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counter that rejects common-mode
noise.
(2) Torque. You may use a variety of
methods to determine engine torque.
As needed, and based on good engineering judgment, compensate for torque
induced by the inertia of accelerating
and decelerating components connected to the flywheel, such as the
drive shaft and dynamometer rotor.
Use any of the following methods to determine engine torque:
(i) Measure torque by mounting a
strain gage or similar instrument inline between the engine and dynamometer.
(ii) Measure torque by mounting a
strain gage or similar instrument on a
lever arm connected to the dynamometer housing.
(iii) Calculate torque from internal
dynamometer signals, such as armature current, as long as you calibrate
this measurement as described in
§ 1065.310.
(c) Electrical work. Use a watt-hour
meter output to calculate total work
according to § 1065.650. Use a watt-hour
meter that outputs active power (kW).
Watt-hour meters typically combine a
Wheatstone bridge voltmeter and a
Hall-effect clamp-on ammeter into a
single microprocessor-based instrument that analyzes and outputs several
parameters, such as alternating or direct current voltage (V), current (A),
power factor (pf), apparent power (VA),
reactive power (VAR), and active power
(W).
(d) Pump, compressor or turbine work.
Use pressure transducer and flow-meter
outputs to calculate total work according to § 1065.650. For flow meters, see
§ 1065.220 through § 1065.248.

pressure, temperature, and dewpoint
must
meet
the
calibration
and
verifications in § 1065.315.
(c) Temperature. For PM-balance environments or other precision temperature measurements over a narrow temperature range, we recommend thermistors. For other applications we recommend thermocouples that are not
grounded to the thermocouple sheath.
You may use other temperature sensors, such as resistive temperature detectors (RTDs).
(d) Pressure. Pressure transducers
must be located in a temperature-controlled environment, or they must
compensate for temperature changes
over their expected operating range.
Transducer materials must be compatible with the fluid being measured. For
atmospheric pressure or other precision pressure measurements, we recommend
either
capacitance-type,
quartz crystal, or laser-interferometer
transducers. For other applications, we
recommend either strain gage or capacitance-type pressure transducers.
You may use other pressure-measurement
instruments,
such
as
manometers, where appropriate.
(e) Dewpoint. For PM-stabilization
environments, we recommend chilledsurface hygrometers, which include
chilled mirror detectors and chilled
surface acoustic wave (SAW) detectors.
For other applications, we recommend
thin-film capacitance sensors. You may
use other dewpoint sensors, such as a
wet-bulb/dry-bulb psychrometer, where
appropriate.
[70 FR 40516, July 13, 2005, as amended at 73
FR 37300, June 30, 2008]

FLOW-RELATED MEASUREMENTS

[70 FR 40516, July 13, 2005, as amended at 73
FR 37300, June 30, 2008]

§ 1065.220

§ 1065.215 Pressure transducers, temperature sensors, and dewpoint sensors.
(a) Application. Use instruments as
specified in this section to measure
pressure, temperature, and dewpoint.
(b) Component requirements. We recommend that you use pressure transducers, temperature sensors, and dewpoint sensors that meet the specifications in Table 1 of § 1065.205. Note that
your overall systems for measuring

(a) Application. You may use fuel flow
in combination with a chemical balance of carbon (or oxygen) between the
fuel, inlet air, and raw exhaust to calculate raw exhaust flow as described in
§ 1065.650, as follows:
(1) Use the actual value of calculated
raw exhaust flow rate in the following
cases:
(i) For multiplying raw exhaust flow
rate with continuously sampled concentrations.

Fuel flow meter.
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§ 1065.225

(ii) For multiplying total raw exhaust flow with batch-sampled concentrations.
(2) In the following cases, you may
use a fuel flow meter signal that does
not give the actual value of raw exhaust, as long as it is linearly proportional to the exhaust molar flow rate’s
actual calculated value:
(i) For feedback control of a proportional sampling system, such as a partial-flow dilution system.
(ii) For multiplying with continuously sampled gas concentrations, if
the same signal is used in a chemicalbalance calculation to determine work
from brake-specific fuel consumption
and fuel consumed.
(b) Component requirements. We recommend that you use a fuel flow meter
that meets the specifications in Table 1
of § 1065.205. We recommend a fuel flow
meter that measures mass directly,
such as one that relies on gravimetric
or inertial measurement principles.
This may involve using a meter with
one or more scales for weighing fuel or
using a Coriolis meter. Note that your
overall system for measuring fuel flow
must meet the linearity verification in
§ 1065.307 and the calibration and
verifications in § 1065.320.
(c) Recirculating fuel. In any fuel-flow
measurement, account for any fuel
that bypasses the engine or returns
from the engine to the fuel storage
tank.
(d) Flow conditioning. For any type of
fuel flow meter, condition the flow as
needed to prevent wakes, eddies, circulating flows, or flow pulsations from affecting the accuracy or repeatability of
the meter. You may accomplish this by
using a sufficient length of straight
tubing (such as a length equal to at
least 10 pipe diameters) or by using
specially
designed
tubing
bends,
straightening fins, or pneumatic pulsation dampeners to establish a steady
and predictable velocity profile upstream of the meter. Condition the
flow as needed to prevent any gas bubbles in the fuel from affecting the fuel
meter.
[70 FR 40516, July 13, 2005, as amended at 73
FR 37300, June 30, 2008]

§ 1065.225

Intake-air flow meter.

(a) Application. You may use an intake-air flow meter in combination
with a chemical balance of carbon (or
oxygen) between the fuel, inlet air, and
raw exhaust to calculate raw exhaust
flow as described in § 1065.650, as follows:
(1) Use the actual value of calculated
raw exhaust in the following cases:
(i) For multiplying raw exhaust flow
rate with continuously sampled concentrations.
(ii) For multiplying total raw exhaust flow with batch-sampled concentrations.
(2) In the following cases, you may
use an intake-air flow meter signal
that does not give the actual value of
raw exhaust, as long as it is linearly
proportional to the exhaust flow rate’s
actual calculated value:
(i) For feedback control of a proportional sampling system, such as a partial-flow dilution system.
(ii) For multiplying with continuously sampled gas concentrations, if
the same signal is used in a chemicalbalance calculation to determine work
from brake-specific fuel consumption
and fuel consumed.
(b) Component requirements. We recommend that you use an intake-air
flow meter that meets the specifications in Table 1 of § 1065.205. This may
include a laminar flow element, an ultrasonic flow meter, a subsonic venturi, a thermal-mass meter, an averaging Pitot tube, or a hot-wire anemometer. Note that your overall system for measuring intake-air flow
must meet the linearity verification in
§ 1065.307 and the calibration in
§ 1065.325.
(c) Flow conditioning. For any type of
intake-air flow meter, condition the
flow as needed to prevent wakes, eddies, circulating flows, or flow pulsations from affecting the accuracy or repeatability of the meter. You may accomplish this by using a sufficient
length of straight tubing (such as a
length equal to at least 10 pipe diameters) or by using specially designed
tubing bends, orifice plates or straightening fins to establish a predictable velocity profile upstream of the meter.
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