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Ch. 10 Ventilation Control &
Quantification of Performance
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On/Off Control

SRkl
Proportional control

7~ F
Integral control

s |
Derivative control

Pl ~ PD ~ PID #+#

| 3%

Simple, Less accurate, Overshoot

The rate at which the controlled parameter is delivered
IS proportional to the difference between the reference
Input and the controlled output.

This applies correction in proportion to the size of the
error.

Limits small long-term offsets from set-points. Acts to
Integrate error over time and bring the average error to
Zero.

This applies correction in proportion to the integral of
the error.

DC is used when a rapid response is desired. The time
derivate of error determines the magnitude of the
response. DC is useful to prevent sudden large
departures of the controlled variable from the setpoint.
This applies correction in proportion to the rate of
change of the error.
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10.2. Duty Factors, staged fan systems using single speed fans

B4 % sueh Duty Factor (1 1844 ) %% 5 2 & enT 35k € 5 (m/s)
K/éf M13% 6 SLiig < b B K Vave
Duty Factor = —
Vn+a
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Table 10-1. Outdoor air temperatures corresponding to n
thermostat setpoinis and n + 1 ventilation stages

Yentilation Rate

Thermostat . . _ . . 54
Setpoint Vi Vo V3 .ee ¥V Vin+l b g
SF (tg)y,1 {12 T
£ L. (o2 (o3
L SP3 (1o )3,3
Sk, (to) nn  (Eoln, n+1

to = [—qpmd + (Z UA+ FP + mcp> ti] /(Z UA+ FP + mc,) ...(10-1)

.(10-2
Qproa = a + bt; + ct;? (10-2)



.7 * N10-135 5 2 Qg 2 210-260- 22 %72 & F (a, b, ) #R10-3
toeh— oz =N K f2E ot (5810-4) 0 Ror NI0-h T E ¢,
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ct®+(b=HLF=mCp) t; + (a+ HLF t, + mCyt,) = 0 109
. ~(b—HLF -mc) ~J(b—HLF —mc,)? - 4c(a + HLFt, + mc,t,) o
| 2C

o —ct;? — (b —HLF —mC,)t; —a .(105)

HLF + m(C,



10-3. Ventilating Efficiency Ratio & the Cost of Ventilation

)k’bﬁ“~bb P& j\ﬁ/*sﬁmEERBb/},%l{—y“"

1 COP (coefficient of performance) = 3.4153 EER
COP to EER | COP (coefficient of performance) to EER (unitsconverters.com)

VER:(m%of air delivery)/(kW of electricity)
s _ (87600rs/yrj(max_capacity)(duty factor)(unit_elect cost)

I {F et

Ventilating Efficiency Ratio

.
Duty Factor = —==

Vn+1

Ex.10-1 3% - ch €5 5.0 m¥/s b 5 F- EFadkiva & B3R
b % VER 5 8 m¥/s-kW- T % 5 0.11 US$/kWh & =z few
(duty factor) 0.6

Sol: cost = 8760 *5.5* 0.6 * 0.11 / 8 = 397.49 US$ /yr


https://www.unitsconverters.com/en/Cop-To-Eer/Utu-4742-4755#:~:text=COP%20to%20EER%20The%20formula%20used%20to%20convert,Measurement%20is%20one%20of%20the%20most%20fundamental%20concepts.
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Ventilating rate :
m = (5.3 m3/s)*(1.02 kg/m3) = 5.41 kg/s

—ct;? — (b —HLF —mC,)t; —a

t. =
? HLF + mC,

Gy, = 164,600 — 2473 t — 42.4 t2

=g+bt+ct?







Duty Factor =12.3/21 =0.59

Cost=8760*21*059*0.1 / 9 =$1206. or
1206/150 = $8 per cow per year




10-5. Program DUTYFACT

air pressure = 101.325 exp(-0.00011943 z) - 6.799 x 10°z—6.976 x 108 72
z:inm air pressure: in kPa

Ex. 10-3
€ % Dutyfact €t AL B3R SIAAR B4o™ & 0 Gt B b s A o
/3 1500 m

LIFE R £ Rypw it40% R R
Stage 1:2.9*1.4=4.06 2 4
Stage2:4*1.4=56->5.3
Stage 3:4+5.3=93-2>95
Stage 4: 21
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—ct;? — (b —HLF —mC,)t; —a

t, =

HLF + mC,
zzte;:;g:’tié Ventilation Rate, m3/s
t. 2.85 3.99 5.35 9.35 21.21
9 -27.46  -18.93
13 -12.19 -6.69
17 -0.34 6.44

21 12.00 16.83



Ex. 10-2, 10-3 +* %

* S HIAER ER TLEAPIT 0 A& 2 W & VER

* EX.10-2 B3k VER =9 EX.10-3:F * #-] b 5% % & » VER B %
* FARH S H R R g 3 4 $2244.84 lyear ~ $15 /cowlyear

» Cost for Ex.10-2 is $8 / cow/year



Cost is $2892.51/year = $19.28 / cow/year
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Ex. 10-4

st Ex.10-2 en% 5 g i

HER ey

A

s BFAMNEAEL AT

» A
o Jri& ﬁy\‘g‘ R T_E 12 A ;EE(?"*’” 20 B

£ 300 US$ > 774 7 2

TR L



10-6. Quantifying Environment Control Effectiveness

Acceptable Weather Space (AWS) @ % 8K % 7 34 » PSP g ~ B & = 7]
Production Space (PS) : # 4 ¥ 45 it ¥ & i cf ~ B R F

Climate Space (CS) : &4 7 13 /& g ~ i8R # 7

Environment-Control Effectiveness Index (EEI)

d, = O _UA+ FP +mc )t —t,) (10-12)
mp — m(\Ni _WO) ...(10-12)
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Production Space

PS: 1,2,3=2%

oljel Aplwny
ones Aupiwny

olies Aupiwny

15 25
dry-buib temperature dry-bulb temperature

WEL: ¥ PS B PP chB 2% @ EEl: £ AWS B RAFR chR 2 i % i

Acceptable Weather Space

AWS © 1’a,2’b, 3’3

dry-bulb temperature
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10-6.1. Program WEATHER

Weather.dat p 7 /% & (-30~35°C) » ;& & (0~100%)
£ 66 x 1014 4 & #cdh

S I k) N

DOS < : weaplot i %8

eBAR

o s ) (zip) DOSHR
« AHEBREFHKHIES in Matlab (zip)

Matlab %< : TaiWWeather #c §2

22


http://140.112.183.23/cea/cea_software.htm

10-6.2. Example use of WEATHER

Ex. 10-5
ot 9-4# it chft &
) 550 kg m;f L4

4ok fe

B EIE &

PR 1 300 mefie &
£ UA gFP @ A ]
5 ~25°C » 30~ 80%RH’ 7
8,12, 16 ¢2 20°C ot

Had iz 2 L2 5628p35E
40 &3 105W/K %é_z‘;F'&(PS)p
5 1.16,1.74,2.88,4.24 ¥28.96 m3/s » ;&
R e T ‘P(Dutyfactor>075)

o B

.—‘

THE SUITABILITY INDEX IS: 0.7363 <<{{{=—am==== EEl =0.7363
AHMIMALS: dairy
Number : &2
Weight, lkg: C oSS, O
BUILDING: elevation, m: : 300.0
UAa value, W/K: S40.0
FF ovalue, W/K: C 105, 0
FRODUCTION SPACE: Upper Temp, C: 25.0
Lower Temp, C: 5.0
Upper RH, %z 8.0
Lower RH, %: 0.0
VENTILATION: S Stages
Stages, mE/s: 1.1& 1.74 2.88 4.249 B.9&
Set Points., C: 8. 00 12,00 15,00 20 00

WEATHER DATA FILE:

OTHER DATA FILE:

CHANGED DATA FILE:

WEATHER. DAT
WEASFACE. DAT 73
WEASFACE. DAT



For comparison, the EEI was recomputed using slightly different ventilation
stages: 1.8, 2.5, 3.5, 5.3, and 8.8 m3/s, but with all other data the same. The
resulting EEI is 0.7731 and the output graph is in Figure 10-12. With this
change, even though the barn cannot hold temperature within the PS when it is
colder than - 14 C outdoors, (compared to - 21 C in the base case) the EEI is
approximately four percentage points better. This consists of a yearly equivalent
of 322 hrs (= (0.7731 - 0.7363)8760 hrs/year) additional time in the PS, because
the relative humidity criteria are satisfied at lower outdoor temperatures.

EEI =0.7363 EEI=0.771

ACCEFTABLE WEATHER SPACE SUE REGION COORDIMATES

Stage 1 upper left: ~21.02 O 0o

upper rights: =14.49 Q.00

lower right: ~1&6.40 O O

lower lett: —-20.95 0. 00

Stage 2 upper left: —10.44 81.4&9

upper right: ~-4.74 88.%9&

lower right: =4 . &5 [l ]

lower left: =10, 39 O, O

Stage 3 ~ upper lefi: Q.70 100000
upper right: &0 g8.85

lower rights & 0T 1.17

lawer left: Q.77 0. 00

Stage 4 upper left: 8.80 676

upper rightsz 13.8& F1.74

lower right: 13.93 17.54

lower left: 8.8é& 16,10

Stage 3 upper left: 14.88 87.05

upper right: 22,465 B83.35

lower right: 22.68 Z25.74

laower left: - 14,91 2&H.06




Matlab %< : TaiWWeather #r §2
FlE 8 74~

Fig. la Popup window of ‘TaiWeather’software

) Tatwan Weathes .IEI'E

Select location: ITM ﬂ

Lower T (deg.C): | 20

Upper T (degCl [ 30

Lower RH (%) | E5
Upper RH %] 85
Prob. of occunence

[Taipei], Range T
N - -
[T aipei), Range RH
I - -
[Taipei], A ange T&RH
I -
Hourly 2D plot | Hourly 3D plot
Monthly T&RH | Seasonal T&R
Monthly Rad. Hottest day
Sunshine his | Save Defaults

WED plot Quit | About
| Last updated: 2003/6/1 |

) Taiwan Weathes _Il:llzl

Select location: |-|- aipei ;I

Prob. of

[Taipel], Range T
I ~ -
[Taipei]. Hange RH
R - -
[Taipei], Range T&RH
B ~ -
Hourly 2D plot | Hourly 3D plot
Monthly T&RH | Seasonal T&R
Monthly Rad. Hottest day
Sunshine hrs | Save Defaults
WED plat Quit | About
| Last updated: 2003/6/1 |

Fig. 1b Popup window shows available weather
stations.


http://140.112.183.23/ebook/2004-%E8%BE%B2%E6%A5%AD%E6%B0%A3%E8%B1%A1.pdf

) Probability of T & RH occumrence (2D plot) = =10| x|

Taipei's Probability of T and RH

100
a0
80
70+
# eo}
=
._E
E A0t
T
< 40t Sum of probabilty of all points = 100%
o
Sl o 005-01
| c015-02
20 3: 0.20-0.25
o 025-03
10F 5030-035
o= 0.35
u 1 | 1 | [|

0 5 10 158 20 25 30 35 40
Temperature, deqg.C
Fig. 2 Hourly 2D plot of ‘Taipei’with defined T range within 20 to 30 °C and defined RH range
within 65 to 85 %.



} Monthly average Figure |

Tainan's monthly average T and RH
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Fig. 4a Monthly temperature and relative humidity of ‘Tainan’.

Rel. Humidity, %

) Monthly average Figure 2 ..-Jﬂ.l _El
Hualien's monthly average T and RH
100 -
90 -
80 - 24 4, &
1 Mg #
70¢ 12
B0 -
5O+
40+
30 1: January,...,12: December
m 1 1 1 | |
0 5 10 15 20 25 30 35 40

Temperature, deg.C

Fig. 4b Monthly daily average T and RH of ‘Hualien’.



) Monthly average Figure 2

Hualien's monthly DAYtime T and RH
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Fig. 4c Monthly daytime and nighttime T and RH of ‘Hualien".

J Monthly average Figure 3

Tzainan's monthly DAYtime T and RH
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Temperature, deg.C —_—WD B Qi e

Fig. 4d Figure of Monthly daytime temperature and defined daytime
temperature range for the growth of moth orchid.



<) Wet Bulb Depression - 10| x|
Hualien's WEBD, where WEBD = Tdb - Twb
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B oo@ % e o 0 1 2 3 4 56 7 8 9 10 11 12
F + 008 Last updated: 2 Wet bulb depression (WBD), °C
Fig. 4¢ Figure of Monthly nighttime temperature and dEﬁHEd Fig. 9 Window of WBD showing accumulative probability of WBD of

nighttime temperature range for the growth of moth orchid. ‘Hualien”.



10-7. Ventilation Control in Greenhouses

GAP P T o0 U0 chk %0 duty factor A B 4 T K
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¥ v MATLAB %7 ventcost.m #2353 » @ % 23 % & g % 3



http://140.112.183.23/digital_GhEng/class3_%E6%BA%AB%E5%AE%A4%E9%80%9A%E9%A2%A8%E8%88%87%E6%88%90%E6%9C%AC.pdf

