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A Few Very Useful Relationships

QBtu/Hr = 500 xF. Iowgpm X(tEntering,"F _tLeaving,°F )

Where:

Qg = Load in Btu/hr

500 = Units conversion constant, good for water between 30 and 200°F
Flow,,, = Flow through the heat exchanger in gallons per minute
tenteringoF = 1emperature entering the heat exchanger in °F

t

. . [o]
LeavingoF = 1emperature leaaving the heat exchanger in °F

QBTu per hour — 1.08 x FIOWCubic Feet per Minute X (Temper'atur'e In,°F Temperatur'e Out, °F )

Where:
a1y per hour = Sensible energy change in the air stream

1.08 = Unit conversion constant for dry air at 70°F
Flowgypic Feet per minste = The flow rate for the current operating mode based on TAB data

(Temper'ature In, o — lemperature . OF) = Heat exchanger temperature difference



A Few Very Useful Relationships

Q... = 0.68xFlowx(w,, . -w,_, )

Where:

Q... = Latent load in Btu/hr

0.68 = Units conversion constant

Flow = Air flow in cubic feet per minute

(wmmg - wLeavmg) = Humidity ratio change across the process in grains of water per pound of dry air.

Note that there are 7,000 grains per pound

QBTu per hour — 4.5x FlowCubic Feet per Minute X (Entha/py In, Btu per pound — Entha/py Out, Btu per pound )
Where:
a1y per hour = Total energy change in the air stream

4.5 = Unit conversion constant for dry air at 70°F
Flowgybic feet per minute = The flow rate for the current operating mode based on TAB data

(Entha/py In, Btu per pound — EMENAIPY 04t b1y per pound) = Heat exchanger enthalpy difference



A Few Very Useful Relationships

_ [ Flow x Static
Air ‘( 6,356 ]

Where:
hp,,. = The energy represented by the mass of air in motion at an elevated pressure
Flow = Flow produced by the fan in cfm
Static = Static produced by the fan in inches water column
6,356 = A units conversion constant that will work for air

at the temperatures and pressures typically encountered

in HVAC systems for up to about 2,000 - 3,000 feet in altitude.



A Few Very Useful Relationships

I _ Flow x Head
Pwater 3,960 x Effl'C"enC)/Pump

Where:
hPyaer = The energy represented by the mass of water in motion at an elevated pressure
Flow = Flow produced by the pump in gpm
Head = Head produced by the pump in feet water column
3,960 = A units conversion constant that will work for water
at the temperatures and pressures typically encountered
in HYAC systems.
Efficiencyp,,,, = Pump efficiency, read from the pump curve or

estimated from past experience; .40 - .70 for small
(under 500 gpm) pumps, .70 - .85 for large pumps



A Few Very Useful Relationships

LW — [ F/owgpm x Head,, , . ] L 0.746
3,960 x 77Pump *Mmotor * lvsp
Where:
kW = Input to the system to produce the flow and head.
0.746 = Horsepower to kW conversion constant.
Toump = Pump efficiency. We usually try to get this number from the pump curve or from the pump's rated brake

horse power (bhp), flow and head. Lacking that, we will make a geometrically similar pump selection (same

flow rate, head, impeller diameter, and speed) using manufacturer's software and use that efficiency. Lacking
that is is reasonable to assume that for a pump rated for 300 gpm or less the efficiency might be in the range
of 45-60%. For pumps rated between 300 gpm and 1,500 gpm, efficiencys might range from 60% to 75%.

For pumps over 1,500 gpm, efficiencies might range from 75% to as high as 87%. Generally, efficiency will
improve with pump size.



A Few Very Useful Relationships

KW < [ Flow,,, xHeady, ,, . J 0746
3' 960 x 77Pump *Motor * Mysp
Where:
kW = TInput to the system to produce the flow and head.
0.746 = Horsepower to kW conversion constant.
Totor = Motor efficiency. We usually try to get the motor performance curve and select the efficiency from the

curve for the bhp that the pump impeller is extracting from it. If we can't get the motor curve, we use a

similar motor selected from MotorMaster'™ International. In all cases we adjust the efficiency for the
motor operating point vs. using the motor's rated nameplate efficiency. Lacking anything else, it is reasonable
to assume that the motor efficiency will improve by 1-2% over the nameplate efficiency when the pump is at
65-85% of its rated load, drop back to near nameplate efficiency at around 50% load, and then drop sharply
towards O at 20-30% of rated load.



A Few Very Useful Relationships

W F/owgpm x Head,
3,960 x Mpump ™ TMotor * "Tysp

ftw.c. ] «0.746

Where:

kW = TInput to the system to produce the flow and head.

0.746 = Horsepower to kW conversion constant.

ysp = Variable speed drive efficiency. Where possible, we try to get the manufacturer's data for this. But this data

is difficult to obtain and not consistent in its development. Lacking manufacture specific data, we use generic
data as published by the Department of Energy on their Industrial Best Practices web site. Lacking any other
source, it is reasonable to assume there will be at least 4-6% loss in the drive with it at full speed with a
gradual decay to 80% efficiency at about 20% load.



Heading
Out to
the Field




Setting the Scene




Getting Around in SketchUp




Situational Awareness




What is the Approximate Load on the
Plant?



What is the Approximate Load on the
Plat? “‘Plan A”

's Carry Your Tons

Model CVHF 0570
Serial Number L071

Electrical Characteristics
Rated Voltage: 460 Volts 60Hz 3PH

Nameplate NMKW: 309.20
Voltage Utilization Range: 414 - 506 VAC
Mmum Circuit Ampacity: 517
Um Overcuirrent Protective Device: 800
Primary RLA: e

General Characteristics
Refrigerant system to be fleld charged with 1050 b of R-123
Maximum Refrigerant Pressure

Hi Side 15 psig Lo Side 15 psig
Factory Test Pressure

HiSide 45psig  LoSide 45psig

Fleld Leak Test Pressure 8 psig Mex.

Product Description
FCLT-LAX RIS
MoD ORSZ790
NTO-570 TESTAR
CNIF-ADPV TTOLAR
INDP-NO EVWP- FrST.NY?
G -UAFD M OPMM-PLY
a0 CDBSS0  (iCvEs
M CRFG-R123

CcL-STP DTH28
EMOJ-T-480 VF-NO
CPKw'aoo cEW'Pq?-
cPIM-Z73 CDWN-10

gvsz-080L




What is the Approximate Load on the
Plant? “Plan A’

kWFuI/Load =309
TonsFullLoad =570

eEg!me

Model CVHF 0570
| Serial Number LOTG03608
Blectrical

Chamcisistics
Fated Vokage: 460
Vols  sOH: 3R

(kw/Ton)_ =054 R

General Crarscierslos
‘isfrigennt system to ba fekd charged Wi 080 b of 123
Fsfrigerant Working Pressus.
HiSide 15palg  LoSie 15psg
[oat Pressurs.
Sie ABpalg  LoSue 43peg

Product Description.

TSSO
| FELTAAX EVBS T COFP-TRS
NTo-5T0 o

TESTAR
MEPHO
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What is the Approximate Load on the
Plant? “Plan A’

kWFuI/Load =309
TonsFullLoad =570

(kw/Ton) =054




What is the Approximate Load on the
Plant? “Plan A’

kWFuI/Load =309
TonsFullLoad =570

(kw/Ton) =054

Primary FLA: 408 Amps
General Crarscierslos
Tons =348 :
Hi Side 15 pulg Lo Side 15 pslg
Factory Tos! Pressirs
HiSie 4Bpag  LoSile 45peg
[Fielel Lisak Toat Prossurs B palg Mac.
Product Description
| LT Toprs




What is the Approximate Load on the
Plant? "Plan A’

kWFu/ILoad =309

To nsFullLoad =570

(kW / Ton)
Tons = 348

FullLoad

=0.54
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What is the Approximate Load on the
Plant? “Plan B”

QBtu/Hr‘ = 500 xF /owgpm ><(.‘(:Enter'ingﬁF _tLeaving,°F )




What is the Approximate Load on the
Plant? “Plan B”

QBtu/Hr' = 500 xF /Ongm ><(.‘(:Enter'ingﬁF _tLeaving,°F )
Qaeusir = D00 x1,100x(49.2-42.0)
Qaey/pe = 3,960,000 Btu/hr




What is the Approximate Load on the
Plant? “Plan B”

QBtu/Hr' = 500 xF /owgpm ><(tEnteringﬁF _tLeaving,"F )
Qaeusrr = D00 x1,100x(49.2-42.0)
QBtu/Hr' = 3,960,000 BTU/hr'

There are 12,000 Btu/hr/ton
Qs = 330 Tons




What Would You Expect the Load to Be
on the Plant?




What Would You Expect the Load to Be
on the Plant?




What Would You Expect the Load to Be
on the Plant?




What Would You Expect the Load to Be
on the Plant?

COOLING COIL SCHEDULE
Coslimg Coil Uit or System Served Flow, cfm |  Meociowsm | Rows |  Minisvam % Waoterside Performance
imateae Fins per Inch Foce Area, Entering Air A Foce Presauwe | Enfering Water | Leoving Weter | Flow Rave,| Presswe | Toss
L. .47, | Dry bulb, °F | Wet bulb, °F | Dey bulb, °F | Wet bulb, °F | Velocity, fpm | Drop, inw.c. | Temperature, °F | Temperature, °F|  gom | Drop, fime|
-] AU - Hutel Lobloy e Administration | 26,000 8 6 520 810 638 510 505 433 0563 420 56.0 1410 [73 822
Lo B 2 s L8 888 g8 224 02 S0 082 420 sS40 ey 2o G rad
o3 8 6 300 802 635 517 511 %00 074 420 540 887 92 443
o4 | 9 6 300 903 676 522 316 500 053 420 540 1208 21 604
o] 8 6 566 90.3 676 528 520 500 076 420 540 2218 69 |109
océ 8 6 56.6 903 676 528 520 472 0.70 420 540 2218 69 1109
| CCT | 8 6 200 813 650 539 333 500 073 420 540 579 34 290
ocs 8 6 130 827 645 50.9 504 406 056 420 540 439 78 219
oo 8 6 230 827 645 518 512 479 0.70 420 540 7 93 369
oc 8 & 380 885 676 515 510 396 056 420 540 1572 92 786
VL | 8 3 164 837 67.6 £07 579 410 033 420 540 425 98 22
ocentl | Ty [T 3 14 720 60.0 494 490 214 015 420 486 27 35 [V
_coene | L 3 14 720 600 512 505 285 022 420 494 28 37 09
ccens | Ty 14 3 22 720 600 504 498 27 021 420 504 41 87 id
|_CCEa04 M 3 i4 720 600 512 505 285 022 420 494 28 37 09
| CCO05 | U 3 32 720 600 512 504 313 026 420 503 63 &9 o2
_ COOLING TOWER SCHEDULE
Cosling Tomer | Unit oo Sywdem Served Type Model Pominal | Flow, |  Entering Leaving Approach | Rating Wet Bulb | Alrflow,|  Fon Sound | Lift, | Efficiency | Hest Brjection R
|__bhmber | Temperatwre, °F | Temperature, °F | Temperature, °F | Temparature, °F 50 | Powsr, JBA | ftc | gpavhe Bra/te | Phage
|___CV-3 | Condenser Waber | Tndwoed Dreft, Croas Flow | HCBA0PAS1-620 850 121 729 24 7l 23] 132 % 3
£v-2 Comdenser Water | Indyoed Dreft, Croas Flow | HNCJ0FPASI-420 | 250 5.0 121 729 7i 23 | 132 | 3

F




What Would You Expect the Load to Be

on the Plant?
VOUOLING bUIJL. @bﬁl

Flow, efm | Maximum | Rows | Minimum
Fins per Inch Face Area, Entering Air Leaing

sq.ft. Dry bulb, °F | Wet bulb, °F wmﬁ‘F Wet buils
26,000 8 6 52.0 81.0 63.8 51.0 505
20,000 9 6 40.0 86.6 66.1 51.4 509
15,000 8 6 30.0 80.2 635 51.7 581
15,000 9 6 30.0 %0.3 67.6 522 516
28,300 8 6 56.6 %0.3 67.6 528 520
28,300 8 6 56.6 0.3 67.6 52.8 520
10,000 8 6 20.0 81.3 65.0 539 533
6,500 8 6 13.0 82.7 64.5 509 504
11,500 8 6 23.0 82.7 645 51.8 5i.2
19,000 8 6 38.0 88.5 67.6 51.5 51.0
8,200 8 3 16.4 83.7 67.6 60.7 578
300 14 3 1.4 720 60.0 494 490
400 14 3 1.4 720 60.0 5i.2 50.5
600 14 3 2.2 720 600 504 498
400 14 3 14 720 600 5iL.2 505
1,000 14 3 3.2 720 60.0 5i.2 504




Are There Potential Opportunities at the
Loads Served by the Plant?

I:l Yes
D No



Does the Piping Configuration Match the
Design Intent System Diagram?

I:l Yes
D No



Does the Piping Configuration Match the
Design Intent System Diagram?

Design Intent System Diagram




Could the Difference in Piping
Configuration Be Important?

I:l Yes
I:l No



What is the Position of the CHWP-2
Hand-Off-Auto (HOA) Selector Switch?



Are There Scheduling Opportunities on
This Site?

I:l Yes
D No



What is the Operating Status of the VFDs
Serving the Distribution Pumps?




Are there Set Point Optimization
Opportunities on This Site?

I:l Yes
I:l No



What is the Position of the Throttling
Valve on the Chiller Evaporator Pumps?



What is the Position of the Throttling
Valve on the Distribution Pumps?



Are There Potential Chilled Water Pump
Optimization Opportunities in This Plant?

I:l Yes
D No



|s It Possible to Estimate the Potential
Savings There in the Field?

I:l Yes
I:l No



Is the Chilled Water System a Closed or
Open System?



What is the Status of the Make-up Water
Valve for the Chilled Water System?



What is the Status of the Make-up Water
Valve for the Chilled Water System?



Is There a Non-energy Benefit (NEB)
Associated with the Make-up State?

I:l Yes
D No



Is There a Non-energy Benefit (NEB)
Associated with the Make-up State?

I:l Yes
D No



Are the Chillers Identical?

D Yes
I:l No



Would You Expect the Chiller Run Hours
to be Similar or Different?



Is There a Difference In the Number of
Starts Each Chiller Has?

I:l Yes
I:l No



Do You Think There Are Opportunities
Related to Optimizing Chiller Staging?

I:l Yes
D No



Does the Piping Configuration Play Into
This?

I:l Yes
D No



Have All of the Pumps Been Aligned After
Installation”?

I:l Yes
D No



Are There Opportunities Associated with
Aligning the Pumps?

I:l Yes
D No



What Would You Expect the CW System
At To Be Under Current Conditions?



Does the Actual Condenser Water
System At Match Your Expectations?

I:l Yes
D No



Are There Potential CW Pump
Optimization Opportunities in This Plant?

I:l Yes
D No



The Bottom
Line So Far

Central Chilled Water Plant Pr
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inary Findings List
Finding or Opportunity

The discharge valves are throttled on the evaporator pumps.

The discharge valves are throttled on the distribution pumps.

. The shot feeder valves are open.

. Evaporator pump CHWP2 is in Hand

Both distribution pumps are running under a condition when one pump could handle the
load.

. It may be possible to leverage the 2/3 rule and reduce distribution pump head at part

load instead of maintaining a fixed pressure at the headers.

CHWP-3 VFD is in Hand and set for 100%, dead heading the other pump.

. CHWP-3 and 4 appear to have not been aligned in the field and have not had their

bases grouted.

. The make up line to the CHW system is open. A closed system should not require

continuous make-up and keeping the valve open risks water damage if a pipe failed.

The piping configuration does not match the design intent system diagram.

. The piping configuration as installed does not allow the full benefit of the chiller

selection and staging strategy envisioned by the designer. This is related to item 9
above.

The chillers appear to be staged for equal run time instead of for the apparent design
intent (see item 10 above).

The condenser water pump serving chiller 1 may be running out its curve with out the
pump associated with chiller 2 in operation.

. The plant has in the range of 300 tons of load on it when other indicators would

suggest that there should be little if any load.

The current distribution pump selections seem to be farily low efficiency compared to
what might be possible. Estimating the water horse power from the nameplate data
comes out at 27, which is significantly below the 40 hp motor.

Obvious Indicator 8
g
%)
O
L
&
3
2
<
The triple duty valves are not fully open (around 40%). 5 35
40-42
The triple duty valves are not fully open (around 40%). r
3,36
The shot feeder is piped across one of the distribution pumps, thus has a
large differential pressure across it and the service valves are open. 19, 20
The position of the Hand-Off-Auto (HOA) selector switch.
33
The estimated load condition on the chiller along with pump physics 9-15,
knowledge 34,37,
43
The current operating pressure relative fo nameplate and an estimate of
. 19, 34,
the part load pressure drop to a remote mechanical room. 38
Indications on the VFD control panel, knowledge of pump physics, puddle o
of water under the pump seal. 58 ’
Factory paint still on the hold down bolts and shims, no grout in the frame
37,38,
(compare these pumps to CHWP-1 and 2).
31,32
23-Jan
Field verifying the system diagram af ter noticing a potential conflict 18 25
between the schematic and the piping plan on the contract documents. éé ’
CH-2 has hot gas bypass and a VFD, which implies it has better turn-down 9-15,
capability and a part load kW/ton sweet spot, making it the machine 18,29,
intended for low load by itself and part load when CH-1 is on at full load. 30
The number of run hours for both machines are roughly equivalent but CH-
1 has many, many more starts because when it is the lead machine at low | 12, 15
load, it short cycles since it has no hot gas bypass or VFD.
Using Q=500xgpmxAt and a heat balance based on the chilled water £.0.52
load, the compressor kW and the observed CW At suggests the ‘ 1‘8 ‘
condenser flow is in the 2,300 - 2,400 gpm range vs. the 1,650 design
Load estimated from the evaporator flow and At or the chiller nameplate = 9.12.
data; requirements estimated based on the ambient conditions and the 18, 30,
coil schedule on the plans and logic. Leads to opportunities at the loads. 31
Knowledge of pump physics and some application experience.
37,38
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Non-resource Benefit

Cleaner

Safer

Comfort

Productivity

Performance

Potential low cost/no cost



