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Enthalpy and Sensor Accuracy

Assumptions
Given Condition - 720 °F
- 40% RH
Pressure - 147 psi

Enthalpy with perfect measurements
Enthalpy = 2455 Btu/lb
Enthalpy based on a perfect humidty sensor and a temperature sensor that is accurate to +/- 1°F
Error band - 1.0 °F, +/-
Maximum possible temperature - 730 °F
Minimum possible temperature - 710 °F
Maximum possible enthalpy - 25.0 Btu/Ib
Minimum possible enthalpy - 24.1 Btu/Ib
Enthalpy based on a perfect temperature sensor and a humidty sensor that is accurate to +/- 3%
Error band - 3% +/-
Maximum possible humidity - 43%
Minimum possible humidity - 37%
Maximum possible enthalpy - 25.1 Btu/lb
Minimum possible enthalpy - 24.0 Btu/lb
Enthalpy based on a temperature sensor that is accurate to +/- 1°F and a humidty sensor that is accurate to +/- 3%
RH sensor error band - 3% +/-
Maximum possible humidity - 43%
Minimum possible humidity - 37%
Temperature sensor error band - 10 °F,+/-
Maximum possible temperature - 730 °F

Minimum possible temperature - 710 °F
Maximum possible enthalpy - 25.6 Btu/lb
Minimum possible enthalpy - 23.5 Btu/lb

TAB 14-3 - ENTHALPY vS. OA DRYBULB ECONOMIZER LIMITS



ALTITUDE: 6 FEET
BAR! .
A

o
2 RN =0 o, - . - o i o o do1d
g N N ~K N > N N N N ~ ~ N
N 5 NN AN /NSRS NN RN
ENTHALPY S ap N N RN > N N N N N X N 0\2‘0,
HUMIDITY RATIO ™~ Aw R N N < < N N N < N AN N
%, AN N N AN N > AN o~ N A AN h h N
N N N o N N ~ N
NN o - — - < N EREvA Rt
AN oo ANSA N SMAGS] N o S %
. N S ~ S ~ N e ~ N L ~ N ~ h S 018
AN N AN N o N N h N ~ N > N N
N N ~ N N ~ N N N N N N N N
R N AR N . S N N N AN N ~ N ~ >
S N N N N — - 017
) SUERNERNERN N AN SR T~ 7 /"
N N N N N N ~ ~ N N N
X R N Y AV S PACS RN SR AN N > 016
] [ ] N N N N N N N N N N ~ N N N N
N
N NN \\\ N AN A h N N N N AN N N N ~
N N N N N N\ N > N > N - 0154
N N N ~ . N R N R N ~ N R N ~ R < N N N S
2 AN N N . N N2 N
S N o N N ~ N h N N o AN N N N > h N N
AN AN AN N N N Vo ~ A =< N y PURN %
N N N N ~ 65/ N N N N R N N ~ N N
N N N N ~ N N N N N
N N N N N N ~ N L ~ N N N
N R N N N 0134
N N ~ N ~ N N N N K N
< N S ~ AN N N > > N AN N N N o N N AN
N ~ N ~ N o ~ N Y, - N ) N N ~ N A N N
v N N N N < N N N N
A Y NN N RN — A - 0124
((OQ‘ S N N N S N N N N . N . N . . R
& NN < 60 N N < /N NANEAR Sl o
S . NUERNENEEN ~ S o 01
N N N N,
Weather Data Location: L N N AN SO N N N S RN AN N
SAN_FRANCISCO_INTL_AP, CALIFORNIA, USA & NN SO NN A NN D N Z/0n
D ™ AN ™ N N ~ > ) N o h AN N o™
Weather Hours @/\ 7s LN 00 NN N NP EN b S AN <o R . AZ k™
41t01 VQA AR N PN S - N N — N —— 9%.009]
821042 * N RN N AR .S S w0 N e NIEIRN
1231083 S N NI N e N S g 3 Ny NN NP 2N T
16410 124 : . o ° 2 N 1008
208 10 168 Accuracy Envelope; +/- 1°F and +/- 3% sensors, &8\ N AR ST
o . S . o o
24610206 » & 68°F and 55% outside S Accuracy Envelope; +/- 1°F and +/- 3% sensors,
N ~ N N ~ o ©
32810288 NN N \ 45 DRSS BN e 72°F and 40% space
3910329 N AN NN p ~_~Space Conditio RN AN NN 2006
N N S NN \\rgé Z g N N N 8 AN R N \\8 i
N N Y N
SRR NN O D S d N > L pa< .
AN NN ARE S e
N o
N N \\\ N N N . < <\ X N AN N \\.5 N '&}\\
R R R . S R & > N > 2 ~ 1 ..004-
N N >
R N R N 30 N YONNAD z
AN AN N J o S . S ANE SN \E/\/Q\\
N N N . N N K N N = NS o3
oo . .25 NCRe g 3
N 20 N N N N ~
NN 15> > S - £ SPENG s L3 002
N
, R S < 2 N < N N \)),‘ — »
~ N N N N N o N N ~ x
N v 8 o< |~ N N Sl ISR N ANO o "
<5 ; > s SR N N N N < N
=) g ~o o~ Sol 0 5 BN N9 1| o \ SN 8 - 8 & %
Q o <) x——’(__\—FN\ \mr’Tm N <[\ <L B b N3 N > - \\\—‘ S\ -
Chart by: AKTON PSYCHROMETRICS, wwiw.aktonassoc.com o >
' ENTHALPY - BTU PER POUND OF DRY AIR

TAB 14-3 - ENTHALPY VS. OA DRYBULB ECONOMIZER LIMITS



ALTITUDE: 6 FEET

BAROMETRIC PRESSURE: 29.915 in. HG

ATMOSPHERIC PRESSURE: 14.693 psia
10

© 10

08

0008 SENSIBLE HEAT __

TOTALHEAT — Qt 2000

)

N
N
N
N
N
N N
N
2 35
% g %\
N
O,
S
N
N N
§ o N
ENTHALPY S ap S
HUMIDITY RATIO  — Aw N N
\\
N
<
N %
%
&
<
S
R

Weather Data Location: L

SAN_FRANCISCO_INTL_AP, CALIFORNIA, USA (&

Weather Hours @’\0 75 QN Z %
41101 A’ NN NN NN . N . N B0
821042 & RIS AN ; "> NN AN NS < NN
1231083 Q/é\\z\ N AN ST & . N Outside Condition N ,{;3\9 S LG ] goo

¢ N
16410124 : . ° 9 > S > 008
208 10 168 Accuracy Envelope; +/- 1°F and +/- 3% sensors, &3 S N 4N IV NI N NIE
N N
. . o
24610206 AL 68°F and 55% outside Accuracy Envelope; +/- 1°F and +/- 3% sensors,
o N N .
32810268 NN \ NPT ). ONZANCAN NN 72°F and 40% space
N vy | -
36910 329 N D NN N~ ~_~Space Condition ANIVALNEAN RN ARRVI N
N N N N
N \\ LN \40 b N & O RN N AN RN ~ \8/\
AN SN SRS 2 R P N s > 005 R
SO0 D VN X < N N N ST o XXR
N S s N 35 S o N > g N
N N N N N N B N N N ) ~ <
S N b N N & X N N < ~ = NP
AN 20 N “ N T . 2~ R
N N N N N N E\,\\J\\‘\\D\\ \E/\/é\\
RN RN 5 0, ¢ N N NN WNEN P ST NS s
N N N 25 = N N \\\ N N \ NNIENE 5—-0034
N \\ 20 > \\ S, \\ b ™ N N \\ /\ / N \E > (I){\
N S < 3, pS 2 N o N N &% N N = N 0024
KL S o R - T NN [ R
N 10 N S hS N N N ><
N < N - AN N S N 10/\/\ S L— N )\/‘\ o S \ \\/‘%;i_’_;\ 0\0}
Nl 7. < < <0913
-5 o — S NN = N N . [~ R 2}’ AN ‘ol\ o Yol W
2 e — e SR g 8 g 208 N8 8N 8L e S8 s AN AN\ & 8
0 s <0 <5

0 by
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

TAB 14-3 - ENTHALPY vVS. OA DRYBULB ECONOMIZER LIMITS

ENTHALPY - BTU PER POUND OF DRY AIR



Differential Enthalpy
The “Gold Standard”

Direct measurement and Is your humidity measurement
comparison of the energy content  accurate:

of the outdoor air stream vs. the Maybe ...

return air stream

« (Good news:

« Measuring temperature to
+/-1°F or better is common
and persistent

Deviation from
Actual Relative Humidity (%)

Measuring humidity P00 % % 4 % o 0w
peI’SiStentIy and aCCl_,Irately Actual Relative Humidity (%)
IS not SO easy
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Differential Enthalpy
The “Gold Standard”

Direct measurement and
comparison of the energy content
of the outdoor air stream vs. the
return air stream

« (Good news:

« Measuring temperature to
+/-1°F or better is common
and persistent

Measuring humidity
persistently and accurately
IS not SO easy

Is your humidity measurement
accurate:

Maybe ... or maybe not

)

Deviation from
Actual Relative Humidity (%

20 30 40 50 60 70 80

Actual Relative Humidity (%)
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Other Alternatives
Outdoor air Dry Bulb Temperature

Good News

 Eliminates moisture sensors » Does not consider latent
effects and loads

« Uses a more stable, persistent « Only considers outdoor air,
measurement technology thus makes an assumption
about what is going on in the
building
« Uses just one sensor Have to know where the
Sensor is
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Not Perfect, But Pretty Good when Cost and
Persistence are Considered

For more information, see Economizer High Limit Devices
and Why Enthalpy Economizers Don't Work at
nttp://tinyurl.com/Steve TaylorsArticle (November 2010

ASHRAE Journal)
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