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Executive Summary
Background '

The Constant Volume Sampler (CVS) is used in conjunction with gas analyzers to
measure automecbile exhaust gas. constituents emitted during a Federal Test
Procedure (FTP) driving sequence.. The raw automobile exhaust gases are mixed
with dilution air, sampled, and collected in evacuated airtight bags. The

bagged samples are then analyzed for percent or parts per million (PPM)
composition.

Critical flow wventuri (CFV) constant volume samplers (CVS) are used by the
Environmental Protection Agency. A detailed explanation of CFV properties and
theories is contained in Attachment H. If the analysis bag sample flow rate
remains constantly proportional to the total dilute exhaust flow Tate, the
bagged sample represents average emission concentrations for that portion of
the test. This value is then applied to the total calculated volume of dilute
exhaust to calculate the total quantity of emission emitted by the wvehicle
during that portion of the test. The purpose of this study is to examine the
possible effects on test results (primarily fuel economy) when sample flow is

not constantly proportional to dilute vehicle exhaust bulkstream flow rate in
a CFV, CvVs. o :

Test Types

Two separate test programs were used in this study. The first program used
one vehicle and one sampling system. Hzlf the tests were run with the sample
rate remaining constantly proportional to the total wvehicle dilute exhaust
- flow. The other half were run with a sample rate which did not remain
constantly proportional to the total dilute exhaust flow. The test results
were then analyzed as two-sample unpaired test groups.

The second program was run on two separate vehicles. Each vehicle test was
run using two separate sampling systems, sampling the same dilute exhaust
stream. One of the sampling systems operated with the sample rate constantly
proportional to the total dilute exhaust flow while the other did not. The
sample system which was operating at a flow remaining constantly proportional
to the total dilute exhaust flow was randomized throughout the testing
sequence. The test results were then analyzed as two-sample paired test

groups. The second program's vehicles and CVS operating parameters were
" chosen to assess the scope of possible effects. Both test programs used
modified Federal Emission Test Procedure tests (2 bag hot city) and highway
fuel economy tests (HWFET). Hot tests were used to both minimize vehicle test
to test variability and to generaté a population 1large enough to insure
statistical confidence within a reasonable length of time.

Results

The results of the study indicate that slightly higher fuel economy values
were generally achieved when the sample probe flow rates remained constantly
proportional to the total dilute exhaust flow rate. Overall, the measured
mean differences appeared to be 27 or less. The second test program, with
manufacturer-supplied vehicles, exhibited a 0.6% to 1.2% mean difference
depending on the vehicle and test type (2 bag hot city, or HWFET). Although
the observed offsets are statistically significant, extreme care had to be
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taken to minimize or eliminate all possible vehicle/site variabilities and
inaccuracies. The magnitude of the observed offsets could be masked by
Federal Register acceptable tolerances on test parameters. This study used
vehicle engine size, 1loading, and CVS sample probe outlet/inlet operating
pressure ratio to try to characterize minimum/maximum possible fuel economy
effects. However, the test results indicate that the complex inter—dependent
relationships occurring in vehicle emission testing prevent mathematical
prediction of results by these aforementioned parameters.

Recommendations

It is recommended that sample probe pressures be monitored to ensure the

sample ©probes are operating at a flow rate which remains constantly
proportional to the total dilute exhaust flow.
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Non-Proportional Sample Rates in a Critical Flow Venturi
Constant Volume Sampler:

Effects on Federal Emission Test Fuel Economy

Backg round

The Constant Volume Sampler (CVS) is used in conjunction with gas analyzers to
measure automobile exhaust .gas constituents emitted during a Federal Test
Procedure (FTP) driving sequence. The raw automobile exhaust gases are mixed
with dilution air, sampled, and collected in evacuated alrtight bags. The
samples are then analyzed for percent or parts per million (PPM) composition.
These measured concentrations are then applied to the calculated total volume
of dilute exhaust flow for that portion of the test sequence.

The critical flow venturi (CFV) constant volume samplers (CVS), used by the
Environmental Protection Agency, employ two CFV's each. The wmain or
bulkstream CFV is used as a flow metering device to quantify the total volume
of vehicle exhaust/dilution (dilute exhaust) air mixture passed through a CVS
during a2 Federal Register city or highway test sequence. The second or sample

CFV is used to insure that the analysis bag sample flow during a test is in a
constant volumetric proportion to the total exhaust volume throughout the test
sequence. A detailed explanation of CFV properties and theories are contained
in Attachment H. If the analysis bag sample flow rate remains constantly
proportional to the total dilute exhaust flow rate; the bag can be collected,
analyzed, and used as average emission concentrations for that portion of the
test. This value is then applied to the total calculated volume of dilute
exhaust ' to calculate the totzal quantity of emission emitted by the vehicle
during that portion of the test. The purpose of this study is to examine the
possible effects, if any, on test results (primarily fuel econmomy) caused by

the sample probe flow not being comnstantly proportional to dilute wvehicle
exhaust bulkstream flow rate.

Initial Investigations

Flow curves for two sample probes contained in EPA CVS's were characterized
'l/. The graph of flow rate versus the ratio of the outlet to inlet pressure
is contained in Attaciment A. The sample probes graphed reached an "in choke”
flow condition at a ratio of ©Pyy/Pijn of approximately 0.60. A
numerically higher ratio will cause the sample probe to drop out of choke
flow, resulting in fluctuation of sample flow with fluctuation of sample
conditions. Once a CFV drops to an "out of choke” flow condition, it is
beyond the scope of this report to predict what operating parameter will
affect the flow rate or by how much.

Actual pressure measurement of the CVS sample probes were recorded to set
outlet to inlet pressure ratios Pyut/Pip were numerically higher than the
0.60 ratio discussed above. The values were measured using both a u-tube
manometer and strain gauge pressure transducers. The pressure transducers

were then used to monitor sample probe CFV inlet and outlet pressures during a
vehicle test.

l/ Unpublished Study performed by C. Ryan and B. Harbowyof EOD,.C;libration &
Maintenance. : ) :
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Sample probe outlet pressure was recorded on two vehicle tests and fluctuated
0.6 inch of mercury (Hg) on one and 0.9 inch Hg on the other while inlet
pressures remained constant. As a result the Pyy+/Pip fluctuated during
.the emission test sequence. The observed fluctuations suggested a possible
increase of sample flow rate during high acceleration portions of a test and
lower flow rates during idle and lower accelerations. Vehicle emission maps
with respect to vehicle speed are potentially wvariable from vehicle to
vehicle. CVS dilution ratio variation will change with engine size. Finally,
the pressure ratio fluctuations were not exactly synchronized with wvehicle
accelerations. Consequently, it is not possible to state 1in which direction
the sample flow rate changed during higher and lower vehicle emission output.

Test Plan One Design

To establish what emission measurement effects are -caused by the
non-proportional flow rate fluctuations 1in the CVS sample probe CFV, a
sequence of tests were 7Tun on a repeatable wvehicle wused at EPA for
site—to-site comparisons. A series of ten highways and ten 2-bag hot city
tests were run on the EOD repeatable vehicle. 1In each test sequence, five
tests were run with the sample probe operating "in choke” flow and five were
run with the probe operating "out of choke” flow. For the "out of choke” flow
tests, a Pgo,t/Pin equivalent to a ratio of 0.83 was used. An "in choke”
ratio of approximately O0.55 was used. In order to minimize possible
sequential results, all tests were run using two consecutive tests in onme
condition followed by two consecutive tests in the opposite condition for
eight tests. On the final two tests, probe conditions were alternated. The
sequence for the two test types and the pertinent vehicle parameters are
listed as Test Plan 1.

Test Plan 1

Vehicle Parameters:
Inertia Weight 3500 Pounds
Actual Horsepower 12.8 Horsepower
Fuel System Fuel Injection
Drive System Rear Wheel

Test Sequence:

HWFET Hot City, 2-Bag Tests

1 In choke 1 Out of choke
2 In choke 2 Out of choke
3 Out of choke 3 In choke
4 Out of choke 4 In choke
5 In choke 5 Out of choke
6 In choke 6 Out of choke
7 Out of choke 7 In choke
8 Out of choke 8 In choke
8 1In choke 9 Out of choke
10 Out of choke 10 In choke

In Choke Poyr/Pin ~ 0.55
Out of Choke Pyyut/Pin ~ 0.83



Test Plan One Results

The results were compared as two-test groups in each test sequence (2 bag hot
city, HWFET). Comparisons of the "in choke” and "out of choke” probe test
results are contained in Attachment B. A two-tailed Student's t-Distribution
test was used to calculate a confidence interval for the offset between the
means at the 0.90 confidence level with 5 tests in each configuration. The

assumptions are independent, normally distributed populations and pooled
variances. '

The calculated intervals for % difference unchoked - choked x 100
choked

between means are:

Hot tests 1.5% + 1.1% higher fuel economy "in choke”
than "out of choke”.

HWFET 2.0% + 1.67% higher fuel economy "in choke” than "out
of choke”.

A sequential graph of test fuel economy is contained in Attachment C.
Attactment D is a comparison graph of the mean and standard deviations of fuel

economy for the two samples in each test sequence.

Test Plan Two Design

To further minimize the chance of wvehicle test-to-test influences, a sequence
of tests were run using two separate probes and sample trains sampling in the
same CVS bulkstream on individual vehicle tests. Two separate vehicles were
used for the Test Plan Two sequence. The samples of each individual vehicle's
exhaust were then processed as two tests using the same analyzer. In the "out
of choke” flow tests, a Py,:/Pj, of approximately 0.90 was used. This was
numerically higher than the ratio used in test plan one. An "in choke™ ratio
of approximately 0.50 was used for that portion of the tests. The two sample
probes were altered in and out of "choke flow" randomly. One test was run
with both probes in an "in choke”™ condition at the start of each sequence
" (2-bag hot city and HWFET) to quantify possible sample train offsets. If a
difference was found, additional tests were run to come up with a mean offset
to subtract from subsequent "in” and "out” of choke flow pairs. The test
sequences and pertinent vehicle paramefers are listed under Test Plan 2.

Test Plan 2
Vehicle 1 Parameters:
Inertia Weight 2500 Pounds
Actual Horsepower 6.0
Fuel System Carburetor

Drive System Front Wheel



Test Sequence:

BWFET Hot City 2-Bag Tests
Probe 1 Probe 2 Probe 1 Probe 2
1 In Choke In Choke 1 1In Choke In Choke
2 In Choke Out of Choke 2 Qut of Choke In Choke
3 Out of Choke In Choke 3 In Choke Out of Choke
4 1In Choke Out of Choke 4 In Choke Out of Choke
5 1In Choke Out of Choke 5 1In Choke Out of Choke
6 Out of Choke In Choke 6 In Choke Out of Choke
In Choke Pyut/Pign ~ 0.50
Out of Choke Pyyu¢/Pig = 0.90

Vehicle 2 Parameters:

Inertia Weight 4500 Pounds

Actual Horsepower 13.0
Fuel System Carburetor
Drive System Rear Wheel

Test Sequence:

HWFET Hot City 2-Bag Tests
Probe 1 © Prodbe 2 Probe 1 Probe 2
1 In Choke In Choke 1 In Choke In Choke
2 In Choke Out of Choke 2 Out of Choke In Choke
3 Out of Choke In Choke 3 1In Choke In Choke
4 In Choke In Choke 4  Out of Choke In Choke
5 1In Choke Out of Choke 5 1In Choke Out of Choke
6 In Choke Out of Choke 6 In Choke Out of Choke
.7 Out Choke In Choke 7 Out of Choke In Choke
8 In of Choke In Choke 8 Out of Choke In Choke

In Choke Pg,¢/Pin ~ 0.50
Out of Choke Py,¢/Pijp ~ 0.90

We used these test sequences both on a "large” and a "small” engine vehicle to
bracket maximum and minimum expectable offsets. At least five pairs of "in
choke” to "out of choke” comparisons were generated for each car and test
sequence.

Test Plan Two Results

The results are listed in Attachment E. Time sequence plots of paired
differences in fuel economy are contained in Attachment F. Attachment G is a
tabular representation of the means, 0.90 confidence intervals, and confidence
that a difference exists.

A student's t-distribution test for paired data was used to calculate a 0.90
confidence interval that the expectable mean offset will fall within on the
pairs in each configuration. The assumptions are that the differemces are,
from a random, normally distributed population.



-7~

The calculated intervals for the mean percent offset between "in choke"” and
"out of choke” are:

(4500 1bs, 13.0 Actual Horsepower)

2 bag hot city 0.6% + 0.4% higher fuel economy "in choke”
than "out of choke”..

HWFET 1.2% i_O.QZ higher fuel economy "in choke”
‘ than "out of choke”.

(2500 1b, 6.0 Actual Horse Power)

2 bag hot city 0.6%Z + 0.47 higher fuel economy "in choke”
than "out of choke”.

HWFET 0.8% + 0.5%7 higher fuel economy "in choke”
than "out of choke™.

Conclusions and Recommendations

Non-proportional’ CFV-CVS sample flow can affect vehicle calculated fuel
economy. We are unable to discern a mathematically predictable pattern to the
effect on calculated fuel economy based on parameters monitored in this study
(i.e. engine size, loading, and sample probe outlet/inlet operating pressure
ratios). It is recommended that CFV sample probe parameters be monitored to
ensure that sample probes remain in a “choke” flow condition. This will
ensure a sample flow rate which remains constantly proportional to total
dilute exhaust flow.
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ATTACHMENT B

LHS CORRELATION SUssanY FROCESSEDS NOV 13r 1981
VOLVG PRazz HOTS VIH VOLVG REFCH IKERTIA 47 3500 ACTUAL K 12,
Lak N - HC C0 NOX CO2 FE BARO nUH  NXFC DBL  HSL TLOSS
1 1€ 5/H1 >l(HPB)(IN-HG)(BR§{§S J{~—-(BRANS)—>I1
- ) .
| e NC ‘ - s € "nQ 4F c
SAMPLE CFV CHOKED |9 HEAN 0.606 4,72 2.29 423, 20.5 29,15 49,56 0.89
' E STANDARD DEV,  .01%2 0.887 083 4. 0.1 C.042 4,072 015
L1 2,5 18,8 3.6 0.5 0.7 0.4 8,22 1.71
SAHRFLE CFV 'UNCHOKED 5 KEAN 0.614 4,32 2,26 430, 20,2 29.63 49.30 O.é?
STARDARD DEV, 0195 0.438 .047 5. 0,2 ©.182 9,033 ,036
CV I 32 9.7 20 11 11 0,83 15,32 3.98
DIFFo Z 10 -4, '10 20 -1, -0, ‘10 -0,

NoX IS THE COZrTICIENT OF VARIATION, (STD. DEV./HEAN 3100), '
DIFF.% IS THE DIFFERENCT OF THE KEAMS BETHEEW THE KFR ARD EPA LAES. (KFR-EPA/EFA ¥100).



? LAB CORRELATION SUEXARY -:TEST DATA " . PROCESSED »OV 18y 1981
3LAB: EPA - Choked . QEH: VOLVD FROBE HOTS VIN: VDLVD REPCA " INERTIA WT: 3500  ACTUAL HP: 12.8
; DATE TESTND TYPE HC CO NBX C02 FE DRIVER LYRD ODDM IHP- BARD HUM NXrC DBL HSL TLO3S
> .
>10-08-61 §10905 -HOT - 0,590 4.20 2,19 424, 40.5'30393'3604 12475.0 10,8 29.10 44.16 0.87
>10-06-81 B10508  HOT 0,600 4,40 2,21 422, 20G.6 20DB9E DOO4 12490.0 10,8 29,10 47.62 0.89
>10-09-81 Bi0%u9  HOT 0.410 4,50 2.36 428, 20.7 30856 ToD4 12549.0 10,8 29,16 34,88 .91
210-07-8B1 810910, HOT G.&00 4,30 2,15 424, 20,5 50898 L004 12555.0 1¢.8 29,18 51.B1 0.9
HOT 0,830 4.30 2,34 417, 20,7 20898 DBOD4 12450,0 10.8 25,21 49.33 4,89

;10-16-81 810912
2

F{m——-—{(6/K]) —~—=>1

(HFG) .

{IK-HG) {BRAIRS
“/LB)

1<~~~ (GRAKS) ~—>1

PRI

e} I o 4

Iy

e " ¥

LTI TORTTTL STy

SN e LA e oy S e,

.> .: . - . .
5 EEM 0,606 4,72 2.29-423, 20.5 29,15 49,56 0,89
"> CTANDARD DEV, 0152 0.BB7 +0B3 4. 0.1 0,042 4,072 1015
> L 2,5 18,8 3.6 0,9 0.7 0.1 B 1.7
>
S EAS DATA
3 — L .
> DATE TESTHOTYPE GYNO SITE BC 2 3 €0 2 3 WX 2 3 C2 2 3 .FE 2 3
o . - e e e e e e e e e a
> . - ., ’
$10-08-81 810905 HOT D304 A0CT 0,591 0,590 8.0 4,34 4,07 0.0 2.81 1.61 0.0 420, 427, 0, 20.7 20.4 0.0
S10-08-51 810504 O] D004 ADO2 0.801 £,595 0.0 435 4,58 0.0 2.87 1,59 0.0 420, a24, 0. 20,7 20,5 ©.0
Sie-t5-1 gisis HOT 1004 ACCZ0.620 0,585 00 434 4155 06 303 LA B 4 423. 0 q.% 2.4 0.0
“9 Ei ’0 A.f’) 0 61; 06;01 0.0 4,20 4002 ¢y 314 1,63 0.0 28, 422, Yo £ 20 ..0
f@ fo— §igets BT 1985 5357 0ro3 0.3% O S8 SiEE G0 THE 1S5 000 af7. 416 0, 2007 %0.7 0.0
(ALL G/HI) I~ (KFG)—-21
>
S KEAR 0,611 0,601 0.0 4.60 4,82 0.0 1.03 1.81 0.0 423, 423, 0. 20,5 20.5 0,0
S STANEARD LEV, 0,016 0,015 G10 0,74 1,01 0.0 0.16 0,02 0.0 6, & Dy G2 0.1 0.0
S Ll 208 32 0.0 1601 209 0.0 S50é 1.4 0.0 1.3 1,0 0.0 1.1 0.6 0,0
>
> CV.x I8 THE COEFFICIENT OF VARIATION, (STD. DEV./KERN X100),
S DIFF, .18 M° UIFFERTHCE OF THE HEANS BETVIZR THE PR AND EPA LAR, (KFR-EPA/EPA $103).
S NDTE! THE CORAENTS FERTIAENT T0 THESE TESTS ARE LOCATED IN TRE LAST TAELE OF THIS APPENRLY.
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" LAB-CORRELATION SUMHARY - TEST DATA

~ FROCESSED: NOV 18 1981

LARL SAMPLE CFV *URCHOKED

VEH: VOLVO PROBE HOTS

VIN: VOLVD REPCA

INERTIA ®T: 3500

ACTUAL KPS 12.8

; ﬁATE' TESTHO TYPE HC  CO  MOX C02 FE'DRIVER DYNO ODGN IHP BARO  HUM hXFC b3l HSL TLOSS
5 T T T T T e S
>10-02-81 810903 HOT 0,580 4,00 2,28 423, 20.6 30898 3004 12407,3 10,8 28,97 65,25 0.98
210~06-81 810304  HOT 0 620 4,40 2.18 433, 2041 30398 D004 ‘”‘4d 6 10,8 28,74 «4.23 (.BB
>10~08-81 810997 KOT 0,620 4.60 2,29 435, 20 0 20598 1004 12506.0 10.8 29,12 44,10 9.87°
>16-08-61 810508 HOT 0.820 4.40 2.28 431. 20.2 30878 100G4 12J1700 10,8 29.08 43.74 0.87
>10~14-81 816711 HOT 0,430 5,20 2.29 429, "O.L 30898 DGO4 12577.2 10.8 29,22 47.16 §.B8
pZ K {6/HI) >} (KFB) : {IN-HG) {GRAINS J{-—{GRANS)—>)
> : v , - A0 N '
> T . .
> HEAN 0.614 4.52.2,26 430..20,2 29,03 49.30 0. 89
> STANDARD DzV, 0195 0,438 ,047 5. 0.2 0,182 9.033 036
-2 C.V.2 " 3.2 2.7 2,1 1.1 1.1 0.6 18,3 4,0
> DIFFO Z 1, -4, ’10 ,20 -1, ~0. -1 ’00
>
> BAG DATA
> S _
> ° ' B ’ ° ' .
> DATE TESTHD TVPE VKO SITE BC 2 3 €0 2 MX 2 3 €02 2 3 FE 2 3
> ———— ———— e ——- ——— ———— ———— - - — - - - - - —— - - - - -
> .
210-02-81 S10%03 KOT DOD4 4002 0,593 0.35% 0.0 4,03 4.04 0,0 3.05 1,54 0.0 423, 423, 0, 20,5 20.6 0.0
>10-04-81 ©10904 HOT D004 AD0Z 0,648 0,600 0.0 4,53 4,29 0.0 2.93 1,48 0.0 437, 430. 0. 1%.9 20.2 G.0.
>10-08-81 810507 ROT DOD4 AGD2 0,536 0.517 0.0 4,71 4,49 0.0 3,07 1.1 0.0 43%, 431, 0. 19,8 20.1 0.0
210-08-81 §10%08 HOT D04 AO0Z 0.847 0.5%E 0,0 4,47 4,39 6.0 35,06 1.56 0.0 433, 429, 0. 20,0 20,3 0.0
>10'14'S} Bi0911 nOT  H004 AG02 0,637 0.8620 0.0 5050 501 0,0 3,04 1’50 0.0 430, 429. 0. ’,001 7001. 0.0
> {ALL 67KD) F - {HFG)—>1
7 : .
> KEAN 0,632 ¢.5%2 0.0 4445 4,44 0.0 2,02 1.56 0.0 432, 428, 0. 20,1 20,3 0.0
> STAXDARD DEV. 0,023 0,024 0.0 0,94 0,36 0,0 0,05 £.00 0.0 6 3. 0, 0.3 62 0.0
> C'V'Z . 306 4'0 000 1105 801 3 117 363 00 16.} 007 000 103 009 000
> UiFfe I 3 -1, 0. 1. -8, O, -G -3, 0, ) 1. o =20 =1 0.
b
> €.V, IS THEZ COEFFICIENT OF VARIATION. (STD, DEV./HEAN ¥i00),
> PIFE, % 1S THE DIFFERENCE OF TRT HCANS BETWIEN THE EFR ANTU EPR LAB, (MrR-EPG/EPE X100),
? kOTEY THE CﬁﬁﬁENTS FERTINENT 70 THESZ TESTS ARD LOCATED IN THE LaST TABLE OF THIS AFPENIIX.
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* 'LAL CORRELATION SUMMARY PROCESSED: KOV 18, 1961

VOLVO PROBE HFET  ° VIN VDLVG REFCA THERTIA §T 3300  ACTUAL HP 12.8
LAR N _ BC CO NOX CO2 FE RARD ° HUX NYFC DBL HSL TLOSS
K 6/41 21 (BPB) (IN-HB) {BRAINS I{-°(BRAHS)—-'>I .
S LR} . . .

SAMPLE CFV CHOKED 35 MCAN 2004303 3,867 34056 364, 23,9 29,09 50,35 0.90
‘ . STARDIARD BEV. . ,00B4 C.088 .0B6 5. 0.3 0,207 3,401 013
C.V.Z 1.7 1.7 2,4 1,3 1.3 0.71 6,75 1045
SANFLE CFV *UNCHOKED | S, HEAN 0,512 3,86 3.70 371, 23.4 28.86 54,47 6.92
; STANDARD DEV.  .009% 0,073 208 5. 0.3 0.242 3,935 .0i6
L. 1,9 1.9 54 1,4 1,4 0,84 4,97 1.71

DIFF Z . 200 k2, -2, <1, 12 3,

VXI5 THE CCEFrICIENT OF VARIATION. {STH. DEV./RZAN 3100),
IFF.x IS THe DIFFERZRCE OF THC McANS BETEIER THE PR AND tek LARS, (HFR-EFA/EPA 33100).



LAR CORRELATION SUMMARY - TEST DATA

PROCESSED: NOV

}L:’&-:‘ Zhn — Choked VEHD VOLYG FROED HFET Wine VOLVE RZFCA RIETIA #15 3500 KITURL WPL 1LLE
> TATD TESTHD Tirt KD CC KOX CO2  FE DRIVER DVRO CiOR 1P BARD HUR  NXFC DEL TREL TLDSE
y —_— ————— ee-e— —— - - wem ee cecees coee ——— — ———— —— ——— ——— — eme——
7
A7-29-81 i 3,87 3,50 364. 23,9 30g98 D004 1216%.0 10,8 29,25 Si.i0 0,99
;':"7":‘; H : RBFEY ] 307? .40 357, 2“0: u\.’)?ﬂ Liosd 1...\(‘40: 166 29,25 S(MS: 00’7‘\)
AF-30-81 L BFET 04459 3,86 3,05 339, ”4.- 17272 3004 12247.5 1048 23,11 48,75 V.68
AF-30-C1 BiUE75-1 EFET (L E09 3482 3,70 370, 3309 17285 TL04 12275,0 1008 29,11 47.04 0.6
7i0-01-B1 B10901-1 KFET £.300 3.%6 3497 386, 23.7-303Y8 L0L4 12353.3 10.8 28.74 55.51 0.72
? [{—=—=(B/kLl}-~——>1 (NFGJ (1K-HG) (GRAINS 1{=-=(GRARS ) =71
) /L)
>
> KEAN 0,503 3,86 1.56 364, 23.9 29.09 50,35 0.90
> STANDARD LEV, - .00B4 0,046 .088 S, 0.3 0,207 3.401 .013
'>' COVoZ 107 107 204 103 1'3 007 608 104 .
>

155 1981

REFCA

>
>
SLABY SAMFLE CFV *UNCHGNED
7/
>

VEH: VOLVD FROBE HFET ~ VIN! VOLVD INERTIA ¥T% 3500 ACTUAL HP! 12.8
DETE  TESTRD  TYPE HC  CO  NOX CC2 FE DRIVER I'YNO ODO¥ IRP BARD HUX NXFC DEL HSL  TLOSS
Yy —— ————  ——— ———— — —— - - e _——e —— — ——— — ——— e~ — e——
> .
>09-30-81 81¢893-1 HFET 0,517 3.95 3.73 374, 23,2 17282 1004 12198.5 10,8 25,12 56.05 0.92
»09-30-81 8108%6-1 RFET ©.017 3.92 4.01 377. 23,1 30B9€ D004 12223,0 10,8 29.11 353.16 0.71
>10-01-81 81UE%9-1 KFET 0,502 3,83 3.J1 263, 23,9 17282 oG4 12218.8 10,8 28,83 58,32 0.93
>10-01-81 £10%00-1 KFET .322 3.78 3,75 372, 2‘.ﬁ 17287 TOG4 12327.1 10.8 28464 62419 0.%4
>10-01-81 B15902-1 ArET 0.500 3.80 3.4% 349, 23,4 3DBYE I004 12378.,0 10.8 28,78 52.44 0,90
> ‘ {mm- (6/K1)-—=--71 (HFG} (IK-HG) (BRKINS |{~~-{GRAK3) -1
> /LE)
? _
> KEAN : ¢.512 3.86 3, 70 3714 23,4 Lu.86 56,47 0.92
> STHNDARD DEV, 0099 0,073 50 0.3 G,242 3,935 016
> C,U.Z 109 109 Sc6 104 104 008 /00 1 7
} DIFF.'Z 2. '00 4, 20 '2' -1, 110 uo

A\



i
i

nFEE 20220 To Nt

1S £ 1 S

VOLVO REPCA TFULL ECONOMY - SEQUENTIAL TESTS
) R UG
| ath R

|

il

! Ry
-

it

X

L1

LTI

ﬂ : : = o e : ; —=

A
it
o

Pt Sre maran = P 1= e 0 T d
=1 rar— - — -
* —_—— T 0 T Tt T =T - * ~=-
- T -
- T . ‘A - . v .A l‘n

2 : - - -
\‘-—H‘ R S Sa e S AR A SRS S
e ot

P S WS N e i " : PSR SN s - -t T
S R 43 W = pn — e S SR 0 NI IR SEN RS TS S SEE S e
L e e o A ST e T — —

ad S

T
LI T N e T '
ML TR TN ALY it

3 INTIHOVILY



el e TR H R R o e e e
(R bR e AR B R R R e
1RO R ] B 0 I A 1 - L

CIC AR T T T T T
m%m 51 A= 1 0

Y AT 13

ola ) ] 5 1t 1 0
T B o o L L
- ON'A —f e fm § D P N i =} - .l.lj..l||l:\v|‘ |'.|l4'|ll.||nVI'.I-II-‘IIlIl’:A"!]- wfoms | ] -] —
T B I .lu.-‘.-‘ﬁrl.lul el . e H*.llln|l

:.-H-..s.ﬂlm-.,.f l-mf|%1 s ,..lu}.,.x:.“,l..w,-,i;x..u.,u ..-é......,.(-...,,,u,.ﬁ,.- ..,u.,mw.wum
EEENRREERRREAN R ZHRmER dunman REREENNESEEER (NN N NRARRRNNARNRRANRARS AR RN ERRRE
0 6 I N 1) -|1:.m_....,uwa|fu.;..- O U o i D14 EE RV TR
NEN. - = M. 0 I O O A O 1oL

f

ATTACHMENT D

t

EPCAFUEL-ECONOMY
l
i
- i
Pt

{
]
]
1
N
1
i
{
|
;
|
;
i
7
;
;
I
;
;
]
1T
‘I
ot
;
;
;
Tl
LI 4
-
P
!
:
;
1
!
;
vy
i
L
;
;
—
T
T

1

VDLV
i

|
Y
:
|
]
i
T
i
i
7
T

'
1
§
:
'
i
i
1

i
[
|
HOT_TEST
T
P
|
]
P
[
T
T 1
tod
Pl
!
Kl
L E
sl
i1

i D - I Y N N O Y U )~ O U O (O D N ) N G A DAY T W) OO ] - . R A . . _ - S O Y R O OO
- T O O N Y O U O k) I . . B O U O O L

A

b- - - -

1Z-280
LR

veor




LAY CORNELATION SUMMARY -~ TEST OATA

- - - . - -

PROCESSED!?

NOY 19,

1981

S R D s e e BT T P D G L P g, W A PSS e WD PP T n YR S T S TE P M GF W e T T T e W WP T TR S e e s S mr T e T W D T M A Y At P GE SR W S D e D D e WP Y e e TR T T D e A e S D TR P G SE R G e W Gn W T s P TR YD Y

P kL e . e T R e e T

3t EPA - PAIRED TESTS VEH!
IATE TESTNO TYPE HC co
-28-81 Al]d27 HAT 0.16Z2 0.61
-28-81_8112328__ _HAT_ _0.l6k  0.60_
-24-81 811329 HAT 0.168 0.63
=28-n4]1 B11330 HHT  O.l47 0.43
=13-H41 811331 HAT 0.¢54 1.1
-13-81 811332 HOT_ 0.250  1.11
<1361 811333 HOT 0.236 0.80
=13-81 811334  HoT 0.237 0.R80_
-13-81 811335 HaT  0.21% 0.91
-13-81 811336  HaT 0.214 0.90
-13-81 811348 HAT  0.209 1.01
=13-81_8113689 _ HaT _ 0,209 1,02
<13-81 811591 HOT  0.199 0.6%
-13-81 811592 HNT__ 0.199 _ 0.66
-13=81 4119593 HAT T0.211 0.50
-13-81 811594 HOT 0.20% 0.53
e mmam (G/
ME AN 0,203 0.76
STANODARD DEV. «0336 0.2306
CiVeR 16.5 30,9
D003 = Probe 2
D004 = Probe

1

COUGAR HOTS

coe

NOX

0099
0499
0,96 Haa,
0,96 S48,
1 0eETsedTT

l 02“5“30
1,09 535,
1,10 536,
1.0% S529.
1.04 522,
.02 532,
1.02 535.
1.06 533,
1.06 537,
“1.05 536,
1.05 s37.
MI}=memm >

546,
546,

1,03 534,

« 041 7.
“'u x.J

" FE DRIVER

16.2 17282
16.2 17202
16,3 17282
. 16,1 17282
1623722118
16.3 22118
1645 27116
16,5 22118
16,7 22118
16,9 22118

"i6.6 23118

16.5 23118
16.6 22118
16.5 22118
i6.5 22118
16.5 22118
(MPG)

lb.l‘
0.2
1.3

nooa.

VIN?

DYNO

D003
_Do0a
D003
D004
0003
D004 _
no0l3”

0003
nooo
0004

Noo0J_

000
0004
D003
nooe

106TOBS

BARO

000OM

1HP

7195.1 10.8 29.29
7195,1 10.8 29.29
TR0 010,829,297
7207.0_10.8 29.29
7390.1710.8 29,39

_7139n,1_10.8 29,39

T7400.5710.8 29.60

. 1600.5 10.8 29.40

T614,5 108 ¢9. 36

7416.5 10.8_ 29,36

“425.8710.8 29.3¢4

T425.8 10.8 29.36

76432.1 10.8 29.34
7632.1 10.8 29.34__
‘7637.0710.8 29,34
7437,0 10.8 29.36

(IN-HG) (GRAINS

2%9.34

0.065
0.2

® 'Tes* \M\H\\Qv&oc “N‘uﬂhOV("£]OuJ

Tisf

IS

Thiv-

ACTUAL HP3

TLOSS

| €¢eec={GRAMS) ===>|

INERTIA WTI 4500
HUM NXFC DBL HSL
48.81 0,89 o
48.81 0.89

S6 460,50 6
__50.66_0.90
49,93 0,89
.69.93.0.89 @
T47.36 0,49 @
47,38 0.89
46,970 0
46.97_0.08__ @ _
"4i.91 0.67 @
61,91 _0.87
42.13 0.87 @®
42,73 0.87_
437127087 @
43,12 0.87

/L)

46.461 0.88
3.275 .012
7.1 1.6

13.0

*qT 00S%

SLS4L ALID 1OH 9Vd T

JHV 0°€T

2 INTHOVIIV



J1 EPA
JATE TESTNO TYPE OYNO
-28~81 811327 HOT DOO0J
~Z28~-81 811328 HOT 0Quoe
-~Z2B-81 811329 HOT 0003
-2H8-81 8112330 HOT DUOs
-13-81 811331 HOT Dvul
-13-81 H11332 HOT DOOa
-13-81 811333 HOT 0003]
-13-81 811336 HOT D004
~13-41 B11335 HOT DOV
~1J3-81 8112336 HOT 0006
=1J3-81 811388 HOT D006
~13-8) 811349 HUT 0003
-13-41 811591 0T ©000)
-13-81 811592 HOT D00A
~13-d) 811593 HOT D003
-13-81 811594 HOT DOOs
MEAN
STanBARD DEV.
CCV.%
Cnv.q\
DIFF.
NOTE?
D003 = Probe 2
D004 =

Probe 1
LN

SITE

4002
AGOZ
AUOZ
ALO2
ADD2
AUD2
AVO2

AUOR"

A002
a002
AY02
Ay02
AVO2
AQ02
AQ02
AQ02

0.15Y
Uelo7
v.126
0.1206
0,367
0.355
0,319
0,329
0,268
0.268
0.254
0.252
0,230
0.257
0.247

0.246
0.075
30.3

0.166
0.1066
V.169
0.166
0.155
0,155
0.156
0.153
0.165
0.165
0.1067
0.170
0.171
V.171
0109
0.166

0.164
0.006
3.7

CODOO0QIODT OO COOO
® & @ o ¢ ¢ e e o @ s 8 @ 9 e o
DO OCTS OO OO0 Q

S THE COFFFICIENT OF VARIATION.(STD.
% IS THE NIFFERENCE UOF THE MEANS BETWEEN THE MFR AND EPA LAH.
THE COMMENTS PERTINENT TO THESE TESTS ARE LOCATED IN THE LAST

LAB CORHELATION SUMMARY

VINI

co 2

1.09 0417
0.850 0,09
0.81 0.09
2.03 0.32
1.99 0.32
l.41 0.23
1.2 0.23
1.52 0.36
1.50 0.35
1.55 0.51
1.56 0.5¢
1.00 0.30
1.00 0.30
0.93 0.19
0.91 '0.18

(A

1.29 0.27
0.3y 0,13
30.5 47.5

1067084

k) MO X

1.13
1.13
1.08
1.07
1.20
1020
1.29
1.30
1.23
1.22
1.18
1.18
1.22
1.22
1.21
1.22
L G/MI)

QOO QOO CTCOOOOTOO

@ ® 8 ¢ & o 6 @ @ 8 s T * ° s e

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
L

.19
0.06
0 5.4

QO

Qe o
¢ OO0

DEV./4EAN *100),

- BAG DATA

0.86
0.67
0.86
0.85
0,66
0.86
0.91
0.91
0.88
0.87
0.87
0.87
0.90
0.90
N.91
0.90

QO DVOADODIOODODODDODDO
® % 6 ¢ & 6 8 & s ® o % s s e

CO DO OOV ODOOO

0.08:0,
0.02 0.
2.“ 0

INERTIA WTt 4500 ACTUAL HPI
ro2 F4 3 FE 2 J
522. 564, 0. 16.9 15,6 0,0
522. 569. 0. 16,9 15,6 0.0
521. 565, 0, 17,0 15.7 0.0
527. 567. 0., 16.8 15,6 0,0
535. 569. 0. 6.6 16,1 0,0
536. 549, 0. 16,4 16,1 0,0
523. 546. 0. l6.v 16,2 0,0
565- S(‘bo [ 1608 16.2 0.0
516, 561, 0. 17.1 l6.4 0,0
512. 532, 0., 17,2 16.6 0,0
516. 548, 0. 17.1 16.1 0,0
519. 551 0. 17.0 16,1 0.0
509. 555« 0. 17.3 16,0 0.0
510. 561, 0. 17,3 15.8 0.0
521« 550. 0. 16.9 16.1 0.0
5250 5"‘7. 0. 16'8 lbtz 0.0

l¢~={MPG) ===>|

521. 553. 0. 1649 16.0 0,0
8. 11, 0. 0.3 0.3 0,0
1. 1.9 0,0 1.6 1.8 0,0

{MFR-EPAZEPA *100)
TABLE' OF THIS APPENOIX.



327
328
3¢9
330
331
332
333

336

335
336
348
NG

591}

592

594

PROYE
PRORE
PROBE
PROHE
PROBE
PROBE
PROME
PRORE
PROHE
PROVE
PROGE

PROKE

2-Cvs
1-Cvs
2-Cvs
1-Cvs
2-Cvs
1-CvS
2-Cvs
1-CvS
2-Cvs
1-Cvs
1-CvsS

2-Cvs

23
24-
23-

26~

23

24

23~

r4

23~
24~
24~

23-

LAR CUORRELATION SUMMARY - COMMENTS

IN CHOKE
IN CHOKE
IN CHOKE
OUT OF CHOKE

IN CHOKE

IN CHOKE
IN CHOKE
-0UT OF CHOKE
VUT OF CHOKE
IN CHUKE
IN CHOKE

OUT OF CHOKE

- PROBE2-CVS 23C = IN CHOKE

PROBE 1-CVS24C- QUT OF CHOKE -

PROYBE 2 CvS 23C ~IN CHOKE

PROBE 1 CvS 24C-0UT OF CHOKE

4500 LBS/13.0 ACT,

4500/13.0 ACT.

1 14,13
1 13.57
1 13.57
1 14.03
1 14,03
1 13.60
1 13.60

NN NN NN NN

16,10
13.78
13.78
13.70
13.70
13.91
13.91

15T BAG SHOOK FOR

1ST BAG SHOOK FOR

J 14.25
J 13,87
13.87
13.99
13.99

14,09

W W W W W

14.09

STRATIFICATION

STRATIFICATION



- LAB CORPELATION SUMMARY -~ TEST DATA PROCESSED! NOV 19y 1981

- - W ar en - - - o - -

- D S D WP P D ey W T D ED D T G TR W G D SR m e G5 S s D G e T TP G R W P M RS e e e e T B AB e W e v e A W Y e s b Be e Y e =S e e S e e e W A e da e ST A Gn e G e Ay A S e A ED e S SN D TP M N an 4 TR e YR e GRS

- EPA VEH! COUGAR MHFETS : VING 1067084 INERTIA WTt 4500 ACTuAL HP3 13.0

- - - = T = D n n S G TR S Y S e T ER M T T S " e P M e e - dn G p S e b D dm S 4e e W TP D e m " T A s e R S R WP TP I AP e S W WD TR WP R e e O G BB On e O

TE  TESTNO  TYPE HC CO  NOX CO2 FE DRIVER DYNO ODOM  [HP BARO HUM NXFC DBL  HSL TLOSS SEQUENCE

- - - - - - m—--- - - - - - - e s e - -—— - - - - - - - - - .

- - - - -

yo=81 B11638-1 HFFT 0,079 0.09 1,56 3d3. 23,1 22118 D006 72B3.0 10.8 29.25 69.32 0.A9

4.,
16=H1 811639-1 HFET 0,078 0.08 1.53 379. 23.4 22118 N003 7283.0 10,8 29,25 69.32 0.89 @ 1
13-81 B1IQEG=TTHFETT0,067 0005 158 J73. 2306 22118 (o0& 1484717071008 29.36 «2.73 n.B7 @ 4
13-d]1 RJ1445-] HFELT 0,067 0.05 1,57 375, 23.6 22118 000 7467,0 10,8 29,34 __42.73 0,87 @
16-81 811606-1 HFET 0,065 0,02 1,47 378. 23.5 36784 0004 7540.0 9.7 28.78 58.8%9 0.93 e 8
15-81 A11607-1 MFET 0,065 0,02 1,46 377. 23,5 36784 0003 7540.0 9.7 28,78 58.89 0,93 @
Ye=HB1 B11660-1 HFET 0,077 0:12 1.5¢ 372. 23.8 22129 D006 7306.0 10.8 29.26 4B.08 0.89 @& 2
1e-H1 B811461-) HFET 0,077 0.12 1,56 381. 23.2 22]29 D003 7306,0 10.8 29,26 68,08 0.69
jo-Bl B114662-1 HFET 0.077 0.16 1.56 371, 23.9 22118 OOa 7329.0 10.8 29.25 51.62 0,90 3
Ju=-81 B114663-1 HFET 0,077 0,15 1,54 371, 23,9 2214800V 7329,0-10,0 2925 51,6¢ 0.90 @
168178114461 HFFEYT 0,066 0.06 1.49 38B0. 23.3 Joal#4 D004 TuT4.0 9.7 28.78 39.47 0.86 @ 5
16-81 811667-1_HFET 0,066  0.05 1.49 382, 23,2 3JaTue D00 T676,0 9.7 28,78 39,47 0.A6
16-8B1 u116aB-1 HFET 0.067 0.06 l ab Jold, 24.4 3JaTuu DU04 1T497.0 9.7 2A.78 356,40 .92 @ 6
1h-81 B811650-1 HFLT 0.067 0.06 371._ 23,9 36786 D003 T497.0 9.7 28.79 56.490 0.92
TE=UT BNIATS-T HFET U URT 0,07 l 67”377. TEIE 3878570000 ME19 0 9.7 28.78  55.21 0.91 7
16-81 811605-1 HFET 0.067 0.07 1,47 374, 23.7 34784 D003 7519.0 9.7 28.78 55.21 0.91 @ .
: | €=mmmnn (G/M]) =====>] (MPG) {IN-HG) (GRAINS | <===(GRAMS) ===> |
/LB) :
]

ME &N 0,071 0.08 1.51 375. 23.6 29,03 50.21 0,90

STANDAKRD DEV. <0056 0,041 039 5. 0.3 0.265 6,505 ,024

CoVed 7.9 53.0 2.6 l.6 1.4 0.9 13.0 2.7

D003 = Probe 2

D004 = Probe 1,

[

o Test W!'“\ pm\ﬂe -\Y\“C.\\o\\t"ﬂow

Test Bhae

*qT 00S%
SLS3IL I33MH

dHV 0°¢T



34
6439

Lhy

~06
607

460

b )

L2
443
NN

ua7

448

LS50

606

1505

PROBE
.R

PROYE
lﬂ-”
PHROYE
4P =
PHOHE
IHP =
PROBE

PROBE
PROKE
PROME
PROBE
1n.8

PROWVE
lo"j

PROYE
PROYE
PROBE
PROBE

PROBE

1-CvS
2-Cvs
1-CvSs
lo.n

2-Cvs
10,n

1 Cvs
2 Cvs
1-CvS
2-Cvs
1-CvS
2-Cvs
1-Cvs
2-CvVsS
1-CvS

2-Cvs

24
23

LAB CORRELATION SUMMARY - COMMENTS

COUGAR HFETS VIN- 106T0HS

1 16,42 2 14.49 ] 14,55

1 14,62 2 16,49 I 14.55

24-]1N CHOKE

23-IN CHOKE

24C

23C

IN CHOKE AVE. CVS TEMP,- 200 TO 225 F .

1IN CHOKE

24-1IN CHOKE

ACTUAL WEIGHT~- 4500 ACHP=13.0

23-0UT OF CHOKE

24
23
24
23
24

23

1-Cvsaac

PROHE 2 CvS=-23C

ACTUAL WEIGHT=-4500 ACHP=13,0
aC 1 164.37 2 14,52 3 14.50

OC 1 164.37 2 14,52 3 14,50
IN CHOXE

OUT OF CHOKE
In 'cHoxE

(TREAT AS AN ODD TEST NUMBER) OUT OF CHOKE
OUT OF CHOKE

IN CHOKE

INERTIA WT 4500

lHP:lO.Il

1HP=10.8

ACTUAL WP 13.0

- 0 = 2 2 > e - . - = W = > " = = . A ™ - > v P O " = - o = = G . o - = -

TEST WGT 4500 POUNDS

TEST WGT 4500 POUNDS

AC

AC

ACTUAL TEST WEIGHT = 4500

ACTUAL TEST WEIGHTI =

CeDe.

Ce0.

1 14.55
1 16,55
ACTUAL

ACTUAL

C.0.
14,16
C.D.
C.D.
C.D.

C.D,

1

3

1

1

16,08 2 16,58

le,68 2 14,58

4500
3
3

2 14,57 3 16,61

2 16.57 3 14,61

WEIGHT 4500
WEIGHT -4500
16,16_.2 164,18
1a.18 16,19
16,63 2 14,52
16,63 2 14,52
16,48 2 16,56

14.68 2 14,56

HP 13.0  IHP 10
HP 13.0 1P
ACHP 2 13.0
ACHP =£13.0
16,56

14.5%6

ACHP = 1J.0 IHP =

ACHP = 13,0 [IHP =

3

w W

14,19

16,47
164,47
14,55
14,55



LAY CORRELATION SUMMARY - Tesr DATA PROCESSED! DEC 1, 1981

£EPA VEHI ESCOKT HOTS VING 202 1:6-F-076 INERTIA WT! 2500 ACTUAL HPI 6.0
TE TESTNO TYPE HC Ccu NOX FE DRIVEKR DYNQ ' ODOM IHP  BAROQ HUM NAFC DBL HSL TLUSS
9-81 B11349 HAT  0.350 13.90 0.0Y 26,1 36783 0003 7667.1 6.5 29.30 55.06 0.91 :
9-81_811350 HNT 0,350 13.91 0.09 26,0 34783 D006 T66T7«l 4.6 29.30° 55.06 0.91

9-41787T11351 HOT T 0.569 21.07 0.07 2u.0 364783 D003 T7681.5 6.6 29.30 56.88 0.91 @

9-B1 B113%2 HAT 0.561 21.10 0.07 23.9 364783 D004 T6B1.5 4,6 29,30 54,88 0.91
=BT BT1353  8AT 0,570 2T.61 0.00 2a. 0 3Gy DO03  7695.1 4.6 29.3T 5&.67 0.91
9-81 H11356 HAT  0.56% 21.71 0,07 2641 36783 D004 76951 4.6 29.31 54,67 Q.91 @
;0-81 B11355  HAT 0.J32 10.11 0.1 23.5 22118 D003 7712.0 6.6 29,40 5S6.85 0,91
1U-8]1 811356 HNT 0,331 10502 0,15 350, 23,7 22118 00U4  TT112+0__4+0 29.40__54.85 0.3} __@
10-81 811357 HAT 0.319 11.00 0.13 23.3 22118 NO0Y 77310 6.6 29.34 55,84 0.92
10-81 811358 HOT  0.J317 10.91 0.13 234 22118 D004 77310 4.6 29.34 55.84 0,92 @
10-81 811359 HAT 0.6H3 16.21 0,11 23.0 22118 D003 T742.0 6.6 29,34 571,20 0.92
10-81 811360 HOT  0.482 16411 0.11 23.2 22118 DO06G T742.0 6.6 29.34 57,20 0.92 @

[RETEETES (G/M]) ~=eem (MPG) {IN-HG) (GRAINS } €¢me={GRAMS) ===>|
/LB)

ME AN 0.43% 15.65 0.10 23.7 29.33 55.42 0.92

STANDARD DEV. L1106 4.737 029 0.0 0.0649 0,926 .004

CeVoed 25.4 30.3 26,1 1.6 0.2 1.7 0.6

D003 = Probe 2

D004 = Probe 1

HAG DATA
TE TESTNO TYPE DYNO SITE € 3. ¢o 2 3 NOxX 2 3 co?2 2 3 FE 2 3
L3

‘9-01 811369 HOT D003 a002 0.512 0.201 0.0 1S.44 12.11 0.0 0.11 0.06 0.0 2305. 381, 0. 26.7 22.1 0.0
9-H1 811350 HOT DOD&4 4002 0.512 O.201 0.0 15.83 12,15 0.0 0.11 0.06 0.0 305. 384, 0., 26.8 22.0 0.0
-H1 811351 HOT DOU3 4002 0.624 U, 0.0 19.65 22.39 0.0 0.10 0.06 0.0 ¢299. 368, 0. 2647 21.9 0.0
9-81 A11352 0T Duls A002 0,629 0. 0.0 19.72 22.37 0.0 0.10 0,04 0,0 30l. 369, 0. 26.6 21.8 0.0
“J~81 B11353 HOT DUUJ A002 U.SIL 0. 0.0 18,20 25.15 0.0 0,11 0,05 0.0 299. J64, 0. 26.9 21.9 0.0
-0t 811356 HOT DOV& 4002 0,526 0.60U0 0.0 18.14 25.01 0.0 0410 0.06 0,0 29Y7. 364, 0. 27.1 21.9 0.0
=81 811355 HOT  DOVI £U02 0.560 0.12]1 0.0 13.35 7.12 0.0 0.15 0.13 0.0 328. 389, 0. 25¢3 22.2 0.0
=81 81)3%6 HOT D006 AUG2 U.558 0.121 0.0 13.23 7.05 0.0 0.17 0.13 0.0 328. 186. 0. 25.3 22.3 0.0
10-81 B11357 HOT DU0J AUO2 0.502 U.. 0.0 13.27 8,92 0.0 0.16 0,11 0,0 227, 395. 0, 25,3 21.7 0,0
10-81 611358 HOT 0006 A002 0.698 0,151 0.0 13.16 .86 0.0 0.16 0.11 0.0 2328. 392. 0. 25.4 21.8 0.0
i0~81 811359 HOT D003 AQU2 0,748 0.2 0.0 20.12 12.64 0.0 0.16 0.06 0.0 322, 390. 0., 26.9 21.6 0,0
10-81 H1]1360 HOT DUUG AODZ 0,742 0. 0.0 19.89 12,64 0,0 0.15 0.06 0,0 2320. 389, 0., 25.1 21.7 0,0
s {ALL G/MI) | <=~ (MPG)=e=>|
ME AN 0.578 0.30) 0 16,70 14.70 0,0 0,13 0.07 0.0 313. 38ls .0. 26.0 21.9 0,0

STANDARD DEV, 0.089Y 0,190 v 2.91 7.00 0.0 0,03 0.06 0,9 13, 11, 0, 0.8 0,2 0,0
CeVed 15.4 62.8 0.0 17.6 41,6 0.0 21.7 7.6 O, 4,2 3.0 0.0 3.3 1.0 0,0

D003 = Probe 2 - . o

\ @'
D004 = Probe 1 ® Test with probe in'chowe” Flow

Test Yar
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LAB CURRELATION SUMMARY - COMMENTS

- . - e W D - - - - - -

------------------- - e W S YR T D D WS e e TR P Ny Sy T e WL TR e S0 ML D WM SR W D TR W e G R W T SR W G PR W G e WS WA Y

ESCNRT HOTS VIN 262-1,6-F-0176 INERTIA WT 2500 ACTUAL HP 6.0
349 PROBE 2-Cvs 23-IN CHOKE - T T T T E.0.T. 5 SECS. AFTER 24C
350 PROHE 1=~CvS 24- [N CHOKE 114,50 2 16461 3 16.60
351 PROHE 2-CVS 23-IN CHUKE | 4
352 PROBE 1-Cvs 24-UUT OF CHOKE 1 14,38 2 16.47 3 14,48

353 PROBE 2-CVS 23-0UT OF CHOKE
356 PROHE )1-CvS 24¢-IN CHURE

355 PROBE 2-CvS 23-0UT OF CHOKE INDs HoPo 2710 HIGH

356 PROBE 1-Cv$ 26-IN CHOKE IND. H.P. 2710 HIGH 1 14,28 2 16,31 3 14,45

357 PROBE 2-CVS 23-0UT OF CHORE IND. H.P.=2/10 HIGH

358 PROBE 1-Cv$ 26-1N CHOKE IND. H.P.= 2/10 HIGH 1 14.12 2 16.30 3 164,33

359, PROBE 2-CVS 23-0UT OF CHOKE  HeP.=2/10 HIGH 450 SECS. OF 1ST BAG TRACE OUT OF SPECS.
360 PROHE 1-CuS 24=1N CHOKE-H.P.=2/10 HIGH 1 16,31 2 16433 3 14,33

050 SECS. OF 1ST BAG-TRACE OUT OF SPECS,



PN

. LASB CORRELATION SUMMARY = TEST DATA PROCESSED! OEC 1+ 1981

L R e e ke i R U e - - — -

- S D R n DGR W A D Y ey T D R U ST Gy G S e G W TS Gn Pn BN g B T T A me O WD W e gy e e W W . - oy b P AR R e A e P b Ve e > e N WD e S e e e T T = U e W AR e P T s e OB M A P G am AP Gn SR A W S W W W

t EPA VEH! ESCUKT HWFETS VIN! 262-1.6-F~076 INERTIA WT1 2500 ACTUAL HP1I 6,0

aTE TESTNO  TYPE HC CO NOX C€CO2 FE DRIVER DYNO ODUM IHP  BARO HUM  NXFC 0BL HSL TLOSS

28-81 811363-1 HFFT V.09¢ 6,13 0.1¢2 237, 36.4 30AYd DOO3 7511.0 4.6 29,30 47,95 0.89 @

28-81 B11364-1 HFET 0,095 4.1l 0.1¢ 236. 36.5 30898 DOUG  TS11.0 4.6 29,30  47.95 0,89 @

PU-BT B11J65-1 HFFT 04026 6.70 U.id 2397. 35.9 30898 DU0I  7522+9 4.6 29.28 53.70 0,91

3-8l 811366=-1 HFET 0,126 4,69 013 237, 36,2 30898 0004  7522.9 4,6 _29.28__53.,70_0,91__ @

A8~81 B11367T-1 HFET 0,082 3,80 0.15 237. J6.5 30A9H DOV 7555.1 4.6 29,29 53.67 0,9] @

2H-=B1 d11368=-1 HFFT 0,UHZ 3.82 0.15 237, 3646 30098 DO06 75551 4.6 29,29 53.67 0.91

?9-8B1 B11369-1 HFET 0.079 .98 0.21 239, Jb+3 17888 003 1588.2 4.6 29.35 52.20 0.90

29-81 H11370-1 HFET 0,u8l  ¢2.97 0.21 238, 36.5 17282 D004 T5H2.2 6.6 29.35 52.20 0,90 @

29-81 B11J71-1 HFET 0.UTI 2476 0.21 240, 3h.2 172He DUDI 761043 4.6 29.35 57.50 0.92

29-81 811372-1 HFEY 0,075 2.72 V.21 236. J6.8 172082 DULs  7610.3 6.6 29.35 57,50 0.92 @

29561 B11386-1 HFET 0,072 C+82 0419 2J8B. 3646 34783 U004 76365 446 29.34 546,60 0.9]

29-81 B11387-1 HFET 0,071 2.4l 0.19 236. 36.8 36783 DV03 7636.5 6.6 29.346 54,60 0.91 @ :
(¢ (G/M])~—==~ > (MPG) (IN=-HG) (GRAINS | <==={GRAMS) ==~>|

/LB)

29.32 53.27 0.91

MEAN ’ 0,088 3,53 0.17 238, Jb.4

STANDARD DEV. «0195 0,766 038 1« 0.3 0.058 2.999 .012
CeVei 22,2 '2107 22.8 0.6 0.7 ) 0.2 5.6 1.3
D003 = Probe 2 '

D004 = Probe 1

@ Test with probe in “choke Flow

Test Var
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363
366
365
166
67

j6s

370
371
)12
Bl-1- 2

iar

PROHE
PROBE
PROBE

PROHE

. PROBE

PROHE
PROBE
PROHE

PROHE
PROVE

PROBE

PROBE

2~-Cvs
1-CvyS
2-CvSs
1-CvS
2-CvS
1-Cvs
2-Cvs
1-Cvs
2-CvSs
1-CvsS
1-Cvs

2-Cvs

23~

264~

23

2u

23~
2u-
23~

26~

23
26

26-

23~

LAB CURRELATIUON SUMMARY =~ COMMENTS

- . v — e - - D A

ESCORT MWFETS VIM 262-1.6-F-076 INERTIA.wT 2500 ACTUAL HP- 6.0
IN CHOKE C,D.15.20415.16415,00
It CHUKE CeDe 15420+15¢16415.06
CiDe15.29015.21915412
CeDe15.29+15.21115.12
IN CHMOKE
VUT OF CHOXE €O 1.15.34 2 15.37 3 15,22

OUT OF CHOKRE

IN CHOKE } 15.28 2 15.33 3 }S.27
QC*'S. 1 15.30 2 15.40 3 15.36
0C*'S. 1 15,30 2 15.40 3 15.36
OUT OF CHOKE 115.35 2 15.35 3 15,28

IN CHOKE aC*S. 1 15.35 2 15.35 3 15.28

r oYMt mEencerurTaNRABODROOKANAD AU NRQRRRDBD N Jrubonsan |[HovoopddRaodonaoRD |



BEE 20x20 TO INCH
SEQUENTIAL ABSOLUTE [FUBL ECONOMY - 4500 1b.
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BEFE, 20x20 TO INCH

SEQUENTIAL PAIRED DIFFERENCES — 4500 1b.
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NEE 20x20 TO INCH

SEQUENTIAL ABSOLUTE FUEL ECONOMY - 2500 1b.
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SEQUENTIAL PAIRED DIFFERENCES - 2500 1b.

BFE, 20x20 TO INCH

= . . -
: - - :
— + T +
[N] I\ T
= 1 : :
N I i i
T : ¢ .
=
!
: Xl.,ln,. I - . e
e N
..... i - — —— N
: = e
— - o — 1Y
RS : T e e \ -
ot D o M Gt L S I AR NI S SR B = e e
: g - g P S A S S AN B A SO S Sl PRAMRAS BRI
S EEG - 4 : -
T I N ¥.'
= v ~y T
D v — T
= e A D e e -+ -
s p 4 =u
- e o : 1
- —tr Dt + N —
+ —t —r yat s TN o "
: “‘JL - AT R o
- g - : A 1t
h - H e — I I O AL e Py AOLIS I I IO S Ear W W W —
+ + Y . T TSI
: e - -
T — - T ~ T EENRECE S M, R S A I
 SE— o . e oy
L S Kl v T T n £3 o
¥ . : L S a8 B St SR O MR 13
13 2 s T
; - o
1} - g D
— - M S W MR SIS 1 ST S
- S ~
- — T :
) LA
.......... — .
T T B - S RTITRe ECSE
3 —
v/ ” » T A. -
o Th— v T o o4 =
T T o\ — 1| -
............ T —
et e s v — . =
: - —
1 ~+
4. N
:
—

i .{[_Fb_ [HHE

I,
i

_’1:(..:_:1._*‘;:354,1 AL LR L

Th L&.Ed
(

IR TTHI

n=—s
T Y -
1 )
. Y o
fast g
15 | el J
A Ko : : 1]
SR /R I O e SCA ECMYIP AN TSR WA T pd = 3
A T T o rw—
Aty - v N . N Y J
- " ) an LIRS0 A R R SR 7 Y . —
PN 4 o : I A i :
Y =1 . ~ : T - :
o : =1 T T
I Y . + .
= e i T =t
SR ) Ta S X T
A SRS REES i) s i N
e 3 g n n
g o : i - —\C
== - g N
! : <3 < Ju ¥ ¥
— , —
- i — - - R et S S S 3 S I SR T=Y
Y T T e Do AR | N I 1Y ST BRI S ] PPN
: r Ix T . \N. na
r CR T v 4 i oy
: : A Faas T Y A sl
I SRS R T 2 e T T - —
T : = Y T I
— para— T - * : PR ST SR S ARCAR Y —
T p T =i : T T | :
A e e IS . : : 1
At L 2 A n T e n
- 1 e T : 3 T RN SR A v S N A AP B S S s
NS BSSAD TN 3 D P S5 A i SN R R % I WIS 55 IR WA SR SEAr S IO S SIS —
[ R [ < T Py 0 n
T < S AR RS T ¢ o + T
= - Z
2 re T IR RS 3 RO 30 = H,H ....... T
- T e g & s i (I SR GRS B S W SO
....... P e : - 5
IR (WA RERES EEREN SRS R T Ky T T e >
—— ‘ : -
....... — t S RS T ; S T =
T T RS SRS RIS IR S SEREIAIN MO SO A BRI S T
FTY LR SENES SENE R . I : : L
e ,._. H
oy - =
3
} : 1 -
¥ — 3
(p0) . H i o) —— & o)
J— : — 4 — e e c - : —l—— e e
PEIOTRPIG I PR Dy DI SNBSS AR SRSNAS Sy P o = - f 3
——— 3 v PRRIRIVE Suptupy : 3 e e e e 1 et : :
e d e X .'IWl‘lli e o} o § o e} v e e : 4 i- . u e v




-+ CVS PROBE STUDY
Test Plan 2
Fuel Economy

.90 Confidence Intervals

(Student's t-distribution test)

VEHICLE HOT CITY 2-BAG's HWFET's
]
2500 1b, 6.0 ANP i
Mean MPG i 23.7 36.4
%
Absolute AMPG-interval (min, max) ; (-0.09, -0.19) (-0.10, -0.46)
. ‘
]
A% - interval (min, max) ; (-0.36, -0.82) (-0.26, -1.26) -
t
| 7% confidence that a difference ' !
L may exist 99 97 ;
| 4500 1b, 13.0 AWP :
' Mean MPG l6.& 23.6
i
] ‘ .
,  Absolute AMPG - int. (min, max) | (-0.03, -0.16) (-0.07, -0.47) :
r : y
0% - interval (min, max) (-0.16, -1.04) (-0.29, -2.05) 5

% confidence that a difference

may_exist

96

93

MPG choked

Y4 =< MPG unchoked - MPG choked) X 100

Absolute AMPG =(MPG unchoked - MPG choked)

9 INTWHOVIIV



ATTACHMENT H

Theoretical Analysis

Sonic velocity is defined as the maximum obtainable velocity of gas that can
be achieved regardless of the outlet pressure depression. The term “critical"”
or "choked flow" means that sonic velocity exists at the minimum area or
throat section of the venturi. This means that when “"choked" or "critical"”
flow conditions are reached the venturi reaches a maximum flow in actual cubic
feet per minute (ACMM). The .flow in ACFM is then independent of flow
variations due to venturi outlet pressure or other variations. Thus, a CFV
provides a constant volumetric metering element. The basic flow equation for
a CFV is derived in (VS technical note #1 and 3 by Warren F. Xaufman for
Ford/Philco October 6, 1971.

Critical Flow Venturi:

k+1 .1

| k-1 - k-1
2 k-1
g [“ - M2] L

Q = Volumetric flow rate (ft3/sec)

A = CFV effective metering area (ft2)

g = Gravitational constant (32.2 ft/sec?)

R = Universal gas constant (1545 ft-1b/°R mol)
Mw = Molecular weight of gas (lb-mol)

o = Gas total temperature (°R)
= Gas Specific heat ratio (dimensionless)
= Mach No. at inlet to venturi = v/c (dimensionless)

= Gas velocity - (ft/sec) -
= Velocity of sound =JKgRI/M, (ft/sec)

= Gas static temperature (°R)

H o0 <R

The flow rate egquation does not contain inlet or venturi differential
pressures as factors.

The bracketed term in the preceeding equation is a function of the inlet Mach
number which in turn is a function of the ratio of the venturi inlet section
area (Ap) to throat area (A*):

k+1
A 2(k-1)
21 1) 2 [ k-1 5
[ [ dsed
M = Mach no. at inlet to venturi (dimensionless)
K = Gas specific heat ratio (dimensionless)



A typical EPA CVS main venturi inlet diameter is approximately 3.875" and the
throat diameter is approximately 1.3". The ratio of specific heats (K) for
air and for nitrogen (largest mol fraction in the exhaust gas) are constant
and equal to 1.40 for the temperature range of interest. Equation (2)
reduces to: '

M= 0.064

A tyﬁical EPA CVS sample probe venturi inlet diameter is approximately 0.185"
and throat diameter approximately 0.035" yields:

M =0.021

Substitution of either of these values for M into equation (1) results in the
bracketed term being essentially equal to unity. Equation (1) thus reduces to:

k+1

9 k-1
(&) (3

My,

By definition g, and R are constants. For the temperature range of interest
specific heat ratio (K) and molecular weight (},) are essentially constant.
Finally, the area of each venturi remain constant.

Formula (3) then reduces to:
Qsample = Csample af Tsample 2nd Quain = Cmains/ Tmain

Or actual flow in the sample probe and main venturis are proportiomal to ' the
square root of the absolute temperature of the gas mixture. The ratio of the
flow equations for the main and sample venturis will be:

Qsample = Csamples/Tsample
Qnain = Cpain \/Tmainj :
The sample probe is physically located at the main venturi inlet, consequently:

Tsample = Tmain

Q
_sample = gonpstant

Quain

or the two venturis being in choked flow guarantees a constantly proportional
sample.



