Welcome to TruTech Training!

We'll be starting in just a few
moments......

www.TruTechTools.com
888-224-3437

Making Measurement Science Work!

If you are having trouble connecting, please email:
Jim2@TruTechTools.com
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TruTech Technical Training

Gauging your performance
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Energy Star on proper charge.
Refrigerant Charge
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California PUC analysis of 13,000 residential and
commercial units

Most off by % to 5 pounds of refrigerant

A/C units off by more than 8 ounces will potentially fail within 5
years

In cap tube or short orifice systems even one or two ounces can
have a serious impact on performance

Units incorrectly

cha rged 74% of systems are improperly charged

Causes

*Improperly calibrated measurement equipment
*Human errors during commissioning

SOURCE: The California refrigerant and airflow verification program
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ENERGY STAR INDOOR AIR PACKAGE

N

HVAC BEST PRACTICE INSTALLATION

ENERGY STAR

Typical Installation

Field Adjusted SEER [SEERFA]

11 12 13 14 15
Rated SEER
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Commissioning the system

Getting the Charge Correct

Set airflow
ID metering device
Charge by superheat or subcooling

Check the split across the evaporator

Document the operation
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Matched components:

—Systems must be listed in the ARI directory

Increased importance of charging:

—Proper charge is imperative to get guaranteed energy efficiency,
capacity, and system reliability.

Critical airflows:

—Airflow directly effects efficiency, capacity, and creature
comfort.

—Proper airflow across the evaporator is critical to achieve
efficiency ratings.

Yy lechTools



Set Airflow (nominal)
BTUh Airflow

* 12,000 | 400 CFM
18,000 | 600 CFM
24,000 | 800 CFM
* 30,000 | 1000 CFM
* 36,000 | 1200 CFM
* 42,000 | 1400 CFM
* 48,000 | 1600 CFM
* 60,000 | 2000 CFM
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ID the metering device

Fixed TXV
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The Digital Dilemma
Do you need to switch from analog gauges?
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Without need there is nothing but fluff

* Do technicians really need digital
gauges?

 What's wrong with the way |
have been charging?

* Are there really any benefits
aside from a “digital” display?

* How many systems suffer from
incorrect charge?

* Are they expensive to buy and
maintain?

* Are they reliable?

* Are they easy to use?
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Are there really problems with Analog
Instruments?

Just the facts, mam,
Just the facts.
fo
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Old School Tools

Tools of the Trade

*Gauges for each refrigerant
*Temperature pressure chart
*Thermometer
*Calculator
*Pen

*Paper
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Current refrigeration gauges

* Are using the same technology for the
last century and a half!

— Albeit, today more precisely manufactured

* With much care can produce readings
that are OK

* Were in specification when they left the
factory
— Onlyto +/-3%, +/-2%, +/-3 %
— But is close enough, good enough?
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Standard 3-2-3 Gauges

+/- 2% +/-2%
+/- 2.4 psi +/-10 psi
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Wacuum-Inches of Mercury ”ﬁ. TEMPERATURE PRESSURE CHART - at sea level Fressure-Pounds Per Square Inch Gauge

ltalic Figures Bold Figures

TEMPERATURE | REFRIGERANT (SPORLAN CODE) TEMPERATURE | REFRIMGERANT [SPORLAM CODE) TEMPERATURE | REFRIGERAMT (SPORLAMN CODE)
*F ac R-221%) | R-41000 ) | R-07CI M| | B-134ail) *F o R-220V) | A-410AT| |R-407CIN] | R-134alJ] “F . R-230V) | R-d10A0E| | R-407CIN} | R-130ald]
=60 | -51.1 11.9 0.9 16.0 218 12 | =111 34B| 654 | 29.0 13.2 42 5.6 715 |1236 | 646 37.0
-hh -48.3 9.2 1.8 13.7 202 13 | -10.6 35.8 67.0 29.9 13.8 43 6.1 73.0 | 125.9 66.1 38.0
-50 | -45.6 ) 4.3 1.1 18.6 14 | -10.0 36.8 | 6B.6 | 30.9 14.4 44 6.7 745 (1283 | 67.6 39.0
-45 | -42.8 2.7 7.0 8.1 16.7 156 -9.4 378 | 70.2 | 31.8 15.1 45 7.2 76.1 | 130.7 | 69.1 40.0
=40 | -40.0 0.6 101 4.8 14.7 16 -8.9 388 | 71.9 | 328 15.7 46 7.8 776 |133.2 | T0.6 14.1
=35 -37.2 2.6 13.5 1.7 12.3 17 -8.3 39.9 73.5 33.8 16.4 47 8.3 79.2 | 1356 | T2.2 42.2
-30 | -34.4 49| 17.2 1.5 a7 18 -7.8 409 | 75.2 | 348 17 48 8.9 808 |1382 | T3.B 43.2
=25 | =31.7 75 214 3.7 6.8 19 -T.2 420 | F77.0 | 359 17.7 45 9.4 824 |140.7 | 75.4 44.3
=20 | -28.9 10.2 25.9 B.2 A6 20 6.7 43.1 78.7 36.9 18.4 50 10.0 B84.1 | 143.3 T7.1 45.4
=18 =27.8 11.4 27.8 1.2 s 21 -6.1 d44.2 B80.5 38.0 19.2 55 12.8 92.6 | 196.6 |106.0 51.2
=16 | -26.7 126 | 29.7 8.4 o7 22 -5.6 45.3 | 82.3 | 391 19.9 60 15.6 | 101.6 | 170.7 [116.2 57.4
-14 | -25.6 13.9 | 31.8 9.5 0.4 23 -5.0 46.5 | B4.1 | 40.2 20.6 65 18.3 | 111.3 | 185.7 |127.0 | 64.0
-12 | -24.4 15.2 | 33.9 | 10.7 1.2 24 -4.4 476 | B59 | 41.3 214 70 | 21.1 [ 1215 | 201.5 |138.5 711
=10 | -23.3 165 | 36.1| 11.9 2.0 25 -3.9 488 | BJEB | 424 221 75 239 | 132.2 | 218.2 |150.6 T8.6
-8 | -Z22.2 179 | 384 | 13.2 2.8 26 3.3 50.0 | B9.7 | 43.6 22.9 80 26.7 | 143.7 | 2359 |163.6 86.7
-6 | -21.1 19.4 | 40.7 | 14.6 3.7 27 -2.8 51.2 | 91.6 | 44.7 23.7 85 29.4 | 165.7 | 254.6 |177.0 | 95.2
-4 |-200 | 209 | 431 | 158 4.6 28 -2.2 52.4 | 93.5 | 459 24.5 90 | 32.2 | 1684 | 274.3 |191.3 | 104.3
-2 | -18.9 224 | 456 | 17.4 5.5 29 =-1.7 53.7 | 955 | 47.1 25.3 95 35.0 | 181.9 | 2965.0 |206.4 | 1139
0 |-17.8 | 240 482 | 189 6.5 20 -1.1 B49 | 975 | 484 | 261 100 | 37.8 | 196.0 | 316.9 [222.3 | 1241

1 |-17.2 | 248 | 495 | 19.6 7.0 N -0.6 G6.2 | 99.5 | 49.6 | 269 105 40.6 | 210.8 | 339.9 |235.0 | 1349

2 |-167 | 26,7 | 60.9 | 204 7.6 32 0 57.5 | 101.6 | 50.9 27.8 110 | 43.3 | 226.4 | 364.1 [2B66.5 | 146.3

3 | -16.1 265 | 52.2 | 21.2 8.0 33 0.6 8.8 |1103.6 | 521 28.6 116 46.1 | 242.8 | 389.6 (2749 | 158.4

4 |-156 | 274 | 53.6 | 22.0 8.6 34 1.1 60.2 | 105.7 | 53.4 | 295 120 | 48.9 | 260.0 | 4164 (2942 | 1711

& |-160 | 283 | 55.0 | 22.8 9.1 35 1.7 61.5 | 107. 54.8 304 128 §1.7 | 278.1 | 4445 |3145 | 1845

6 |-144 | 291 564 | 23.7 9.7 36 2.2 62.9 | 110.0 | 58.1 313 130 | 54.4 | 297.0 | 474.0 [335.7 | 198.7

7 1-139 | 300 579 | 245 10.2 37 2.8 64.3 | 112.2 | 57.5 32.2 135 | 57.2 | 316.7 | 505.0 [357.8 | 213.5

B |-13.3 310 59.3 | 254 10.8 38 33 665.7 |114.4 | 589 331 140 | 600 | 337.4 | 537.6 (3809 | 229.2

9 |-128 | 319 | 60.8 | 26.2 11.4 39 3.9 67.1 | 116.7 | 60.3 341 145 62.8 | 369.1 | 571.7 |405.1 | 245.6
10 (122 | 328 | 623 | 271 12.0 40 4.4 68.6 | 118.9 | 61.7 35.0 150 | 65.6 | 381.7 | 607.6 (4303 | 262.8
11 =11.7 338 B39 | 2B.0 i2.6 41 5.0 J0.0 | 121.2 63.1 36.0 155 68.3 | 405.4 | 645.2 |456.6 | 281.0

To determing subeashing for iefrigerant R-4070 use BUBBLE POINT walues (Temperatures ahove S0°F — Gray Background]; o determsdng sopenhes R-A07C, use DEW POINT valpes (Tempeiatunes 50°F and balowl,
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Measurement Accuracy

Is close enough good enough?

Measurement

Every method has the a target and Uncertainty
measurement uncertainty

e Superheat Target
e Subcooling
* Wet-bulb
* Dry-bulb

* Line temperatures "
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Measurement Accuracy

Is close enough good enough?

Charging to the target for most
technicians means getting to
the edge.

e &
T o * &
Within 5° for superheat for &
example can still have an

uncertainty of 50%

+5

Target Yiiw lechTools



Measurement Accuracy

Is close enough good enough?

Analog technology and related
inherent error make the
uncertainty overshadow the
target.

Causes:
— Substandard
— Qut of calibration

— Lack of training Measurement

Uncertainty

— Incorrect measuring techniques
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Measurement Uncertainty

e Thermistor +/- 1.8°F

* K-type +/- 4°F
Gauge (psi) * Transducer +/- 2.5 psi
— Temperature compensated
+/- 2.4 to 3.5 low side — Altitude compensated

+/- 8 to 10 high side

Excellent Long term

Both easily loose calibration stability and accuracy

and accuracy, voltage effect
on thermocouples
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SOURCE: The International Journal of Sensing for Industry
Volume 21, No. 3 2001.

Thermocouple RTD Thermistor
{(Pt100)

Operating Range -200 °C to 2000 °C|-250 to 850 °C | -100 to 300 °C
Accuracy Low Very High High

< 1 2C common 0.03 °C common | 0.1°C commaon
Linearity* Met High Low
Thermal Response** Fast Slow Medium
Cost L High Low to moderate
Moise Problems /ﬁh Medium Low
Long term stability Low High Medium
Cost of measuring instrument | Medium High Low

*= Linearity is not an issue if using modern digital measuring instruments, as look-up tables stored in memory
provide compensation.

=* Thermal response 15 considered for the measuring element only, n@t its enclosure.
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Condensing Temps Analog
1-2% accuracy (+/- 8-10 PSI)

(°F) R410a R-22 e R22@ 220 psig (+/- 10 PSI @2%)
105 339.6  210.8 — Low 105, high 111
106 344.4 213.8 +/- 3°F saturation
107 3493 2169 * R410a @ 359 psig (+/-8 psi @1%)
108 354.2 220.0 — Low 107, high 111

+/- 2° saturation

109 359.1 223.2

* Temp +/- 4°F
10°F max Uncertainty R22
8°F max Uncertainty 410a

110 364.1 226.4
111 369.1  229.6
112 374.2 232.8
113 379.4 236.1
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Condensing Temps Digital
0.5% accuracy (+/- 2.5 PSI)

(°F) R410a R-22 e R22@ 220 psig (+/- 2.5 PSI @0.5%)
105 339.6_ 210.8 — Low 107.5, high 109

106 3444 213.8 +/- <1°F saturation temp (calc)
107 3493 2169 * R410a @ 359 (+/- 2.5 PsI @0.5%)
108 354.2 220.0 — Low 108.5, high 110

+/- <0.5°F saturation temp (calc)

109 359.1 223.2

e Temp +/- 1.8°F
2.3-2.8° max Uncertainty for R22
or 410a

110 364.1 226.4
111 369.1  229.6
112 374.2 232.8
113 379.4 236.1
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Charging Accuracy

Is close enough good enough?

With Digital Gauges
Smaller uncertainty
Higher accuracy

Human factor is reduced or
eliminated -

Probability of correct charge
significantly increased.

Yiiw lechTools
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Allowed range as a function of
superheat and subcooling measured
uncertainty

Uncertainty in Adjusted Allowed Uncertainty in Adjusted Allowed
measured Superheat measured Subcooling
Superheat (target — measured) Subcooling (target — measured)
+00°F + 50 °F +00°F + 30 °F
+10°F +41°F +10°F +21°F
+20°F + 32 °F +20°F + 12 °F
+30°F + 23 °F +30°F +01°F
+40°F + 14 °F
+50°F + 05 °F

HVAC Energy Efficiency

Maintenance Study

Issued: December 29, 2010

By the Davis Energy Group and the WCEC (Western Cooling Efficiency Center)
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Digital does it better!

Allows trending & more complex functions
Higher accuracy reduces callbacks .
Calculates without human error e« 43t

16 1024

Stays in calibration
High reliability
Excellent repeatability
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Thick Film Pressure Transducers
eHigh chemical compatibility
eResistant to corrosion

eHigh linearity and low hysteresis
e\Wide temperature range

eHigh long term stability

® 0.5% full scale accuracy

e+/- 2.5 psi high and low side
eTemperature compensated

Yy lechTools



Charging the system

* The proper mass of refrigerant that allows the
system to operate at its optional state for
reliability, capacity and efficiency
— Verified by superheat and subcooling

— Weighing in the charge does not guarantee proper
operation |

Yiiw lechTools



Remember

Think clean
Look for the obvious
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Notes on Charge

e Systems come with
enough refrigerant for a
matched coil and typically
15’ of line set

* Length and lift can impact
charging requirements

e Consult manufacturer’s
instructions for line sets
over 50’

Yiiw lechTools



Weigh in is Best
sometimes
Correct Charge must be known!
Can be done all year

Airflow must be set prior to
evaluating charge

Must be evaluated under proper
conditions

— Must have proper indoor load

Check both the superheat Poes not guarantee proper
. operation:
and the subcooling!

Yiiw lechTools



The
Fixed
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AHRI Design Conditions

*80° indoor air dry bulb (DB)
*50% relative humidity (rH)
*95° outdoor air (ODA)

A typical A/C unit is engineered to
operate at optimal efficiency and rated
capacity under a single set of conditions.

m
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AHRI Design Conditions

67° Wet bulb (Wb)
95° outdoor air (ODA)

When close to design
12° Superheat
10° Subcooling




Table RD-2: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature) (continued)

Return Air Wet-Bulb Temperature (°F)
(T return, wb)

50 | 51 | 52| 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 68 | 69 | 70 | 71 | 72| 73 | 74 | 75 | 76

91| - - - - - - - - - - - - - | 6.1 81[10.3|12.2f14.1§15.9(17.8|19.7(21.5| 23.4| 25.2| 27.1(28.9| 30.8

92 | - - - - - - - - - - - - - | 54| 75|98 |11.7§13.5415.4(17.3|19.2( 21.1| 22.9| 24.8( 26.7 (28.5| 30.4

93 | - - - - - - - - - - - - - - | 68]92]|11.1413.0§14.9(16.8|18.7(20.6| 22.5| 24.4| 26.3( 28.2| 30.1
o4l = : 2 = : - 5 z = = < = _ ] 5291271410 1441468314821 2021200 412401259127 21297

5.6

9% | - - - - - - - - - - - - - - - | 75| 95)§11.4)13.4|15.3[17.3/19.2]|21.2(23.2| 25.1|27.1]|29.0

97 | - - - - - - - - - - - - - - - | 7.0( 89)10.9412.9|14.9|16.8| 18.8|20.8( 22.7| 24.7| 26.7| 28.7

EL‘ 98 | - - - - - - - - - - - - - - - | 64| 84)104)124]|14.4|16.4]|18.3|20.3(22.3(24.3|26.3]|28.3
;_: 99 | - - - - - - - - - - - - - - - | 58(79)99)11.9]|13.9(15.9/17.9]|19.9(21.9|24.0|26.0|28.0
‘E 100 | - - - - - - - - - - - - - - - | 53|73 93)114|13.4|154|17.5|19.5(21.5(23.6|25.6]27.7
qé' 101 - - - - - - - - - - - - - - - - | 6.8) 8.8 §10.9/12.9/15.0/17.0/19.1]21.1(23.2(25.3|27.3
ﬁ 102| - - - - - - - - - - - - - - - - | 6.2 8.3 §104|12.4|14.5|16.6|18.6/20.7(22.8(24.9|27.0
@ |103] - - - - - - - - - - - - - - - - | 5.7 7899 |11.9]|14.0/16.1|18.2[20.3(22.4|24.5]|26.7
g 104 | - - - - - - - - - - - - - - - - | 52 7293 |11.5]|13.6/15.7|17.8[19.9(22.1|124.2]|26.3
'3; 105| - - - - - - - - - - - - - - - - - | 67§88 (11.0/13.1(15.2|117.4]19.5(21.7(23.8|26.0
2 106 | - - - - - - - - - - - - - - - - - | 6283 (105/12.6(14.8/17.0/19.1]|21.3[23.5|25.7
§ 107 | - - - - - - - - - - - - - - - - - | 57§79 (10.0/12.2(14.4|16.6/18.7|21.0(23.2|25.4
S |108] - - - - - - - - - - - - - - - - - 5274 |95(|11.7(13.9|16.1)18.4|20.6(22.8|25.1
109 | - - - - - - - - - - - - - - - - - - §6.9]91(11.3/13.5|15.7(18.0(20.2|22.5]|24.7

11N = = = = - = = = = = = = = = = T = el A4 QA 11N 21111118117 AR11QQ1221124 4
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The Fixed Orifice System
(Piston)

Critically charged under all load conditions..__
Charged by total superheat method @ D

Has a target superheat which must be
calculated or derived

Varies in capacity with load conditions

Simple, but not as efficient at removing
heat and humidity under a varying load

Yiiw lechTools



The Fixed Orifice System

Evaporator driving
conditions is wet-bulb
or heat and humidity

COMPRESSOR

Superheated Vapor Seesaw

EVAPORATOR
Saturated Liquid

CONDENSER
Saturated Vapor

lSubcooIed liquid

Condenser driving
condition is outdoor
air temperature
(ODA)

Superheat and
subcooling change
with driving
conditions!

Yiiw lechTools



Charging by
Total Superheat (Fixed)

Superheat ED I E

B r{: .y
* Measure outdoor N SV
temperature (D/B)

e Measure indoor wet bulb

0..100%  wetbulb \

* Charge by total superheat : L |
method @ —H2— @

* Measure pressure and
temperature at condenser
inlet

Yiiw lechTools



At a constant indoor Wb as outdoor air temp increases,

superheat decreases

Table RD-2: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature)

Condenser Air Dry-Bulb Temperature (°F) (

Outdoor Air Driving Force

Return Air Wet-Bulb Temperature (°F)

(T return, wb)

50 | 51 | 62 |1 63 | 564 | 661 56 | 57 | 68 | 59 [ 60 | 61 | 62 [ 63 | 64 | 65 69 | 70 1 71 | 72 1 73 | 74 | 75 | 76
B5 1 881101]115112811421156]1711185/2001215]1231/246126212781294|310 3641377139014021415]14271439(450
56 | 86| 99 |11.2]126[14.0]154|16.8[18.2(19.7|21.2|22.7|24.2]125.7)|27.3| 28.9|30.5 359|37.2|385|39.7(41.0]42.2|434[446
57 |1 83| 9.6 11.0]12.3]13.7[15.1]16.5|17.9| 19.4|20.8] 22.3/ 23.8| 25.3|26.8 28.3| 29.9 35.3]136.7|38.0(39.2(40.5|41.7143.0|44.2
568 | 79 9.3 110.6]12.0/13.4]14.8|/16.2]17.6(19.0]|20.4]|21.9|23.3]24.8|26.3]|27.8|29.3 34.8136.1|37.5|38.7(40.0]41.3|42.5[43.7
59 | 75| 89 )10.2|11.6[/13.0]14.4|158[17.2(18.6]|20.0|214|22.9]243)|257|27.2|28.7 34.3)356|36.9/138.3(39.5140.8|42.1{43.3
60 |1 701 8419811121126]1401154(16.8]1821196]21.0]2241238]2521266]281 33.71351(364137.8139.114041416[429
61 ]165(79|93]10.7]12.1[13.5/149]16.3|17.7|19.1]20.5{21.9|23.3|24.7| 26.1|27.5 33.2134.6(35.9|37.3(38.6]39.9|41.2(424
62 | 60| 74 )88]102[11.7]13.11145[15.9(17.3|18.7|20.1|214]228)242]|255|27.0 327)341|354|36.8(38.1]39.4]40.7|42.0
63 | 53| 688397 [11.1]126|14.0[154(16.8|18.2|19.6|/20.9]22.3|236]|25.0/264 32.2)|33.6|34.9|36.3|37.7]39.0|40.3|41.6
64 - | 61)76|91]10.6)12.0|13.5[14.9(16.3|17.7]19.0/20.4]21.7)|23.1|24.4| 25.8 31.6133.0134.4|35.8(37.2]38.5|39.9{41.2
65 | - 5417018511001 11.5]11291143[158]117.1]185/19.9121.21225]123.8|252 31.1)1325(3391353136.7]38.1]39.4/40.8
66 - 63|78 93]10.8/12.3|13.8|15.2|16.6(18.0]119.3120.7|22.0|23.2|24.6 30.6(32.0(33.4(34.9(36.3|37.6]39.0{40.4
67 - - | 55| 71|87 (102)11.7[13.2|14.6(16.0|17.4| 18.8(20.1|21.4(22.7]| 241 30.1131.5(33.0|134.4(35.8|37.2| 38.6(39.9
68 | - - - |163]80(95]11.1]/126]|14.0(15.5|16.8|18.2(19.5]|20.8(22.1]|23.5 29.5|131.0(32.5|33.9(35.3|36.8|38.1[39.5
69 | - - - | 65]72)88]104(11.9|13.4|14.8(16.3|17.6]119.0|20.3|21.5|22.9 29.0(30.5(32.0(33.4(34.9|36.3|37.7| 39.1
70 - - - - 164181197 1112112711421157(17.01184119.71209122.3 285130.01315{33.0]13441359(37.31387
4! - - - - | 56|73|89]105(12.1113.6|15.0(/16.4]|17.8|19.1]20.3|21.7 28.0129.5(31.0|132.5(34.0| 35.4|36.9(38.3
72 - - - - - | 64(81]98(114]|129]|144(15.8(17.2|118.5(19.7|21.2 27.4(29.0(30.5(32.0(33.5|35.0|36.537.9
73 - - - - - | 56 73]90/(10.7]112.2]13.7[{15.2(16.6|17.9(19.2]| 20.6 26.9(28.5(30.0(31.5(33.1|34.6]36.0{37.5
74 - - - - - - 165182)99(11.5]13.1]1145(15.9|17.3[18.6]20.0 26.4128.0(29.5131.1(32.6]34.1|35.6(37.1
75 | - - - - - - 15617419211081124]1139(153116.7{18.0]1194 259127512911306{3221337]1352(36.7
76 - - - - - - - | 66]84(10.1(11.7)13.2|114.7|16.1]117.4| 18.9 254(27.0(28.6(30.1(31.7| 33.3]| 34.8( 36.3
474 - - - - - - - | 567]|75]93(11.0/125]|14.0(154]|16.8(18.3 24.9)26.5(28.1129.7(31.3]|32.8|34.4( 36.0
78 - - - - - - - - | 67]85]10.2(11.8]113.4|14.8]16.2|17.7 24.4126.0(27.6129.2(30.8|32.4|34.0(35.6
9 | - - - - - - - - | 59| 77]95(11.1(127|14.2[15.6|17.1 23.8(25.5(27.1|28.8(30.4|32.0|33.6/35.2
20 - - - - - - - - - 1691871104[1201135[150]166 2331250/2671283[2991316]332(348
81 - - - - - - - - - | 607997 |113|129]|14.3|16.0 22.8124.5(26.2|127.9(29.5|31.2|32.8(34.4
821 - - - - - - - - - | 52]71|89(106]|122(13.7|154 22.3(24.0(25.7|27.4(29.1|30.7|32.4| 34.0
83 | - - - - - - - - - - | 638299 |11.6(13.1]14.9 21.8123.5(25.2126.9(28.6]30.3|32.0(33.7
- Tl Tr i en fannlanmiaen eIt TSR T T O T T




At a constant ODA temperature as Wb increases
superheat increases

Table RD-2: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature)

Return Air Wet-Bulb Temperature (°F)

(T return, wb)

CondenseI Air 1ry-BuIb Temperature (°F)

- - -~ amnal sarl iaal 4aA 4

a= A

PR

~a o~

A A

~a A

A -

~An A~

A~

AL A

50 1 561 [ 62 1 63 | 54 [ 6561 56 | 57 | 68 | 59 | 60 | 61 | 62 | 63 | 64 [ 65 ] 66 | 67 [ 68 | 69 | 70 [ 71 | 72 | 73 1 74 | 75 | 76
B5 1 881101]11511281142]156]17.1{18512001215]231]/2461262]2781294131.0/32413381351(364[377]3901402]1415[42714391450
56 | 86| 99 |11.2]126[14.0]154)|16.8[18.2|119.7|21.2|227|24.2]125.7)27.3|28.9|30.5(31.8]33.2|346|35.9]37.2|1385]|39.7|41.0/42.2143.4]|446
57 |1 83| 9.6 [11.0]12.3]13.7|15.1|16.5]17.9(19.4|20.8]22.3]| 23.8(25.3|26.8(28.3|29.9| 31.3|32.6[34.0| 35.3|36.7]|38.0| 39.2|40.5(41.7| 43.0| 44.2
568 | 79 9.3 1106]12.0{13.4]14.8|116.2[17.6(19.0(20.4]21.9]23.3|24.8]|26.3|27.8|29.3|/30.7|32.1|33.5(34.8|36.1|37.5|38.7|40.0(41.3]42.5|43.7
59 | 75| 89 ]10.2]11.6[13.0]14.4|158[17.2|18.6|20.0|214|22.9[24.3]257|27.2|28.7(30.1]31.5|329[34.3]|35.6/36.9|38.3|39.5[/40.8]42.1]143.3
60 | 70(18419811121126]140]154(16.8/11821196121.0/1224123812521266]1281/2961310]324[3371351]|364]378|391[404]1416]429
61 ]65(79]93]10.7]12.1|13.5/14.9]16.3|17.7| 19.1]20.5[21.9|23.3|24.7(26.1|27.5/29.0| 30.4 | 31.8| 33.2|34.6/35.9| 37.3|38.6(39.9|41.2|42.4
62 | 60|74 )88]102[11.7]13.1]1145[159|17.3(18.7]20.11214[1228]242|255|27.0/1284]299)31.3[32.7|34.1]1354|36.8|38.1/39.4]140.7|42.0
63 | 53| 688397 [11.1]126|140(154|16.8|18.2|196|20.9(22.3|236|25.0|26.4(27.8]29.3|30.7|32.2]|33.6/349|36.3|37.7[39.0]40.3]41.6
64 - | 61) 76| 9.1/[106]12.0|13.5[14.9(16.3|17.7]19.0/20.4]21.7)|23.1|24.4|25.8(27.3]28.7|30.2|31.6]33.0)34.4]| 35.8| 37.2|38.5]39.9]41.2
65 | - | 541701851100]11.5]12911431158[17.1118.5/19.9121.212251238|252/26712821297[311]1325]339]|353|36.7{38.1]394140.8
66 - 63|78 93]10.8/12.3|13.8|15.2|16.6(18.0]119.3|20.7|22.0|23.2|24.6(/26.1|27.6]|29.1]|30.6(32.0(33.4(34.9(36.3| 37.6]39.0{40.4
67 - - | 55| 71|87 (102)11.7|13.2|14.6(16.0|17.4| 18.8(20.1|21.4[22.7|124.1|125.6(27.1128.6|30.1|31.5|133.0| 34.4| 35.8(37.2| 38.6| 39.9
68 | - - - |163]|80(95]11.1]1126]|14.0]115.5(16.8]118.2(19.5(20.8(22.1]|23.5|25.0|126.5|28.0|29.5(31.0/32.5(33.9|35.3|36.8(38.1|39.5
69 | - - - | 55|72)|88]104(11.9|13.4(14.8(16.3|17.6]|19.0]20.3|21.5|22.9(24.4|26.0127.5|29.0(30.5[32.0(33.4|34.9|36.3|37.7| 39.1
70 - - - - 164181197 1112112711421157{1701184119.71209/122.312391254127.01285130.0/315]133.0{3441359]37.3(387
4! - - - - | 56|73(89]105(12.1]13.6|15.0{16.4]17.8]19.1|20.3|21.7]23.3|24.9(26.4|28.0|129.5(31.0|32.5(34.0| 35.4|36.9(38.3
72 - - - - - | 64(81]98(11.4|129]|14.4|15.8(17.2|118.5(19.7|121.2|22.8|24.3(25.9(27.4129.0{30.5|32.0|33.5(35.0|36.5|37.9
73 - - - - - | 56(|73]90/(10.7|12.2|13.7|15.2(16.6|17.9( 19.2| 20.6| 22.2| 23.8(25.4|26.9|28.5|30.0| 31.5|33.1( 34.6| 36.0| 37.5
ﬂ = = 2 = = = 0.9 ”m .o 1.1 lwmﬁﬂo U U 21.0] &9.&4 cﬁmmﬂa ST 9.0 Qg.l YO0 Ir.
75 | - - - - - - 15617419211081124]11391153116.7(18011941211[22712431259/2751291[306]1322]1337[352]36
“ - - - - - - - 0.r1.‘f LA} L Iv.2| I=.7 10,1 r.< Iﬂ UV <. | 40.8 ad=s 4.V LB.O SU.TT O | Y999 M B
474 - - - - - - - | 57]|75]93(11.0{125]|14.0(154|16.8(18.3]120.0|21.6(23.2|24.9|26.5(28.1129.7(31.3|32.8|34.4(36.0
78 - - - - - - - - | 67]85(10.2(11.8113.4|14.8|16.2(17.7]19.4|121.1|22.7|24.4)|126.0(127.6]| 29.2(30.8| 32.4| 34.0( 35.6
9 | - - - - - - - - | 59|77]|95(11.1(127|14.2(15.6|17.1]118.8(20.5(22.2|23.8|25.5(27.1]|28.8(30.4(32.0|33.6|35.2
20 - - - - - - - - - 169187110411201135[1150]1166/183[2001217|233[1250]267]12831299(316]1332]348
81 - - - - - - - - - | 60| 79|97 |11.3|129]|14.3]16.0{17.7119.4]121.1[22.8|124.5|26.2|27.9(29.5|31.2|32.8(34.4
821 - - - - - - - - - | 52]71|89(106|12.2(13.7|154|17.2118.9(20.6|22.3|124.0|25.7|27.4|29.1(30.7| 32.4| 34.0
83 | - - - - - - - - - - |1 63]|82|99([11.6(13.1]14.9|16.6(18.4]|20.1121.8(23.5|25.2(26.9]|28.6|30.3(32.0|33.7
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When is the Charge Correct?

* When the actual superheat and the target
superheat agree

* There will be some subcooling
— How much?
— Who knows? - as little as 3 as much as 30

Remember a fixed orifice system is only
evaluated for charge by the total
superheat of the system.

Yiiw lechTools



Yiiw lechTools



Thermal Expansion Valve

™
—
Critically charged at full load \_/
Charged verified by condenser subcooling o
Maintains a constant superheat (8-122 typical) r?ﬁ]

Maintains capacity under a wide range of load
conditions

Better rH removal under a wide range of loads

Capable of maintaining a constant suction pressure
independent of ODA temp.

If installed properly, as reliable as a fixed orifice
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Probe Positioning

Superheat and subcooling are

measured at access ports TXV

Measure
subcooling

Liquid (High side)

Valve

Fixed

Measure total
superheat

Suction (Low side)
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TXV
Systems

1. Find required subcooling
from equipment tag

2. Charge directly by
subcooling to required
level

3. Verify P/T and
evaporator superheat




Subcooling Notes

The metering device needs to see 4 to 6° of
subcooling immediately before its inlet to
minimize flash gas.

Flash Gas:

— Lowers system efficiency
— Lowers capacity (decrease in mass flow)
— Can damage the metering device

— Temperature drop in the liquid line can
indicate problems

— Install a sight glass right before the metering
device if desired
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Subcooling and Approach
Relationship

Approach = liquid line temp — ambient (82)
Subcooling = condenser saturation temp — liquid line temp (99)
Condensing temp over ambient (split) = (179)

Condenser Saturation temperature (11092)

Liquid line temperature (1012)
Temperature

Ambient Temperature (939)
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Effect of blocking Air-Flow Across

500+ —200 .

" Condenser on Subcooling i
450 —130
400 : - —160
350 140

Liquid Pressure

300 120
- Ff Liquid Temp 1 g

= B o W T

=R Subcooling 3

100- -40

50 v J Superheat = 20
0

T T T T T T T |
11:45:00 11:50:00 11:55:00 12:00:00 12:05:00 12:10:00 12:15:00 12:20:00 12:25:00 12:30:00
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Real-Time Superheat & Subcooling

Dual temperature inputs

Direct display of superheat and
subcooling

Calculated for 33 refrigerants
including R22 and 410a

See what is happening not what
happened

See minimum (min) maximum
(max) and mean (Mean)
readings during charging

Yiiw lechTools



Verify Both Sides!

*Temperatures
*Pressures

*Coil temperatures
*Superheat
*Subcooling

One side can lie about
performance!
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Verify Temperature Split

Split assures that there that the
airflow and the refrigerant
charged are proportional.

— Verifies proper operation
— Proper rH removal
— Optimal performance 'y

W v
e —— L‘
\

-

Yiiw lechTools




Evaporator Temperature Drop
20°22??

Evaparator.temperature-drop
varies with the R/A humidity

It can be 16-24 degrees with
ease!l
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Split at ARl Design Conditions

2005 Residential ACM Manual Page RD-9

Table RD-3: Target Temperature Split (Return Dry-Bulb — Supply Dry-Bulb)

Return Air Wet-Bulb (°F) (T return, wb)
50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 67 J 68 | 69 | 70 | 71 | 72| 73 | 74 | 75 | 76
70 | 20.9]20.7120.6/120.4| 20.1|119.9(19.5(19.1(18.7[18.2| 17.7| 17.2| 16.5( 15.9| 15.2| 14.4] 13.7 §12.84J11.9|11.0] 10.0| 90| 79| 68 | 57| 45| 3.2
71 121.4]121.3121.1120.9|20.7|120.4| 20.1(19.7( 19.3[ 18.8] 18.3| 17.7|17.1| 16.4| 15.7| 15.0| 14.2 §J13.4125|11.5|106| 95| 85| 74 | 6.2 | 50 | 3.8
72 121.9]21.8|21.7({21.5121.2(20.9120.6(20.2| 19.8| 19.3| 18.8| 18.2| 17.6( 17.0)| 16.3| 15.5| 14.7 §13.9313.0{12.1| 11.1{10.1| 9.0 79| 6.8 | 56 | 4.3
73 |225]224122.2122.0|21.8]121.5(21.2(20.8(/20.3[19.9]194|18.8|18.2(17.5(16.8| 16.1| 15.3 §j14.4]13.6|12.6|11.7|10.6| 96| 85| 73| 6.1 | 4.8
74 123.0122.9]|22.8(22.6122.3(22.0121.7(21.3] 209|204 19.9]19.3| 18.7({ 18.1| 17.4( 16.6| 15.8 §15.0414.1| 13.2| 12.2(11.2|10.1| 90| 78 | 66 | 54
75 |1 23.6]23.5|23.3(23.1122.9(22.6122.2(21.9|121.4|21.0/ 204|199/ 19.3| 18.6| 17.9(17.2| 16.4 §15.5014.7| 13.7| 12.7|11.7| 10.7| 95| 84 | 7.2 | 59
76 124.1124.0123.9(23.7|123.4(23.1122.8(22.4|22.0|121.5/21.0{204| 19.8(/ 19.2| 18.5(17.7| 16.9416.1§15.2| 14.3| 13.3[ 12.3| 11.2({10.1| 89 | 7.7 | 6.5

Return Air Dry—Bulb (°F) (T return, ab)

77 | - [24.6]24.4)242|124.0(23.7|23.3122.9|122.5(22.0|121.5(21.0(20.4| 19.7|119.0| 18.3( 17.5J16.6415.7| 14.8| 13.8| 12.8| 11.7[{ 10.6]| 95| 83 | 7.0
78 | - - - 124.7(1245(24.2|123.9123.5/23.1(22.6|22.1(21.5(20.9|20.2| 19.5| 18.8( 18.0 §17.2§16.3|15.4| 14.4| 13.4| 12.3( 11.2|10.0| 88 | 7.6
79| - - - - - |124.8(24.4(24.0|123.6|23.1|22.6/122.1|21.4(20.8]20.1119.3| 18.5§17.7]16.8|15.9( 14.9| 13.9| 12.8| 11.7( 10.6| 9.4 | 8.1
80 | - - - - - - |25.0(24.6|24.2|23.7(23.2|122.6|122.0/21.3([20.6|19.9| 19.1 j18.3}17.4| 16.4( 15.5| 14.4| 13.4| 12.3( 11.1| 9.9 | 8.7
81 - - - - - - - |25.1(24.7(24.2]123.7(23.1(1 225/ 2191 21.2|20.4| 19.6 }18.817.9|17.0( 16.0| 15.0| 13.9| 12.8| 11.7( 104 9.2
82| - - - - - - - - 125.2(24.8]124.2]|23.7(23.1(22.4121.7|121.0| 20.2 §19.3§18.5( 17.5| 16.6( 15.5| 14.5[ 13.4| 12.2|11.0| 9.7
83 | - - - - - - - - - 125.3|124.8]|24.2|23.6(23.0(22.3|121.5|20.7 §J19.9419.0( 18.1] 17.1| 16.1| 15.0{ 13.9] 12.7| 11.5] 10.3
84 | - - - - - - - - - 125.9|25.3|124.8124.2({23.5(22.8|22.1|121.3J20.4419.5(18.6]|17.6| 16.6( 15.6( 14.4| 13.3| 12.1]10.8

Yiiw lechTools




Split at Typical Operating Conditions

2005 Residential ACM Manual Page RD-9

Table RD-3: Target Temperature Split (Return Dry-Bulb — Supply Dry-Bulb)

Return Air Wet-Bulb (°F) (T return, wb)
50 | 51 | 52| 53|54 |55|56 |57 |58 (59]|60|61|62]63|64([65|66|67|68]|69]|70
70 |20.9|20.7|20.6|20.4|20.1|19.9[19.5[19.1[ 18.7| 182 17.7[ 17.2)|16.5| 15.9| 15.2| 14.4| 13.7| 12.8| 11.9| 11.0 10.0
71 | 21.4|21.3|21.1|20.9|20.7(20.4[20.1 [ 19.7( 19.3| 18.8| 18.3[ 17.7|17.1| 16.4| 15.7| 15.0| 14.2| 13.4| 12.5| 11.5| 10.6
72 | 21.9|21.8|21.7| 215 21.2| 20.9[ 20,6 [ 20.2( 19.8| 19.3| 18.8 18.2]17.6] 17.0( 16.3| 15.5| 14.7| 13.9] 13.0| 12.1| 11.1

A%_ 73 [225(22.4]22.2|122.0121.8(21.5(21.2120.8/120.3(19.9| 19.4| 18.8|18.2J17.5|16.8| 16.1| 15.3| 14.4| 13.6|12.6]| 11.7

§ 74 123.0(22.9]22.8|22.6|22.3(22.0(21.7121.3|20.9(20.4| 19.9| 19.3|18.7]18.1|17.4| 16.6| 15.8| 15.0| 14.1| 13.2]| 12.2

E 75 |23.6(23.5(23.3]123.1|122.9]22.6|22.2(21.9/21.4|21.0(20.4( 19.919.3]18.6|17.9(17.2(16.4|15.5|14.7|13.7| 12.7

€ 76 |24.1(24.0(23.9]123.7|23.4123.1]|22.8(22.4(22.0|121.5(21.0( 20.4 §19.8]19.2| 18.5|17.7( 16.9( 16.1] 15.2| 14.3| 13.3| 12.3| 11.2|10.1| 89 | 7.7 | 6.5

§ 77 | - |24.6(24.4|242|124.0123.7|23.3(22.9(225|22.0(21.5(21.0420.4}19.7|19.0| 18.3(17.5(16.6] 15.7| 14.8| 13.8| 12.8| 11.7|10.6| 9.5 83 | 7.0

oé‘ 78| - - - |124.71245(24.2]123.9123.5/23.1(22.6|22.1|21.56§20.9120.2| 19.5|18.8( 18.0| 17.2| 16.3|15.4| 14.4| 13.4| 12.3[ 11.2| 10.0| 88 | 7.6

E 791 - - - - - |124.8(24.4(24.0|123.6]|23.1|22.6|122.121.4]20.8|20.1119.3|18.5(17.7[ 16.8|15.9( 14.9| 13.9| 12.8| 11.7[ 10.6| 9.4 | 8.1

g 80 | - - - - - - |25.0(24.6124.2|23.7(23.2|1 22.6J22.0§21.3(20.6|19.9|1 19.1| 18.3[ 17.4| 16.4( 15.5| 14.4| 13.4| 12.3( 11.1| 9.9 | 8.7

& 81 - - - - - - - |251(24.7|24.2(23.7| 23.1]22.5§21.9(21.2|204| 19.6| 18.8( 17.9| 17.0[ 16.0] 15.0| 13.9] 12.8( 11.7[ 10.4] 9.2
82 | - - - - - - - - [25.224.8(24.2|23.7123.1]22.4|21.7(21.0]|20.2| 19.3| 18.5(17.5| 16.6( 15.5| 14.5| 13.4| 12.2[ 11.0| 9.7
83| - - - - - - - - - [25.3]124.8(24.2|23.6]23.0|122.3|121.5(20.7|19.9|19.0| 18.1| 17.1| 16.1[ 15.0{ 13.9] 12.7| 11.5( 10.3
84 | - - - - - - - - - [25.9]125.3(24.824.2]123.5|122.8(122.1(21.3|20.4|19.5|18.6| 17.6| 16.6( 15.6| 144 13.3|12.1( 10.8
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TruTech Recommended Tools

Testo 5XX series manifold or Digi-Cool AK900
Testo 605-H2 Psychrometer (for Wet bulb)

Testo 416 or Fieldpiece STA-2 (for airflow)

Testo 318-V Video scope for inspections
Testo 510 for static pressure

[ Static pressure test kit

[ Troubleshooting guides
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Contact Us

Terms and Conditions Events

Social Media

Manufacturers My Account

TruTech Tools (TM) FREE Webinars

Blower Doors

Testo Meters and Instruments
Bacharach

Flir

Fluke Products

Extech Instruments

Laser Distance Meters

Build Your Own Kits

Thermal lmaging Cameras
Combustion Analysis / Gas Leaks
Duct Blaster / Duct Leakage Testers

Energy Auditing / Building
Performance

Specials, USED & Demo Equipment
A/C and Refrigeration

Airflow Measurement
Volts/Amps/Power Quality
Training Educational Products
Amprobe Products

Carbon Monoxide Alarms and

Home > Training/Educational Products
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TruTech Tools proudly presents TruTech Training!
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Thank you
for your time and attention!

For a copy of the slides or link to a recorded session
go to: www.TruTechTools.com/webinars then go to the appropriate tab

Download our Free Guides
http://www.trutechtools.com/RefrigerantCharging

See more videos from TruTech:

Lasc UC}J| coo2UllLauull lcou IU, 'JI U'JCI Iy Lcoun IH nn bplllaHl’:, HcaL cAaciial IHCI CAL
testing specific appliances.

www.youtube.com/user/jimbergmann3

Attend this wehinar to learn more about combustion analyzers and maximize t

CO ntact us: you and your organization.
Bill Spohn, Co-Owner: Bill@TruTechTools.com For a RECORDED session click LEEE] “/
Jim Bergmann, Co-Owner: Jim2@TruTechTools.com For a copy of the session slides click HERE.?

Eric Preston, Sales Manager: Eric@TruTechTools.com

Bill Sutherland, Calibrations: William@TruTechTools.com

www.TruTechTools.com 888-224-3437

Making measurement science work!
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