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The Characteristics of a Bypass Air Conditioning System for Load Variation
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ABSTRACT: Bypass air conditioning systems are divided into three types; an outdoor air
bypass, a mixed air bypass and a return air bypass system. What makes the return air by-
pass system more effective is that it directs all of moist outdoor air through the cooling coil.
The bypass air conditioning system can maintain indoor R.H (Relative Humidity) less than a
conventional CAV (Constant Air Volume) air conditioning system by adjusting face and by-
pass dampers at part load. When a design sensible load (the ratio of sensible load to total
sensible load) is 70 percent (at this time, RSHF (Room Sensible Heat Factor) : 0.7), indoor RH
was maintained 59 percent by the return air bypass system, but 65 percent by the conven-
tional CAV air conditioning system (valve control system). The bypass air conditioning sys-
tem can also improve IAQ (Indoor Air Quality) in many buildings where the number of air
change is high.
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(1) A8 A (reheat control)

(2) vlo) s 2 A o) (bypass control)

(3) 4 & %A o] (volume control)

TERA 25 B4 241

(4) 71238719 & - 2 ZA o} (on-off control)

(5) ¥E719 & - 23 (on-off control)

(6) &&= ] (refrigeration capacity control)
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Fig. 1 Outdoor air bypass system.
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Fig. 4 Psychrometrics of return air bypass.

717 A 3dE sy dEA Al 25
T Z2HE9) lo] 7B &3 HAh

Aol ARyt 2adeE ASE A2 B
B HA wlo]sfx A o}(bypass control)ell 9
3 WZzdes ERsE IUNReE #astn 2
Umx g7l dlols~ YE(bypass duct)E &
3 zd FHFY £F, 4d2 HEA o9
2ol YL FFHEE T Fol #@Ashd, ulol
5] 2 #E(Bypass Factor, BF)7} Zotxn 1 2
B ARN=FHEErF o B AustdAM FA7t
$AHA Hol dgad 79 IVES H 1
o AHdA A 29 FeHE "ok A 2-3-48 A
W ddEsle gAZ 3ty MEo] AHE A
dgu|Hdoltl Fig. 49A AL Az A
o] F(cycle)e YEld Ho|w, TJHME upoldfx
Aol7b AREHE AlFe Ale]Zeolnt, AUz,
gz 2 AXNcdere Hie A 2d9 o
o) o]Fold w7z A&Erh

Wil vlo|sja FRA|AWZ o] gt T
£ ANzt AS, AU 2T AA® oY &
A E f8lod oA &AL Y F
A=A glo] vpoldla FFo vl gd Yk
9l BEAAE FId HH AU 2=z
8% = A €

o o (fr o

3. Hlo]{A F=ZA|AH S MA N FRAMEH
3.1 AlaHe] MA 2 AqE

el 2y FFF FERALELE 2 AA 3
o] et FFHF GUHYE AN2dF} T
g 7tA Hold F2 FapEel W wielHs
Ao} sojx Auje] xte] I Helrh

vlolgix FRAAHS 54 F e FER
g7 & T2 ol FEFSA AW 4
FEE €A FAE F Ade Aotk #FH
A, gut AAFADE(RT 489 08)9 B+
Hoh FERE/E 23 @V Fe] L 49,
A%, duld S(E@LH 065~075)& WP
HaALE Patn Al AAGAT

QE ot A 7t

=79 AdiFEd ofF HHE5~%%)

M
e
i



$hEE U vl s B2

(2) AELER 4T 9% WHA0~12T)

(3) BF$ ESHF| o] g wy

Aol Al 7HA] MY F B AFdME 29&+
o AUgEd 42& v s A 2%
T Fr1ddEEE 2de dE50) o o og
o] getAn, 249 H$ 76%, 489 AL, 86%,
689 A% 92% 8del FA$ 95%, 1099 A
9%, 1289 A% 9%z "

%il%%*ﬁ?ﬁ—% A8 Yoz F3 3m, utgd
o] 100m* (e 30%)Q) #ZAM AT LA
o & HYFE ddez o RaAMdE sl
Aok RIALGA FEFE 9r)2AL “HAEE
AR LA ANE (AL IZER A #2001-118
3, 2001511)% 71F02 st Waba A g9 9
71Z27(31.2CDB, 255CWB)& AdRs gt 7=
dgde 24X E 26T, 55%2 dAsn, &8
60% HEdnEr|E ALl Addugrls §
B35 F9 9rle 2EHEEE AMNSYT =9 9
7EQFE zﬂ*‘z} 1% H887%e 25CMH
2 ot AN, AAFFe H5%E AFsET 2
AT E 4 689 Y4IYE T27) W
Azt en, ZLdETY FANEEE 2% 4
At RAIETF2EE T3 $E7) 2dd
A LEA4EL AE o&sd ¥ F 3l
09 E£g dEqAY 2EEe AFARE Y
1~3% AXZ 713 3= Aol HHAHo}, o=
EdZ 2 dFdME £879 dEqMY 2%
45 1TC2 334

1

Ds

ATF = 3300% 6x0.33

= 0.00083%‘ (1)

Aol AdHgoziE AFLEA ATE 97
TRov duzd FNEF Q= H(QF A4
o4 F¥ & At

_ as
O="Cr 7 (T.-Ty»

()

718t FAAHA F3AM dde JAaBAN A
getry, RolAdAR, FRAAAe Huywn
3= 11857kca1/h(d%~r6} 8,300 kcal/h, #<d%
8} 3557 kcal/h, AFIH =07ULS ¢ & AATH

Al T3 £FFa Ao ggE&A

25e] E4 243

S Ay, 37 #d(supply fan)L FZ 3,000
CMH, A% 60mmAq2 air foil type £27]E,
37] f(retun fan)S $Y ¥%, A< 35mmAq
9] Al23 H(sirocco fan)o 2 ’37@3}9\1‘4. o4
AE9 Wi AL MIRAE 98(2nd ver-
sion)& *}%5}04 gt o, AlE Zeade
ASHRAEZ} A% CLTD/SCL/CLF¥ e A& 1
o] Ef 9} 7-1]"‘_}“*’—‘4 T8 Moy T2ago
2 EEFEAL 9 Alxd dA zZEadoem
AT A7 & 3o dy BFE Z=2
23 olct

an$

Hoz wiride €8
33}7“ o] &3t %‘i% #rl= Ay A3
o2 R 4+ Uk i“"':rL"ﬂH\_J— 3
1’%7]—2— F&71 Jd 43y Fzg HdI
(compact)3} 3t Hch. Ag 7)o Eg(v)%
3o zRE 7 4 4np.®

o
-|n:
> i g oﬂ. Ho

TO_TS — XO_Xs - hO_hs (3)

7= TO_TR X()""XR hO_hR

313 HEZ |4 8
Hlolgi A FTRA2YWE H3WEe uwal o)
2 "l ulolgA PH e JNEXNE ZAH3IY
ddde 2E4EE FAFY AT, WA A
Ezzd os HFPAFo] wA, HAEFFo] ¥
TR A9 7|FEXE ¢ 222 Y&
n A Aot ol& WAy 9de FTeyg 9v
(CAV unit)& 43719 &7 AdA3tod A
HEol #Aol g4 AT THo H2HES

Return
_EAUNC)

—x O)
OA EA| RA
Bypass

c H m———————————
Supply | 1 i
oAl [ o s fanf) o
(N.C) mod) - @ﬂ—D—
se———
[ c "

Humidifiar

Bypass Type A.H. U

Fig. 5 Return air bypass air conditioning sys-
tem.



244 R4 -

] A EWE AR IV vpoldx
g zzA2d FTAEE Fig. 59 YeErith

32 =x|48 & 21

BeRaAl dolda FEA2Ye TR
2 4 z9 WHE sepsr) Astd F3
zadg FAste, 1 ARE Wz o

AEY 32N

IS
=
of )
i
o4
N
I
o
r]o{,
]
of4
N
id
o4
N
i
o
N

START
|lnput design condition and room loads I

Calculate temperature and R.H through heat exchanger
Calculate Td, Ts

}

Calculate supply air condition
Td = Tc + AT, Xd = Xc

v

[ Calculate air flow rate G I

}

[ Calculate Td, Bypass fraction, Xs I

l

Determine room temperature and humidity
Tr.new=qs /(G *Cp) + Ts
Xr.new=gL/(G* ¥) +Xs

Tr=Tr. new
Xr = Xr. new
q < 0.3 » gs_max

NO

Output

Fig. 6 Algorithms for calculation.

>
G

:nA
o
f

AAs 2ol FAHHE AW 719 2
g Tt

Zzode Ay dgRaivt AnAd 42
o 30% F&ol ¥ WA R F2AA
A ukE Syt

A4 Z2ade EEX(flow chart)& Fig.
6ol WHeRu ATt

oy o

4
(2oL rfe Ko

7}

322 Alsigy| Hato wE MU MdHEE BS

Adgvel Be 4 guese %S S
7] 98 AWANE 07, 08, 092 trol +
Adde WA B FEPE WA, o)

2 9Fe vlolgs WHE xFse violdx

FzAN 293 BB (valve)& ZAet A A7
N g FF3e GYHUE AFF TA2EHY
HRE P

3, APGu7r 0791 A5 AdgH Tl

[=]
o
7} 7tz r] dEgel Al &%
50%% 44T B, 4A F7 £
o] FAHEHA %A H2z A9 5= A2
26T, 56%=2 A A
Fig. 7& A4 @g¥sto] Fase 24, 07
o] A@gulo] ths] wlelslz FRA LY HE
Aolg Yot FzA2R A FAsE 7
A g BoFa U
Fig. 7& RBol & & 1Kol 4@ g7}t 07°]
o AW HFGRstel e FEFIAS 2
# A2 s}te] Hl(design sensible load)7+ 70%Y =,
vl & FRA2He] B¢ AW ddsET
ANSI/ASHRAE STANDARD 62-1999¢l1 4 =4
e 60%E ZdetA @AW YEAE Pshe

=78 26T,

>

<When only sensible load varies, RSHF : 0.7>

. .
” - - - - “®
F
s
T -]
: -3
= Q
® 5 S . . 4
H 2
1 i
@ >
g .8
&
0 o

100 0 a0 7 “ 50 a0

Design sensible load(%)

—~RSHF BYPASS : 0.7 -~ RSHF VALVE : 0.7 —- Bypasa ratio

Fig. 7 RH wvariation when part load occurs
(RSHF=0.7, only ¢, varies).



Fapd gl tig vlojf &

0
w©
o
m
X
1
&
e
z

g A, Al Ad
&7 ok 65% Z*Ei vxl%—% g & A®
£33 Ao AA wpoloa Frlel HEL (100~

design sensible load)%7F 8& ¢ + fUrh
= ""B*ﬂ‘ﬂa Y3ls GYHUE AFHF T
A%, d5d REFE LA YT
ks

o)Ay £EAdE Y02 =YY
]
H,

t

):
o
L

Aetslez AW dogEe ddHA %
A8 5 AR, HlolHa FRAIAHEE F
A%, AU AUEEE o= AR A
FANE F JdodeE LS & F o

Fig. 82 Ad4du|7} 2tz 0.8, 093 A¢ol o
g Asdg Jelz 9otk Adguge) 255
AR Retol A Rt HEo] o} A
AUEEr i A g4"Ede AMEE ¢ 5
slth Fig. 9t Foiz AdALHN(0.7, 0.8, 0.9
gste], e dIRsiel FGRIIE FAlG
adAu|gE Faste A$ol 3 AHE JERY
I Yt

2 oo mo (8 to |
_c‘){_u’
fr @

lo
itk

<When only sensible load varies, RSHF : 0.8, 0.9>

]
a

5
Bypass Ratlo{%

2

Room relative humidity(%
B

3
3

Design sensible load(%)

;a9 VALVE :0.8 ~ D~ RSHF VALVE : 0.9 ~~%— Bypmss ratfo
Fig. 8 R.H variation when part load occurs
(RSHF=0.8, 0.9, only g, varies).

<When sensible and iatent load vary>

Room relative humidity(%
& H 3

£

H

g
2
]
2

w P
Design sensible load(%)

07 -~ :09 —O—RSHFV:07 « X « RSNFV:0.8 ——RSHFV:0.9

Fig. 9 R.H variation when part load occurs
(RSHF=0.7, 0.8, 0.9, ¢, and q; vary).

TxA2He 54 245

Fig. 9& Fig. 7, 85 nvlasted 2y, Ao &
dHatel FERert FAC FAde A9 @
dRaig FAasE Ao ¥E AW ddEEst
oA g dA4EL ¢ 5 duh ol HAARY A
271 &9 ASol wlE 2o A4dHE 4F
du|gto]l A Ho FEAHPIN AL
Ful7h &A Hol Auly AUs=rt WA He
A8E zHYste Aotk

4.8 E

A de] g dadNF & FEgFes
Tz e AUy 25x 2 A= ¥
Ae Bgz @ uolula FRAAH gid o
T4 g2 g& AdES 4E€ 7 Utk

(1) FRE3 LA, A@du| o] AE&4E A
e AusxEe F7e.

(2) Avig FAgdRsisl 2 ddgy 079 Tx
A s AW ¥ F FEREEY
70%7 Hi& AFGoA, vlolga FERA2EL 4
W AEE 60% olstg FX st ¥E, dE
Aol dAYE AFZHF FRAN2HY AL, ¢
ZAsd MY Ay AUsEE 66%E FA4sAT

(3) AR A2 FEEEY FoEn
7 FEEs7t FAd Aase BERES 2
AAL A sz @A A8

(4) FEB3 H4A broldla F7]9 HEL
(100-design sensible load)% <}l th.

(6) d2Hog RIERI LYA utoldx F
Fe 2o zE du 258 dASA 7
& F god, velgze ¥ & @VHF
grz AW FPEE A AT F U

2|

o

B d3E duA#FHITE] 2000Q 3AH
FrleAEAg e 8 ALHRFUT

[I"'

fazd

1. Carrier air conditioning co., 1965, Handbook
of air conditioning system design, McGraw-
Hill, pp. 1_115-1_154.

2. Howell, R. H. 1986, Variation in relative
humidity in a conditioned space due to coil



246

4.

AEE - AEE - AFY

bypass control systems, ASHRAE Transac-
tion, Part II, Vol. 92, pp. 300-311.

Howell, R. H,, Ganesh, R. and Sauer, H. ],
1987, Comparison of two control strategies
to simulate part-load performance of a
simple air-conditioning systems, ASHRAE
Transaction, Part O, Vol. 93, pp. 1768-1780.
The society of heating, air-conditioning and

6.

sanitary engineers of Japan, 1995, Hand-
book, 12th ed., Vol. 3, pp. 274-281.

The society of heating, air-condit.oning and
sanitary engineers of Japan, 1995, Hand-
book, 12th ed., Vol. 2, pp. 69-119,

ASHRAE, ANSI/ASHRAE Standard 62-
1999, Ventilation for acceptable indoor air

quality.



