511PT16TT	

Kistler	6125C12	&		
GM	flame	arrestor	

6mm	∅,	2.8	mm	deep	

Alternate	

Exhaust	

x	

y	

Orthogonal	
(bojom)	
View	

Heated	&	
insulated	
Runner	



88.9	88.9	 44.5	 133.4	
	

609.6	609.6	

Orifice	valve		
to	maintain			
101.5	kPa	MAP		

From		
Intake	System,	

heater	

Plenum	Interior	Dimensions	&	Measurement	LocaDons	
Dimensions	in	mm	

101.6	 101.6	

15	

P_Intk_Plen-In	&		
T_	Intk_Plen-In		

MAP	Intk	 MAP	Exh	

P_Exh_Plen-Out	&		
T_	Exh_Plen-Out		

P_Intk_Port	&		
T_	Intk_Port		

P_Exh_Port	&		
T_	Exh_Port		

T	Cyl	Surf	

53	
	

35	 35	

Flame Arrestor 
23 mm I.D., 
150 mm Lg. 



92	mm	Cylinder	ID	

91.35	mm	Piston	OD	top	land	height,				4.0	mm		

Ground	strap	to	be	
rotated	toward	
exhaust	valve	

TDC	clearance,		9.5mm	

Piston	Bushing	

Felt	oiler	ring	

Singe-piece	Rulon	
Compression	Ring	

CombusDon	Chamber	

16	

69.8	mm	dia	



Coordinates	

C	
Intake	Port			

				Exhaust	port	

View	from	front	

View	from	above	

Intake	Port			 				Exhaust	port	
z	

y	

Y	(south)	

X	(west)	

T	Cyl	Surf	
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Head		
Top	View	

Exhaust	port	

Intake		
Port	

Heat	Flux	
Probe	

Spark	Plug	

P_Cyl	
Kistler	6125C	Pressure	

Transducer	
Hole	Diameter	=	6mm	

Depth	=	2.75mm	 Spark	Plug	Ground	Strap	
OrientaDon	
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Intake	Runner	and	Port	
	

P	&	T	sensors.	
	sensor	posiDon						

13.3	
28.9	

Head	
Surface								

4.76	Bell-mouth	
surface	

106.5	

28.2	

Probe	Inserts	
25.0mm	thick	insert	
plus	2)	1.6	mm	gaskets	
(see	slide	below)	

	
17.46	

Bell	Mouth	Flush	
with	plenum	
	interior	surface.								
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Exhaust	Runner	and	Port	

P	&	T	sensor	posiDon						

13.3	

68.2	
	

28.2	

27.0	
To	plenum	

	surface	

28.58	
	

28.9	

Head	Surface								
76.2	R									

60.0	R									

136.20	R									

19.1	
	

25.4	

60.0	 6.38	

20	

Probe	Inserts	
25.0mm	thick	insert	
plus	2)	1.6	mm	gaskets	
(see	slide	below)	
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0.77	mm	dia	
thermocouple	

P_Intk_Port		/		P_Exh_Port			
Transducer	

P_Intk_Plen_In			
P_Exh_Plen_Out		
Transducer	

T_Intk_Port		/		T_Exh_Port			
Thermocouple	

T_Intk_Plen_In		/		
T_Exh_Plen_Out			
Thermocouple	

Intake	and	Exhaust	Probe	Inserts		
For	pressure	transducers	and	thermocouples	

TCC-II	Kulite	Transducers	shown	in	
photo	
	

Replaced	by	Kistler	transducers	in	
TCC-III	

25.4	mm	thick	insert		
25.4	mm	holes	to	match	
runner	and	port	diameters.	

25.4	mm	thick	insert		
19.1	mm	holes	to	match	
plenum	outlet-pipe	I.D.	

Runner/port	Inserts	

Plenum	Inserts	



TCC-0	single-angle	Valves	

Unshrouded	intake	valve	and	exhaust	valve	are	the	same	but	with	no	shroud.	

22	



TCC	Valve	Seat	Anthology	

TCC-III			Green	Profile	4-angle	seat	

TCC-II			Red	Profile	2-angle	seat	

TCC-0	Blue	Profile	1-angle	seat	
TCC-I			Blue	Profile	1-angle	seat		
													(simulaDon	only)		

23	
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Nominal	Cam	Timing	

0

1

2

3

4

5

6

7

8

9

0 60 120 180 240 300 360 420 480 540 600 660 720

Li
ft
,		m

m

Crank	angle,	deg			aTDC	exhaust

Intake

Exhaust

VO	&	VC	@	0.1	mm	Lift

Peak	Lift,	+- 0.5

12	EVC																		114		IPL																														240IVC																																																															484	EVO																											606	EPL																712	 IVO

TD
C	
		c
om

pr
es
si
on

TD
C	
		e
xh
au
st
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Cam	Profile	
Original	used	for	
grinding	cams	



Spark	Plug	
AC	Delco		R44LTS	

1.3	

2.0	

4.0	

5.5	

2.35	

9.0	

5.1	

2.8	
	 12.7		deep	,	

Straight	ceramic,	
Straight	shell,		
(no	taper	on	either)	

12.0	shoulder	
	

14	mm	
thread	

Tapered	Seat	

15.0	 1.7,		shell	flush	with	head	surface	

26	

Dimensions	in	mm	
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TCC-III			GT-Power	Summary	of	Intake	and	Exhaust	Systems	

Flame	Arrestors	

N2		

Air	 Fuel		 PIV	seed	 Exhaust		

Air	
heater	

28	

The	following	slides	provides	detailed	informaKon	on	the	intake	and	exhaust	system	geometries.		This	was	used	to	create	
the	GTPower	1-D	model	.gtm	and	.gdx	files	(located	in	the	TCC-III_Geometry	directory	shown	in	Slide	10).	In	addiKon,	the	
geometry	slides	define	the	nomenclature	and	locaKons	of	the	pressure	transducers	and	thermocouples	cataloged	in	the	
Pressure	Data	Files.		
	
Scanned	figures	of	original	printed	material	are	used	to	avoid	transposiKon	errors.	The	Deep	Blue	Data	TCC-III	CollecKon	
README	file	contains	errata,	which	are	updated	as	they	become	available.			
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Air Heater 

Exh_Plen_Out 
Probe Inserts 
(TCC-III flame arrestor 
not shown) 

Exhaust back-pressure valve 

Exh_Port 
Probe Insert 

TCC-II	Engine	&	Systems	

Map_Intk Sensor 
 MAP_Intk tap 

Intk_Plen_In 
Probe Inserts 

(TCC-III flame arrestor  
not shown) 

Air Line 
Heater to 

Intk_Plen_In  

Heaters & 
Insulation 
not shown 

Intk_Port 
Probe Insert 

Map_Exh Sensor 
MAP_Intk tap 



Metered Air To 
Intake Plenum 
MF_Air_Crit & 

MF_Air_Mtr 

Thermocouple 
T_Air_Crit 

Pressure  
Transducer 
Not used 

On/Off  
Solenoid  
Valve 

Pressure  
Regulator 
  (slave) 

Orifice 

Orifice 
Selection 
Valve 

Filtered  
Air  In 

0.125” dia , FloSys sn42093 

0.088” dia , FloSys sn42092 

0.063” dia, FloSys sn42091 

Not used 

TCC-II	CriKcal		Flow	Metering		System,	Air	only	

Mass Flow 
   Meter 

MF_Air_Mtr 
P_Air_Crit 

PIV  
Seeder 

Seeded Air 
MF_Air_Seed 

From Master 
Regulator in 

Control Room 
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Air	 Fuel		

TCC-III	CriKcal		Flow	Fuel	Metering		Systems,	Air	&	Fuel	

Air	
Fuel		



Metered Air From  
Critical Flow Metering System 
MF_Air_Crit,  T≅ ambient 

Air	Heater	

Metered Air From  
PIV Atomizer 
MF_Air_Seed,  T≅ ambient 

To Plenum Inlet 
MF_Air_Tot 

Immersion  
Heater 

T_Air_Heater 

Insulation 
not shown 5.1	cm	I.D.,		34	cm	Lg.	
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Pressure  
Transducer 
P_Air_Seed 

On/Off  
Solenoid  
Valve 

Pressure  
Regulator 

Metered Air 
Out  North/

South Engine 
Selector 

PIV Seeder Air 
metering and control 

Filtered  
Air  In 

Seeder	Flow-Metering		System,		

Mass Flow 
   Meter 

MF_Air_Seed 

PIV  
Seeder 

Seeded Air 
MF_Air_Seed 

From Master 
Regulator in 

Control Room 

PIV Seeder Orifice 
toggle valves PIV Seeder 

dilution-air valve 33	



Bypass Valve 
Solenoid, NO 

Check Valve to maintain 
plenum vacuum 

To exhaust 

5.1 cm I.D.,   
 150 cm Lg. 

Flame Arrestor 
2.3cm I.D., 
15cm Lg. 

Air Heater  
5.1 cm I.D.,   
34 cm Lg. 

PIV Atomizer 
14 x 14 x 7.5  cm 

1.25 cm I.D., 
12cm Lg. 

1.25 cm I.D., 
12 cm Lg. 

0.77 cm I.D., 
27 cm Lg. 

1.25 cm I.D., 
12cm Lg. 

Critical Flow Metering  
Fuel  System 

28 cm 

14 cm 

14 cm 

14 cm 

24 cm 

Critical Flow Metering  
Air System 

All 1.91 cm I. D.  

1.91 cm I.D., 
 265 cm Lg. 

2.1 cm I.D., 
9cm Lg. 

33 cm 

20.6cm 

20.6cm 

20.6cm 

20.6cm 

Critical Flow Metering  
Nitrogen System 

All 2.23 cm I. D.  

1.91 cm I.D., 
300cm Lg. 

1.91 cm  I.D.,   
 288 cm Lg. 

1.91 cm I.D.,   
 265 cm Lg. 

0.95cm I.D., 
305cm Lg. 

TCC-III	
	Engine	Intake	System	

(a)	
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ClosedV
alves	

North	Engine	
intake	bypass	
1.3	cm		I.D.,			
330	cm	Lg.	

5.1		cm	I.D.,			
	254	cm	Lg.	

South	Engine		
Intake	bypass	
1.9	cm	I.D.,			
156	cm	Lg.	

Laboratory	Exhaust	System	
102	cm	I.D.,		

unknown	length	to	exhaust	tunnel	
	

P	=	P_Ambient	-1.5kPa			

Throjling	Valve	
Adjusted	to	achieve		
Pexh	MAP	=	101.5	kPa		
	

ClosedV
alve	

1.9cm1		I.D.,			
	60cm	Lg.	

5.1		cm	I.D.,			
355	cm	Lg.	

North	Engine		
Exhaust	
5.1		cm	I.D.,			
	170	cm	Lg.	

5.1		cm	I.D.,			
	120	cm	Lg.	

1.9cm1		I.D.,			
	15	cm	Lg.	

163	cm		 135	cm		40	cm		

Exhaust	
Plenum	

35	

TCC-III		Engine	Exhaust	System	


