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K EREEEE + M5 DN W I o A SR R RN A B
(k2% o A LRSS Z WA PO - IR " 4+ SR
S TR Y B

4. B#Bi% ( Corticium rolfsii )

ARTERRAMBAS > BRME > ERKXEFOCHROE
R HERK - B R AR M BR KR
o BEAZIME AWKLEM  ARTIESRERERGTR
WE > BESRAEEARIRE - MEAKH ( 1938 ) WWHR
» BRERREARPARBAEMEAE o PaARE L RAF2
BR > NEREAZAN-

5. #kE#% ( Rhizopus )

AF-BREFRABERASERARBRFRNAFTREBR
o BAMRRRE LMBRE - KERAW LTIRME b7 1LY B
P ERETRF 2 ER 0 B MEAR

6. BRZ2E ( Yeasts )

RRESHAE > RABSEXRETRIL 3 SnmBe 83
BE WEROFERPLAANE > BHEHE ( 82.5°~ 88°F )
BRARN ATHERREAAEERKAEMERRS HREER
c ARKB XA RRUARNLRRERERBESEAE —LOERES
s 58 A 2 R B o LRI 8 S (LB -

7. W CEEANRR)

AFIERREERRRT  BEARREXREEREZ 60
%> EAAME REMEDHRBERSEIE  BERARKERR
e ERANCREE  BREEILT - ANAAAMRER+—A
B BEARRAEY » EHUAFHAMBI; MEAZEE (
1942 ) iR - AR RARPOELIE R BRERHSNRE
RIM ( 87°F Ll ) HRRBMASHEET - B EmEx
T2 SRR N RARDELEROBE - kR
G AT RACAR B TR SR BT R - BT AESEST
BRERHEK-

8. ®E (FF4MRB) ( Chilling )

ARKRERRAS ( 50°F LT ) » ERRKRBE - AEBR
RE; ERERMG  BRTHREKSESRELBPLE  TRA
B W L RS » REE R  NMERER R o BY LXK
SBA - B E RS R 2 M ch 55 % A B R R
By o EARZELER 50°F LTHES SHRRN » LRETRE
ERZE (M) E-

B L ERERE NIRRT BRE A RET LY > X
HAMERRRRMERER R IO L NEE  RRDMILER
M RIE KT o & A R IRV L E R B R MRTT R IRBINK 2 K
s HOF FRIEE AR EDOME o BLL» BPE WL fEAREET
BABEOME B SHEFREEZBE AW KON E
WERRERELE ZEELM - MRS RS MBE FRNAK » K
H—R D — A LS/ R TR 1°F B ARE X5
EER @ - BRFWSRM (M) BHRE ( 85 % R.H.OZH
0 GREH I B AL AT 00 G > SN MR 2 F MK o



= Bt ERS HERBRE

A T MR 1 AR 31 B R WURIEN - 2 T A
A > REEFERIT —ERAT » % RTR WO AER 22
 BRSELA-HNEFREA  BAMERKZAKIAE o B4
BARTEEEEEEE SR ( Unit Cooler ) R phskiE BB
S B ¢ (B R M 2 T R B 2 WSS h K
o Hith » fF XU K BR T RA G2 AEREMER » RRERIE
AR ERE—BEE BHERBE o

1. BRARHRIER

WE 156K B 50 AR BSAR (MTRAER) + F4
IR » SMASEH 10000 5 o B97 W I HIE HS 050 2 A
BN MESEXLIEATE MBS ANRNEEE SR
HE o BEBERBEAFENR 2 TEEE  UHERERDZA
W0 SO BB AL GURIE o o A BB L AR b
o BAE BN BE + HRRFR A ( CaCl, )M MR GLUR A ¥
BEMZ A KSR BEEERSEEET AR KL HEORS
S SR R T A B 5 22 BRI — K B 40,
00082 Ik » 5 v 186 5 A U LB 00 56 Jm 37 HRPE WS 2 A5 R TR 0 o

2. FREH

DEEEEERETSERER 95°F - WERIEE 81°F (955
%R.H., ) o —H{@F3 ( Daily Range ) 18°F o

QBRI 2 REHEH S 56°F, BRIBAEH 90 % R.H.o M5 B
B 100F o

OWEHER 8 Ll 3 EAMERE (K=0.217 mNER
B o FLEAEN R.C. (K=12 Bt h. ft? °F. in )%
M3 B o HER 6 M EKIRAE (K = 13) 5 L RGREHE -
BEEER » TRELENS 0 - HABTRRDERE - KM
B PR - OB TR B RA 75°F BN o

@I R 10,000 $E:2 RREUR » EBKBIEEAZF
B S MEDEHN > REEAZEREEREN T AERRAT
HEER80°F o fEBERE M » il TR 1°F / hBH o

& MIERIE S - 40 R 2 KBS & TR ERT I o 4
WS Rk o EREE FARAEERERTF 35 - BERRIL
(NE) 57575 ( SW ) P RS + EL BRI Wi 5 2 E IR R R M
% MEMATELTE 8 BESBRHNES | TF8H2ZHRA
RRAZEER] - 2Fm o

©MAIEBEEEE SR 0.3 Watts 55 ( fgWatt3.4Btu/h
) » mEMEEZEME ( Heat gain )# 3,000 Btu/h. HP3

(T R TR 5 E T A RIS 1 i A RTRE o

(S8 O A M A ME BB (B (AR B FI B
s E L R o [ TS M B A 20 MR T E K o

(OB B I I N — K E AR RES o

3. RERBMAN

(VREREBERUEZHN : REHABEMEZ UETHKT

REHE o

L4 7 o 5 MO R MR BE R 4 0 B
fo= M SLBEC S UGB R (coef .of air film) BN 6.0
f.= MEPRBEZ2 INGRR » T 1.46 °
xi= WMz FE B8R

._3 —
REFRIGERATING SYSTEM DESIC FOR KADHSIUNG BANANA COLD STORE

This is anextracted and translated edition of “Refrigerating System Design For
Banana Cold Store With Reference To The Market Deseases of Taiwan Bananas™
which wass first published in ENGINEERING JOURNAL, page 60, voi. 38.no. 9
(Sept. 1965), and which was aiso edited in “APPLIED REFRIGERATION & AlR
CONDITIONING”, page 745, 6th edition (Sept. 1976) issued by myself. The
original article had won author 1966 year's Jeme Tien Yaw Geid Medal.
= L.F. CHANG =~

A. REFRIGERATING SYSTEM DESIGN

1. An introduction To Kaohsiung B Cold Store

‘The space of refrigerated store as measured of 156m(L)x50m(Wx5miH) had
been partitioned into four section-rooms equally for peak-storing 10.000 baskets
bananas in each room. In order to obtain adequate cooling for the flexible demand
so the Kaohsiung banana cold store employed an indirect cooling method with
CaCl, brine. Hence, two open type centrifugal refrigeration machines had been
instalied to pump the brine to hung-type unit coolers over all cold store that either
for the peak-store of 40,000 baskets bananas or for the partial load in any section--
room or rooms.
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|
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XA Retrigeration M/C RM
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M(Fig)1l-1 Arrangement of 32 Coolers In Kaohsiung Banans Colc Store

2. Survey

(1).Outdoor conditions of Kdohsiung port (China’s Taiwan): 95 Fdb, 81 Fwb.
outdoor daily range 18 F.

(2).Design conditions of cold store: 56 Fdb, 90% RH. temperature of ma-
chining room is 100F,

(3).Outer walls.8" thick of common brick with 3" of polyethylane foam (K=
0.217 Bru/h.fi2_ F. in). Roof slab 8" thick of RC construction K=12)
with 3" of polyethylane foam. Concrete slab 6" thick of floor (K=13)
without insulation, assuming the underground temperature maintains 75 F
for calculation.

(4).Assuming the average initial temperature of basket-packed banana pulp
would be at about 80 F due to the loading process is going on with the
cooling-down process. After the loading process is being made, a cooling-
down rate of 1 F per hour is usually recommended.

(5).The flat roof is beneath the shade of awning by which the roof will be
considered as shaded area. It is obviously to see that maximum heat gain
thru walls are facing NE & SW respectively at 8 PM because of the effect
of lag; the correction in table I-2 for temperature difference betwecen
outside and inside will be obtainable upon daily range 18 F vs 8 PM.
Besides, the exterior surafaces of outside walls are white. Figure 1-11llus-
trates the location of building and the layout of cooling units.

(6) The lights within cold store will be taken as 0.3 watts per sq. ft. (conver-
sion: 3.4 Btu/h watt) and the heat equivalent of the powei supplied to the
fan motor will appear as a sensible heat gain, ic, 3,000 Btu/h.hp.

(7). The workers will not be staying in the cold store dunng cooling-down,
hence, there is no direct heat gain from occupants.

(8).One fresh air change per hour will be brought in to mix with the condi-
tioned air. The outdoor air introduced for the purposc of ventilation so
the infiltration of outside air is negligible.

#1-2 KHFFHEEZSEAECF)

Table 1—2 Correction of outdoor temperature

— HE%E B & (time)

(daily :

range ) 8AM | 10AM|12AM | 2PM | 3PM]| 4PM ] 5PM | 6PM
ER -13.3{ -9.7|-5 |-1.1] o }-1t.1j-2.7|-6.7
DBT

18°F |
b 4

-4 |-2.7|-1.1] 0 00 [-1.1{-1.8

WBT




4=
x:=HHFEZEE » 3nfo
ki=fZ # 4 8% ( Conductivity ) » B 5.0Btu, h -
°F « in .
ko= BHIFH o M2 - N (0.217 Btu h - {t?.°F . in.
B AT - H

U= 1

3 1
+

0.217 1.

5.0

L, 8, 1
. 5 416
=0.0615Btu, h e« ft?. °F

(B EER Equivalent Temperature Difference Yo't :
GEEF-HmEEMR 18°F » RS g 2B 20°F - &% 20
~ 18 =2F > MEH/L 2 FIE% QIS ESRRMIF - Xy
CERRT qE2 ) HE NEf S SEfI~ SWH - NWRREF A
PEERZEEEAER[ 8T 10F, 12°F - 8F 41 10°F - R
A RE AR 95 - 56 = 39T - 439 157 - 24°FoltilE &

ft*.

3. Estimating Heat Gains .
(1). Estimating Over-all Coefficient Of Heat Transmission (U} Thru Ourer Walls.

Roof & Floor

1
oo |
L L T "I |
T KK

The following data will be used in calculating the heat-gains thru the building
of Kaohsiung cold store as listed in table 1-3.

f, = coefficient of air film over outside surface of wall, 6.0
f, = coefficient of air film over inside surface of wall, 1.46
x, = thickness of wall made by brick, 8

Xx; = thickness of polyethylane over wall, 3"

k, = conductivity of wall made by brick, 5.0 Btu’h. ft°. F.in
k; = conductivity of polyethylene foam, 0.217

substituting and getting U value for outer walls

U=0.0615 Btu/h.fi*. F

(2). Equivalent Temperature Difference, A ¢

Because the daily range of temperature 18 F in Kaohsiung 1s less than
20°F, 20-18=2 F, hence, it must add 1 F to every 2 F lower daily range for
correction. For this instance, the equivalent tamperature difference (At) at
8 PM thre roof and walls of NE. SE. SW. NW_ obt.ined from a suitable
table, ure 8 F. 10F. 12 F. 8 F and 10 F respectively. Qutdoor minus store
design temperature from the base of 15 deg. ie. 95-56=39 F. and adding
the excess of 39-15=24 F to following calculations:

NE wall : 8+1+24=33F
SE wall : 10+i+24=35F
SW wall : 12+§+24=37F
NWwall : 8+1+424=33F
Roof  : 10+1+424=35F

The temperature difference thru floar is 75-56=19 F

EMERR:
NE #: 8+ 1 +24 = 33°F
SE f: 10 +1+249 =35F
SWHI - 12+ | + 24 = 37°F
NW A : 841 +24 =33°F
HEFEE: 10+1 +24 =35"F
g1 A& T3 36 - 19°F

BE REGBERFBREBELES T K Tram@insng

T3R8.3+5 " 93.3F
SREHZHAD

j# I
Q=UA(at)

MREYREEARY  MRAMIKL TR

RARZHAR  #ARNE A MR - T HESAWUTER

Furthermore, the temperature of machining room at 8 PM would be 3 deg
higher than given condition, hence. its actural temperaturc at 8 P is

88.3+5=933 F.
(3). Calculating Heat Gains

The arcas of walls, roof. and floor can be calculated from grven temms.
Hence, hieat gains from previous areas may be =stimated by the application

of following equation:
Q=U A (ar)

All the pertinent data from calculations are listed in table |-3.
Estimated total-heat gain from table 1-3 is Q,=589,072 Btu/h.

#1-3 ABEBFEARBEEDROZEAMAN Tatle 1—3 Heat gains thru the construction of cold store
- g;};&tji*'* AEne |6 w v g | R Em
(Construction, | # XK\ oino ceq | BAMX K|(temp. ea)) (area) | Lo  |(Btah-teeop ) | (heat ins)
(brick) {insulation )| At(°F) | A(ft?) Q (Btush)
conerete )
NE w| 85 3/0.217 33 8,500 | 1.46 | 6.0 0.0615 17,000
SE | 8/5 3/0.217 35 2,720 1.46 | 6.0 0.0615 5,860
Swi | 8/5 3/0.217 37 7,100| 1.46 | 6.0 0.0615 16,150
NW | 8/5 3/0.217 33 2,720 | 1.46 | 6.0 0.0647 5,523
BT Z 2 roof ) 8/12 3/0.217 35 84,000| 1.2 | 6.0 0.0643 19,010
WEM/C rm)| 8/5 3,0.217 | 37.3 2,180 | 1.46 | 1.46 0.326 5,229
HZE *(floor ) 6713 19 84,000 | 1.63 520,300

TRANENSHDER(K=4.0)ME .,

* : Underneath the concrete floor is § “ thick of rocks with sand, K=4.0,

HEL1-3ZHE  BELBREMR Q1 589,072 Btu, h .

4. BEREETHEH

REEEERAT 45 AF ( 998 ) » AN EHRS D AHR
PIRBE AL - W ERRE L 10085 - S EETR A - B
B RRMR » % 50°F 6 » H&FRME 0.0624 Btu/ 1b.h ;
68°F #8125 0.174Btu/ Ib.ho &% A KBS 28 KB 0°F »
R AR MY AT ESRIPEMYS 0.2Btu Ib.p 2o &

40,000 B &% 2 MIER S

Q: = 40,000 < 100 % 0.2 = 8005000 Btu h -

#E M exhaust fan

P P
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A
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AN |
.
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—
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Supply and Exhaust Fans in Kaohsiung Boki Store



5. BERAHE
& #y A EF iﬂﬁ%é 80F BB 56°F - HE\E&Rz LM (

32°F LlE)RBO0.8Btu 10°F  HERBHS WAL E | /B aksE

BHETI1F MEHBER
Qs = 40,000 * 100 %1 X 0.8 =3 200,000 Btu,'h
6. BARMBREHRHEBM
(DS MERE R 84,000 1t » KEHAZHBHE
Q¢ =0.3 x84 000 x 3.4 =85,600 Btu, h
QEDBEMEASREK 6OHPET » U3t 240HP » B EHKR
B
Qs =240 x 3,000 = 720, 000 Btu,~ h
7. FieAERHEANEESANHERE
BUTH SR EREAANB NS IR Z2EREER
88.3°F » WRRIEE S 79.2°F MBHRE 51380 » 108 1 - 2 XK
H1- 322 HBEMR ( Psychrometric Chart ) R o A &

BEAEK
V=(128"x164"%x4—(42.6"'+42.6")%x23')x16.6’
= 1,232,000 ft?
REFHLOKUFESRH 12X HREAR a9 = 1,232,000 ft?/
h, 820,580 cfm - A KER > IS
FRAR=1,232,000%x0.07025
= 86,600 b, h
FRERES I AR EEERR.
Qe =86-600(30.8-22.7)>=701,460Btuh
FR RS ABRZEEBRE
Qr =86, 600 ( 43.1-30.8) =1,065,180Btu h
BHEERNEAN AN 2 BINE
OATH=701,460+1,065, 180 = 1, 7665640 Btu“h
8 147 RT
8. EEREAME
HENEZEM RSH=Q: +Q:+ Qi +Q4+Qs +Qs
=6,095,532Btu.“h
RENEEESR RLH=Qr=1,065,180 Btuh
WEERR#ME RTH=-RSH+RLH
=7,160,712 Btu“h = 597 RT

m - SRS WA ETEIE S

FERSHEARE 00 %ZRH 284 EEHFEH" : —AM
i TRAREE oM R RAEEE ELERES  BTRK
&S EES o LUAR SR AIMBESATHMTF :

1. EEREMBZEHE

LEAREABRAXBUBEENBZER  REKHAETH
il 1 — 32—k

(HEPIAAT LA ( RSHF ) sl : AR RN —HEHR#K
IR ORIE M T B 2 SR B WS IASMREMA RS RHB RS -
HESERMERBRAREHNRE ER—BEARKSRENAT
WO HE IR R R, > R RS S & e R R e R o
A T AR M AT AR

RSH 6,095,532
RSH+RLH 7,160,712

@B RBES ( tu, )ERARBHEOEE (t) ZRE : K&K
T T B R I R 0 o R B SR VR TR — R
RRJE o —H > LUNPIS AR ARFRARBE - LERLR R

RSHF = =0.85

_5_

4. Heat Gain Fror The Respiration of Banana
Taiwan bananas was packed in baskets (packing with carton box began in
1969) at weighing 45 kg net (1001b gross) for exportation. Maximum respiration
heat of 0.2 Btu/1b.h is based on pulp temperature 80 F on loading-in. Hence.
Q, =40,000x100x0.2=800,000 Btu/h

5. Heat Gain liberated by Banana
Use a specific heat of 0.8 Btu/ib F for cooling-down bananas from 8CF to 56F
so that heat gain will be calculated at a cooling rate of 1 F/h.
Q5 =40.000x 100x 1x0.8=3,200,000 Btu/h

6. Sensible Heat Gains From Lights and Fan Motors
(1).Total area of cold store is 84.000 sq.fi. multiplied by 0.3 watts for the
heat emission of Ligits.
Q. =84.000x0.3x3.4=§5.600 Btu/h
(2).Motors of 60 hp for each section-room, the total hp of four section-rooms
is 60x4=240 hp
Qs =240x3,000=720,000 Btu/h

¥. Heat Gain Due To The Introduction of Qutdoor Air

The dry-bulb temperature of the outdoor air at 8 PM from table 1-2 is 88.3 F
and the enthalpy at that time, from figure 1-3.is 43.1 Bru per 1b of dry air which
is based on that the humidity ratio 138 grains per !b of dry wr remains constant
throughout the day from the design conditions given for 3:00 PM. Ths is a solu-
tion during design weather except when a storm occurs or other reasons. The air-
conditioned volume of cold store is

V= [128'x164'x4-(42.6'442.6°) x 23’} x 16.6'=1.232.000 cu.ft.

One air change per hour for the purpose of providing ventilation into the air-
conditioned store is brought in thru the ventilation fans by which the air flows are
imaged as the infiltration load.

The weight of ventilation air is 1,232,000x0.07025=86,600 1b/h or q=20,580
cfm. Therefore, the direct sensible and latent heat imposed by outdoor air frem
figure 1-3 are:

Q, = 86,600 (30.8-22.7) = 701 .460 Btu/h
Q, = 86,600 (43.1-30.8) = 1,065,180 Btu/h

8. Total Direct-Hesat Gain
Total sensible heat gain
RSH = Q, +Q, +Q, +Qq +Qs +Q4 = 6,095,532 Btu/h
Total latent heat gain
RLH = Q, = 1,065,180 Btu/h
Hence, total heat gain
RTH = RSH+RLH=7,160,710 Btu/h or 597RT

_ h=431

B
79.2F 5 #1 8 00PM /306Pr o
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M(Fig)1-3 'The Analysis of Cooling, Dehumidification & Water Sprays
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BB o T - KIERERE | - 4 FREEES 56 F i BRS
B A KT RS 32.8°F + Bt A 7S ML B AR EAE B8
AR ZTD = 56— 32.8 = 23.2°F o A MM EEBER
RS RBBEFORENERGKEELS 14 F > KB85F5%
R R R tes =32.8+14 =46.8°F » LU IEEERAS
HEEBEWHEASRBF =01 c ARAMELOSRAESE t. =
46.8+(0.1Y(56~46.8)=47.7°F.
SIS B 1 — 3R TATA ML GSHF = 0. 47 » &
R P HHIME AT R 13 2 GSHF o
TOMBRMAMEER AR B AEEARRY > BRERE K
B RE S0 RS RIS - MHASRERRES
q, =7,160,712,7(22.7-19) = 1,935,328 bb,/ h
=27+549,145 ft*,“h
=459,152 cfm
(F27:549.145,71,232,000 =22.4 & HAH )
MR IR R K B LU | - 3P (RN RE
K BEMUILR DGR - HL T3 A S B ABREF54.2F
CHERGZIRZBIKE 85 F ) W51 7 5 0 #08 B 1B S 44
EERTHAB A O EEE AP BABENEE 56 FLLERSE
BWHELTE 56 FUT » KIBAKERARNZY » RHEIBIGE
RO~ QE « ERRO~ORO~Q BRI BN HET R o
DIARK ST S - 002 HHEH B A S BAGE ~ AR
FERR D SRR SRR A MR R o RE U EHE
TE TR R B AR & 1 B It 5 35 T SRR E S R R » 13 R
PR R W o
GRIBUK B 21 H  HIEER o AR R AR K E LR B
BEGEREELIC. 00 » AR T HRZENAML. 2SR o £HH
B2 10 . 40 - 75 208K i 1A U7 SUBERGISRE 47.7~ S6 F
BKEE . 10 1 — 3PRBEU~G - KRESELUTREE LR
REIRR9.2%F 10405 - B2MK (NFHHE9. 608 8 ) BF
A B A R bR 2 S )
Qi =9.6%459,152x0.68=2,997,344Btuh
I PR O AT O LT+ T B A o4 B o
RN 38 AT 5 BEPS 7 B SR e K B 2 RS » 1R LU
BRER 7.7 °F B Mg AEBRARS
459,152(59.8-49.4)
Y S ox12.7x8.35 6-44 Gom
2. KBREAER SR 2 5 T
BRAR AT AR B RERE » 75 1065 FRBERR
BRI T o ARMATRAT 2 B B AL BT 5 4
» 5 BA A FORBNE R A B RR S SR B o
MBR AR RSHF = 0.85 » % BF = 0.1+ R
M3 EHERESS P 90 % RH - QIFTR1GE R B i Ll B BN~
RSHF #g# & £
9: =7»160,712.7( 22.7—22) =10, 229,588 bb_"h
=145.616,910 cuft /' h = 2,426,948 cfm
UH1E B R B ANYRTT B AR 459, 152 cfm 2 5.31% ALK ERR
eI/ 22. 4 VBB 118 K. h » SERA MR B 15 (5 32,
W A BB - BRGNS 3 B KK T 6
& R o
R2Z - HFTHAE NRE S E 2 ERRE - RGO R %A R
B0 LA 17 8 BABS G FERBGER :

90 =7,160,7127( 22.7—16.5 ) = 274,010 cfm

B. HIGH RELATIVE HUMIDITY DESIGN FOR KAOHSIUNG COLD STORE

The design conditions of 56 Fdb and 90%RH in Kaohsiung banana cold-store
is maintained by the cooling process with mist sprays instead of the circulation
drawn thru air unit coolers with excessively high air quantity.

1. Cooling With Sprays
(1). Room Sensible Heat Factor (RSHF) For Kaoksiung Cold Store
This system differs from other convensional air conditioning system due
to the outdoor air is brought in and unaltered before mixing with the
conditioned air in cold store, but without passing thru the conditioning
apparatus. With this understanding the RSHF line can be caiculated and
plotted on skeleton psychrometric chart as shown in figure I-3.

RSH 6,095,532
RSHF = = =0.8s

RSH+RLH  6,095,532+1.065,180

(2). Apparatus Dewpoint Temperature (t,,, ) & Leaving Conditions Ar The
Apparatus
A brine temperature of 32.8 F vs. room temperature of S6F in figure | -4
is down in line with the unit coolers at a differential temperature TD=
56-32,8=23.2 F, We may use the data from the catalog of unit coolers
with the assumption of that a differential temperature between the mean
surface temperature of coolers and brinc temperature is 14 F. Thus, the
mean surface temperature of cooling coils can be sized at 32.8 + 14=46.8F
which is also applied as apparatus dewpoint temperature as shown in
figure 1-3, ie, t 4, =46.8 F, when assuming BF=0.1 for the selection of
coolers. Therefore, the air leaving temperature at the apparatus is deter-
mined by the following calculation:

ty = 46.8+(0.1) (56-46.8)=47 7 F
When humidification is used in the cold store, GSHF=0.47 could be read
from Figure 1-3 by drawing a paraliel line thru the alignment circle.
(3). Air Quantity Required For Cooling With Mist Spray
When auxiliar sprays are used for the humidification, the maximum air
quantity can be determined by using the data from the psychrometric
chart and then by calculation:
qQ,=7.160.712(22.7-19)=1,935,328 1b/h=27,549,145 cu.ft./h
=459.152 ¢fm
or 27.549,145/1,232,000=22.4 circulations pe; hour
(4). The Range Of Sprey Warer Temperature
Line (7-2) represents the process of evaporating water in air to saturate it
that the heat has not been added to or removed from the spray water, je |,
adiabatic saturation. If point (7) is assumed as the theoretical condition of
air entering the humidification process for which the temperature of water
to be cooled down to 54.2 F in order to contact with the air at the tem-
perature would be improper and higher than room design temperature
(S6F).
When spraying humidification is performed in the cold store, the room
sensible load is decreased by an amount equal to the latent neat added,
since the process is merely an interchange of heat from sensible to latent
load for the moisture evaporated actually along dotted line (4-2) in the
space.

(5).An Amount of Moisture Added For Humidification

Since Kaohsiung banana cold store is to be maintained at the high relative
humidity of 90%RH with the auxiliar sprays in the conditioned space
instead of an excessive air quantity as mentioned. The recommended maxi-
mum moisture added to circulating air by atomizers is not more than 16.9
grains per 1b or 1.2 grains per cubic feet of dry-air. Assuming 9.2—-104
grains of moisture per 1b of dry-air is added at the temperature range of
47.7-56 F to which the circulating air should be contacted as piotted in
psychrometric chart at point (4) without causing condensation in the cold
store.

The maximum amount of make-up water is equal to the amount of
moisture evaporated into the circulating air and is d=termined with an
assumption of that the leaving temperature of 47.7F to which the cold air
is contacted.

qr (W,-W;) 459,152 (59.849.4)
make-up water W = ' =6.44 GPM
7,000x12.7x8.34  7,000x 12.7x8.34 {maximum)

If the average amount 9.6 gr/ Ib of water is brought in for spraying humi-
dification, the Jatent heat will be added to evaporating water,

Qp = 9.6x459, 152x0.68 = 2,997,344 Btu/h
The heat transformation from room sensible load to latent hieat for spray-
ing humidification will have no effect on the refrigeration capacity

2. An Analysis For High Room Relative Humidity Maintained by Excemive High
Supply Air Quantity Without Humidification
The moisture introduced into the space by steam is another method for humi-
dification but was not used in this system due to the boiler and excessive cooling
loads must be avoided.
In casc of the application to this instance at a high humidity invoives.the
cooling only without humidification, the RSHF (0.85) line can be plotted on the
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psy chrometric chart from the point (2) of store design condition to intersect the
saturation curve at 52.2 F. Assuming bypass factor 0.1 on RSHF line results i a
leaving conditions of 53 Fdb, h=22. Consequently. the air quantity as required is
determined: .

q; =7.,160.712/(22.7-22)=10,229,588 1t/h=145616.910 cu.ft./h
=2426948 CFM
This amount is 5.3 times of the required air quantity 459,152 CFM in comparison
with previous method. Increasing the rate of 118 circulations per hour from 22.4
circulations would cause too much sensible heat gain emitted by fans or to increase
the powerof motors and arise also in troubles of the bananas to be dehydrated.
Futhermore, if more than 17 grains of moisture per 1b of dry-air is added for
humidification, the required air quantity will be reduced to:
q,=7,160,712/ (22.7-16.5)=274,010 CFM
This amount is the 60% of air quantity required at 10.4 grains of moisture per 15
of dry-air to be added. Since the apparatus dewpoint temperature is lowered to 41
F so the temperature of brine may be less than 30 F which would arise with the
difficulty of defrost from coils.
An optimum amount ranged 9.6—10.4 grains of moisture per 1b of dry-air
necessary to maintain 90% RH with the required air quantity of 459,152 cfm
results in conclusion.

C. AIR CONDITIONING EQUIPMENTS USED IN KAOHSIUNG BANANA
COLD STORE

The equipments used in refrigerating system are listed in table 14.
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Table ]1—4 List of refrigerating equipments used in Kaohsiung banam cold store

Categories Description

Qty Remarks

Refrigeration

hi
machine capacity of 410 RT each,

Open type centrifugal compressor,Worthington 2 sets
model 52 EC, 27— 26, Refrigerant R-]1,

CaCl: used as brine

Brine reservoir

and unit coolers

. . Krack model CP 2208, 6 fins/in, 8 rows, 32 sets Hung up by belts, 130 cm
Air unit coolers . .
capacity of 256,000 Btush at 23F T.D. below the ceiling
Brine of 3,000 gal. is filled in the reservior 1 unit Reservior is fabricated by
to which four thermo-storages are devided in steel 33 ” th. & insulated

order to circulate the brine between chillers

with poly. foam 47*

Cooling towers Cross - flow type, 1,000 gpm

2 sets Space occupied: 600 eq.ft.

chillers

Cooling water 1,000 gpm, 30m pressure head, 40 hp motor 2 sets To cooling towers thru
pumps driven, with 8” piping condensers
Brine pumps for 800gpm, 20m pressure head, ] — stage , 30 hp 2 sets To brine reservior thru

motor driven, with 6“ piping

chillers

Brine pumps for unit 400 gpm, 60 m pressure head ,

coolers

2—stage, 30 hp 88 sets
motor driven, with 5” piping

To reservior thru unit
coolers

Atomizers

Centrifugal type,make-up water:181/h or 8 sets
0.078 gpm is supplied by a pump{ 1 hp motor)

Local made

Ventilation fans

3 hp motor driven, axial - flow type 8 sets

Without duct

Exhaust fans

3 hp motor driven, axial - flow type

8 sets Without duct

Brine piping Parallel with reverse return arrangement, all 8 lines | 4 jines each for supply &
with 47" insulation ) return
Instruments Temperature recorder 1 set For temperature & humidity
Thermostats with modulating control te 3 —way control
valves 32 wnits
Thermometers for dry-bulb temperature 4 sets
Thermometers for wet -bulb temperature 4 sets
Humidistats with solenoid valves 4 units
Control panel for indicating the temperarues
of outdoor, section - rooms , brines, cooling
water 1 set
Total power required 1,428 hp, 440v, 3 —phase
10KvVA , 110 v, 1 — phase
Water consumption 1). 2x cooling tower:1,000gpm at 3% Water temperature: 85F
‘ make - up water
2). 88 x atomizer: Max. 6.44 gpm( total )
5. B WETEINGEH 7. RS ANR
(DRMEENBERE 85 F 90 ZR.H. + RARABL IR 2EERATRS

LigH MM 2 E:aM\mem 22 4 » SARXRERE 18
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13) PR 4 RO LU B ch R e A 2 T A A X VR S 88 (Humii -
distat ) ZHENBBEESHREKE LT ( Solenoid Valve
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6. TEKER
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Q+=7,160-712Btu h =597 RT
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A | PRI IR SRR M - FRABEEF 2 o HEERS WM
ZEEB BrEBErdRTRIXCAARA IR RRERLEZE
HEN  HERCESEXR/EIER  CRRSARMNIN AN
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2. AN DXAMPLE OF AR CONDITIDNING SYSTEM DESIEN FOR DFFICE BLDG

The coverage of this exampic is consisting of two parts:
Part 1-° DIAGRAMS OF AIR CONDITIONING EQUIPMFENTS FOR OFFICF

BLDG illustrates the layout of ducts, piping. controls, as well as the site
plan.

Part 2-- AIR CONDITIONING SYSTEM DESIGN FOR OFFICE BLDG covers the

estimate of cooling loads and heat losses, the selecting of A/C cquipments,
and the analysis of system and operating costs.

PART 1.

DIAGRAMS OF ATR CONDITIONING EQUIPMENTS
FOR OFFICE BLDG

This part is concluding 1 tabulation (table 2—1) and 10 dizsrams (figpmres 02—

thru 2—10) which are apparent to readers that the coverage of diagrams and tahula-
tion are quite thorough continuation of part 2.
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