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Learning Objectives

» Explain high level operating principles of fiber optic temperature measurement techniques

» Understand currently used and new techniques to determine average and local air-side heat transfer
coefficients

> Understand of the different measurement methods that can be used for
refrigerant and oil charge measurements

v" In-depth understanding of the charge measurement method used in ASHRAE
RP-1785

v' Comparison of existing charge measurement methods

» Explain the relationship between the measured capacity and the void fraction

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation. 2
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Objectives

= Goal
. Provide accurate data for oil retention and refrigerant charge for 3-ton coils

= Round Tube Plate Fin Heat Exchangers = Residential Split Systems
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Refrigerant Charge Data Needed

» Charge balance for switching AC & HP mode - maintain optimal performance?

Air Conditioning Mode Heat Pump Mode

Indoor (Cooling) Outdoor (Heating) Indoor (Heating) Outdoor (Cooling)




Oil Retention Data Needed

= How much oil needs to be pre-charged to ensure reliable operation?

Oil Migration in Heat Pump

Oil Accumulation at Low Ref. Flowrates
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Some Examples of Charge Measurement Methods

Sampling Measurement Technique

Online Weighting Technique Online Transient Technique (Mix and Sample)

Oil retention in Coil= @ — @ ( Ref.+oil in Coil ) ( Residual oil

in Coil )
@ X Solvent
S coil |- .
Oil Injection Oil Extraction|| tem |
Flexible Heat Pump, cooler, 3
i [ Ref.+oll
couplings Exchanm f||t-er, meter, : Valve
Ref. [-ger pipes, etc. | | v L

Oil Injection  Qil Extraction

f Ref.out Sampling Oil
Ref. | Heat Pump, cooler, il Concentration
5 Exchan filter, meter,

-ger pipes, etc.

Counter
balance

Heating Residual Oil
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Comparison of The methods

Online Weighting Online Transient Sampling Measurement
Technique Technique Technique
Oil Injection Oil Extraction N
b 4 >
. Pump, E:
Schematic I reat bl cooler filter, i
:1’ : ] xC anH meter,
“ger pipes, etc.
v' FAST
v EAST * No disassembling the test v MORE ACCURATE

section
* No recovering of the
refrigerant after each test

* No sampling process Using isolated sample

v LIMITED ACCURACY
* Injection and extraction
induce transient behavior v SLOW

v" NO SEPARATION
* Between oil and
refrigerant

of the system e Multi Sampling process is
_ v" LIMITED ACCURACY Y . piing p
. Extraction efficiency needed
*  Fan thrust, connection . . .
) varies with operating
lines ..
conditions



RP1785 Method

= REMOVE ‘N WEIGH technique
= Quickly close inlet and exit shut-off (“sampling”)

= Operating Mode (steady-state) = Charge Sampling Mode

Psychrometric
“~ Chamber e

DMMSZ)

it RHXCTY
“/
% <
@ 1®
131}
R
=

1) Removable Heat exchanger Charge Test Module @ (Motorized fast ball valves)
2) Differential Mass Measurement Scale 10




Differential Mass Measurement Scale (DMMS)

1st. Leveling the lever with counter balance

2", Measure differential mass using the load cell [ Tension load J
cell

"

echanical stops
to prevent load

Lt 2 cell overload |
: i 5 5 |
L) H -
= : steel pivot lever a. =
ﬂ ! /"’ e ﬂ
W i cable 2
S E ! 2
- = ! s
EE | %3
3 i Removable = 3
= 1 2
o7 ! heat exchanger =2
-+ . i =3
= ° [ charge test g5
e | (RHXCT) g2
w = 1 o o
- 5 module :
é é Mechanical é
stop for no .
load case Oil Separator \ /'
_




Measurement Steps

Steps 15t 2nd

DMMS? DMMS?

RHXCT
Contents DRY RHXCT +
DRY RHXCT Oil +
Refrigerant +
Execution = Before Operation = After Operation

Measurement = Weigh the evacuated = Quickly close inlet
Methods RHXCT and exit

3rd

DMMS?

DRY RHXCT +
Oil!)

= After Refrigerant
Evacuation

» Evacuate refrigerant
only (with oil
separator)

1) Refrigerant dissolved in the oil is negligible if evacuated to 10,000 microns or less

2) Differential Mass Measurement Scale
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Charge Calculation

DMMS DMMS DMMS

DRY RHXCT? DRY RHXCT?
Refrigerant Mass = | + Qil + — | DRY RHXCT? | — +
Refrigerant oil?

DMMS DMMS

DRY RHXCT?

Oil Mass = | 4 oi[2) — | DRY RHXCT?

1) Refrigerant dissolved in the oil negligible if evacuated to 10,000 microns or less

2) Removable Heat exchanger Charge Test Module 13



RP 1785 Charge Measurement Method Benefits

= Comparison = Benefits
Accuracy
. SIMPLE - No complicated
 Sampling RP1785%Y mixing step needed

HIGH ACCURACY -
Sampling method

Online
Transient . .
Oil and refrigerant
—=——Speed v ETeRMINGD
weighting SEPARATELY

FASTER than sampling
technique- Refrigerant
setup in standby mode

1) Differential mass evacuation sampling technique
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Test Matrix

= Providing different Outdoor coil/Indoor coil volume ratios

= Coil information = 5 different indoor/outdoor coil combination

IC2
Indoor IC1
i il Sine fin Indoor coil
coils (IC) / /// Smooth tube Outdoor coil/Indoor coil
17.

ratioV)
IC1? IC2?
-
89%.” 4 212% oc1 160% 89%
\ 101%% \\
182%\ Outdoor coil OC2 182% 101%
N\
\
Outdoor b .o pexas 0OC3 N.A 212%
coils (OC) s 2row ' 0
oo | | 4834 e s | Louver fin
48"30 o o [ 2o s o | Rifledtube 1) The internal volume of outdoor coil / the
<ol | 2row oo :e internal volume of indoor coil
T . oo 2) Two slabs used in the calculation, to reflect
oo EE oo actual product applications (e.g. A-coils)
.o - Ll
[ X ]

oc1 oc2 oc3 15



Current Status

= Aduct for IC1lis completed
» CFD results informed the design of the duct

= CFD results?Y = |C1 Duct
Airflow CFD Velocity contour Velocity contour
Uniformity? Modeling on the coil at the side view Test section

0.22 2

cd Il —
Baselinz L . ' E
036 [ = ’~*

(164%) |\O LL;—_\JJ

0.53
(241%)

0.31
(141%) 1) See Lee(2018) for details: OC3 is employed in CFD
2) Standard deviation of velocity on the coil [m/s]
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Prototype of Differential Mass Measurement Scale (DMMS)

= Specifications

Value Note
endoscopic

webcam \
Heat exchanger

Total mass range 5~40kg )

Electromagnet
(Overload Protection)

Expected charge load | 1~275¢g -

Load cell limit 5009 -

Counter

Balance Exchanger

Load cell accuracy 0.1g 0.02% for 5009
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Differential Mass Measurement Scale (DMMS) Accuracy

Accuracy: 4g or 37% whichever is lower

400

350

w
o
o

250

200

150

Measured Mass (g)

=
o
o

50

e Measured (g)

100 150 200 250 300
Known Mass Added (g)

Measured for 5.2kg “RHXCT” weight
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Conclusion

» RP1785 is the differential mass evacuation
sampling method that take advantages of
two existing charge measurement methods

» Since sampling measurement technique is
employed in RP1785, it is reliable and
accurate.

» RP1785 method is relatively fast and simple
because there is no complicated sample
measurement procedure

19



» Complete Oil and Refrigerant setups

> Calibrate instrumentation

» Tests to confirm repeatability and accuracy
of differential mass measurement scale (DMMS)

20
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Thank you for your attention!



Questions?

Abraham Lee

Abraham.lee@okstate.edu
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RHXCTY (Connected)

Quick disconnect available

Isometric view

Latch Clamps & Align pins

1) Removable Heat exchanger Charge Test Module

25




RHXCTY (Disconnected)

» The differential mass obtained by removing RHXCT

Connected Disconnected

1) Removable Heat exchanger Charge Test Module 26




Online Transient Method

= The injection and extraction flow rates becomes steady approximately at time t2

=  From time t2 to time t3, the average difference between the oil mas injected and
the oil mass extracted from the refrigerant loop resulted in the oil mass that was
held up in the microchannel condenser plus all connecting pipelines between the
condenser and the oil separators. This mass is referred to as Ma in Figure 1(a).

Maﬂ, retention — Ma — MEJ

2500 0 :injection start 20 1400 20
1 :observed extraction

-3 : Oil mass @ -
2-3 : steady state condition sy } 1200 }
2000 3 - o0
. 15 8 15 8
g 1000 e
- : = 3
R t2 = 22 800 S
w - w w v
: Y Ut
600
= 1000 _ f c = c
o S ) , L
® 400 ts
PR B 5 & - s §
500 ' £ £
! ‘ = 200 ' =
(o) - o)
0 ' 0 0 0
0 10 20 30 40 S0 0 10 20 30 40 50
time [min) time [min)
(a) (b)

Figure 1: Oil retention measurement at inlet (a) and at outlet (b) of the test section

(Image credit: Dr. Yatim) 27



Sampling Method

m .

= oil
mﬂif + mmfvenr
M, gotal — 1 msafvem,mm.!
]
Charge port Ball valve
T ey
—r M Transparent
8all valve wbe
Mixing tank
Section connection
Transparent \_,/
tube
Ball valve
Sampling
cylinder
e
Section connection
Ball velvex
N/
Gear pump

(Image credit: Dr. Jin) Figure 2. 6 Mix and sample device (MSD) 28




Schematic Diagram of Duct

Air sampler tree®

Mesh 15 Removable Heat exchanger
Charge Test module(RHXCT)?

Psychrometer?

Turning
vanes

Straighteners

Window

Mesh 1:5)

Pressure tabs?78)

1) ASHRAE STANDARDA41.2: Distance from mesh to mesh

2) ASHRAE STANDARD37: 1.5x(Duct width x Duct height)*2=25", Distance from mesh to coil

3) ASHRAE STANDARDA41.2: 0.5x(Duct width x Duct height)2=8.4”", Distance from coil to pressure tab

4) ASHRAE STANDARDA41.2(1986) Figurel5: Distance from coil to air sampling tree

5) ASHRAE STANDARDA41.2: open area 50~60% are suggested.

6) ASHRAE STANDARDA41.1: Air sampling device design reference

7) ASHRAE STANDARDA41.2: static pressure tabs

8) ASHRAE STANDARD37: connection for pressure tabs 29




Duct for Indoor Coill Complete

Air sampler inside Removable Heat exchanger
Charge Test module dummy

: - Straighteners
Turning : L ‘ inside

vanes

Window
. 5
8 Pressure tabs®79) nside




Ref. + Oil loops

Qil conditioning loop

Superheating and oil
- separation system

Refrigerant conditioning loop

m A J Steam
Condenser Genermtor

—

Trim Heater &
evaporstar

Gear pump

Shut off valve &
evacuation port Corioli= m as= fimwmeter
Hand operated shut off // 3 way alve
Refrigerant Removable heat exchanger
Recovery charge test (RHXCT) module 9 Serun actuated vahse

Electronic expansion valve

Pressure and temperature measurem ent

Refrigerant senvice port

Port RTPF HX
Coalescent ™™ .
oil sepamtor @

(Image credit: Dr. Bach andﬁ. Bradshaw) %

Rotolock disconnect

G § E@sl;f@@

Instrumentation disconnedt,
ring nut for hookup to scale

[1Ed]
©



Experimental facility: New Large Scale Climate Control Psychrometric

Chamber (2007 to 2010; slide credit: Dr.Cremaschi)

Outdoor room Indoor;oom Open cut out of the chamber

L

Cremaschi

Mezzanine and heavy duty
gantry crane

. . Product flow in/out doof
¢ 20 tons of refrigeration
e The outdoor room: -40°F to 130°F
e The indoor room: 55°F to 130°F

Section of the Indoor room
Indoor and outdoor rooms



Psychrometric Chamber

Side View Front View
— | | Control damper | Control damper |
ﬂ [ ‘ ]

| Cooling Coils | Cooling Coils __

Nozzle

I | fff@ A — Blower il Blower
| Pk _ [ = ] T
. - < ] ‘ . e
A I - i - Heater |
:> | y | yl y ‘
| | L
™ Humidifier = ' Humidifier —
Setup 7 \
|:| Chamber |:| Flow measurement
:::::::' Conditioning loop

1) Max.capacity: 15tons(52.7kW), Max. airflow rate(8000cfm) 33



Test Conditions

Table 7: Condenser Mode Test Conditions (1785-TRP's Table 1)

Con den;v::::ig:jdl?:endent Indoor Coil (HP) Outdoor Ceil (AC)
Airflow CFM As required As required
Inlet Superheat (R) 30-60 30-60
Liquid temperature (°F) 90-100 100-110
Refrigerant Flow Ib/hr 100, 300, 400 150, 350, 500
Air Inlet Temperature(s) (°F) 70/60 95/75

Table 8: Evaporator Mode Test Conditions (1785-TRP's Table 2)

Evapm‘i:::i:ll:::mlde nt Indoor Coil (AC) Outdoor Coil (HP)
Airflow CFM As required As required
Reference liquid temperature (°F) 100-110 90-100
Outlet superheat (R) 5-20 5-20
Refrigerant Flow Ib/hr 150, 350, 500 100, 300, 400
Air Inlet Temperature(s) (°F) 80 47

(Image credit: Dr. Bach and Dr. Bradshaw)
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