AGROTECHNOLOGY &
FOOD SCIENCES GROUP

Unlilp WAGENING E N [IEH

5 HH HUXQW J XIGHIRUIBZ HEX®E
\KLSP HONVYHMRO

' U/ HR/ XNDXH , U-DQGHNHGH. WP HUGXSSHD

$) 6% 5HSRWQP BHU



AGROTECHNOLOGY &
FOOD SCIENCES GROUP

iy WAGENINGE N [NEH

&RBSKRQ

7 KIVSIRVANZ D/AKSSRIWMG B\

Molenhoeve 17
2182 EZ Hillegom
NIEBERDING VERZEKERINGEN BY  Telefoon: 0252 - 531626
Telefax : 0252 - 531726
. Internet : www.nieberding.nl
Postbus 37, 2180 AA Hillegom E-mail :info@nieberding.nl

qQ VELDBOER B il A K-SERVICES
D AGREXBY. o
il XY
: MARINE & CARGO SURVEYORS - CONSULTANTS--NAVAL ARCHITECTS
e o (B RN specobmesemskenTumsoss  PhONE: +1-9085128215

E-mail: veldboeragrex@planet. nl Mobiel : 06-51430340  Lid NVAE Nederlandse Vere

ven darerische bxperts. Emall; yiannis@comcast.net
Website: www.ship.gr/K-Services

v 5 HH HUXQWIXIGHI RUI BZ HEXE \KISP HQWYHMRQ
$XNRUV " U/ HR/ YXNDIH , U -DQHHEH. WP HJEXSSHD
$) 6+ QPEU

694

' DMR SETDR)  -XH

&RQIG-QIBDNV ®R

23 FRH

$SSRVHGE ,U+/00 0DDV0%

$ JIRMKQRBI\ DQG) RRGEAHTH* RXS

32 9N

1/ $$ : DHIQIHD

7HD

( PDOIQRO\3# ZXUD
,QMOINVZ ZZ D\I ZXUQDZZ Z BHHWIRSRYOD

¢ $IRMKQRBI\ DUG) RRGEAHFH* RXS

$ IR YRRIEFKRXGHD 1 IHVXWE] HXMIDHP D) Z REGHQ YHYHHIRXAJG RSIMMIHDIQHHD IHDARP DNHHG

JHHHQBAMBGR RSHEDUIHP INAQHLIHYRP R RS HLIHZ IlYH KHMMHBNARQVAK KHMMP HKOQWK GRRU
| RRNRILESQ RSP HOR HLIJHBQGEHHP DQHU ] RIGHUYRRID JIBQCH\AKUL\WINHVRHXAP P 1Q) YOQGHXMIHHU' H

XAMHYHUCDQD.BAIHHQ I SUINHINKHG YRRURYHOMHBI RAMDR RQYRBRP HKHEHD

$ QUKIVINANG 1 RTDVR \KYSETDIFOPD BHISFOEE WRIGLODUNISDONAP R D) @M H RAQP MG LODQ IRP
RUA [ PHIYY HERWQE PHKOQEBOSRAFS 1) WIRGQ) RIRKHZINH ZIWKRANKHS IR ISP IWIEOR \KHSEDKHY 7 KHSEDKH
GRAVQVIFFSA) CHONVRIRIEBHURY A IFVQWYPOQCD

7 KHTXDDWP DOIHP HQA WP R $ JURMAKQRBI\ BQG) RRGEAHRH/

* IR VFHWIEGE, 6¢ 6 , QMODIRIIRHWIEDIRQGHYER( ( 69 DFREQ)
7 SGS  \R.62

R < $ IJIRMKQRB)\ BG) RRGEHHHAV* RS PHPEUR : DHAQIHD8 5



AGROTECHNOLOGY &
FOOD SCIENCES GROUP

iy WAGENINGE N [NEH

SWHDOH
7 KIVP DQ<OCY D/FRP SRHGIQDSURVAWIQDER-GEL 1 LHEHAQ) 9 HIHNHIQIHD%9 3XUSRHR
\WHSURVIRAZ DAR SURYICH BZ HIEXE KISSHY/Z W 1Q RUP DIRQDG ROFRYVR\XSSRVWMHP 10
GHAAQ) ROWHUUH HIXQUWFRIQIV $\GHRVFRYHHG DHWWP SHIDMUH [ BAK DUYHON GHURW
LQMYDOUHDAYHKXP LGW GHXP LALIFDIRQ EXE P RGH 1BQVGHHE GH URWAMP [CDINRQ
WP SHDMH WHO RRHUGDIUP DI GZ HEXE \KISSHIVAKHANDANIOG\RP HIQMCHMNVRQ \WH
XHR UHHUFRQEIGHY 7 KHHDHWUHRAGXWR \WHSURWAV
7 KVP DD
BKISSHUVFKHAIN QIWRUI BZ HIEXE \KLSP HQAQ UH HUFRQIBICHY DRKHINQAWR RHS
IRP FRYHIQ) \WHP RINP SRUBNAKKHYZ KIFK GRHYHWHI BZ HEXE \KISSHVDMQARY
GAUQ) GOAQI R FRQEICHY DR LGFOG-GLQWYP DQOM/SSHE[ ,9 S
5 HH HUGHMQIVEXSSRWY RRORU) GZ HEXBV DQH FHCBUIRIUP \WDABGYMAVRQUH HUXQW
\HADIV , CBXWRWHSIRIUP IMRP HIQ RUP DIRQ RO GAMLHGRTP DM GHMCDIRQ DG
P DOXQUWISTHWA 2 XEXWWY/DOXNR DEYVHG XQUWHMGIV DG DQIQEDIRQR \WH
|HMEQVR \WHGMUHGFIP DM
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Fig. 1, schematic overview of a reefer container
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Fig. 2, schematic overview of factors affecting bulb quality at delivery.
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&P DMDSHAN/LP SRVIQNR | BZ HUEXBV
&@P DMDSHWIP SRVIQAR | GZ HUEXEVDHWP SHDMH UHDYHKXP QW 5+ DGHM GH
WE-SHOG/RQWH\SHALY PXRYDUDQGWIIHR @HZ KIEK DSHRAYP RINP SRMIDNQD\GHALLE
\KISP HQAVGRP HEURDG FDMIRUHY DUHIQAFDMGQ 7 CE®

Table 1, bulb categories, typical temperaturesand important aspects.

EXE@ \SHAHY | WP SHDMUH | LP SRVEQADSHRW
@ a f& | \WPSHDMH
\MTS a f& |WPSHDMHHMOGMHS5+ a
SHHQDY a f& | \WPSHIDMH
RKHY a  f&| RWQWPSHDMHDOQGS+  a

$Q$72 FHWEGUH HFRQEICHP HHIVVRP HWEEDG/ \WDNEZ. | RUDJRRGFIP DMARQARAQ
WHFRQEICH) 7 KHWEQEGY/HSHADD [SSO R WHDSHRWR WP SHIDXMUHDGHM OH 7 CE®
7 KHUIXUP HQVIRUS 72 FHWIFDARQDAH
$ IUYHQMMRQR HP SWHRQEICH) DV
9 +] DMODWW P KSHP
IQMODOFRQEICHJYROP H
$ IUALRXONRQIQIGHHP SWFRQEICH)
DV 9 +] DDV P KSHP
IQMODOFRQEICHUYROP H
+HIKWR 7 EDYIQ  IWFRQECHYDV (SRS
GDXV PP 1Q  IWARQECHYDABDXV Sy
PP T
) RUGIKRBVIQWHFRCHY : -
$72 FHWIFDIRQ\ IHD/ D TXCDNV DXXUBGFHRQ DSHAWQRNWFARYHIG IQ RKHUMEEDG/RU
FHWWIFDIRQ\AKHP HY ) RUP RHGARIYRQ$ 72 AHMWFDMRQ YMWW Z Z UHH HWBDSRWO
8 QRUMDMD Z I\ 1P SURSHUXQWHNIRVI BZ HIEXBV AR EHSHINKHG HHRIQ$ 72 FHWIEG
UWHHHY 7 KIVUH HUXQWIXGHH SOIQ/KHUHDIRQ ENA HHQ UHH HUXQWWHRV DG \WHFRQEIGHU
FP DM

2 YHYHZ R SRMEGIXQVWHMQ)V
70EGN QXVVWHSRWEBIXQUYHRILIV DG WHUX\OODQIHY 5+ FROUROKMURXIK
GHOP LALIFDIRY 7CEG!  LVRSWRIIORQ DOWH HUXQWQRZ DDV 2 SWREIOP HIQY WHXQW
DUHP DX CRXMUGLQ\XAK DZ D \WDAKHGHOP LGLIFDIRQRSWRQPDY HDU® EHIQXTBG 7 KH
GHOP G IFDMRQ RSIRQ LY IOWIEDG LQGHHG RQDYDXNDXP EHUR XQW BRIV
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Table 2, possible reefer unit settings and their usual ranges

MXHQR | VHAY WDQIH
WP SHDMH a f&
| UAK DUYHQN a POK& + #  +]
GHURWWQMYBD K$872 RR2))
5+ GHOP IALIDARY a RR2))
I EXBEPRHRQ WHD
- 5+ \H8 WBQH -oa RJ2))
- 1DQ\BHG - DOVEH DKL ®
- GHURXWMP LCONRQ\RP SHIDMUH : a f&
2 XWICHR WLV/P DQXDO

,QWHUP DQG-UR WLVP DOGIACOM \WIRAIK  HIFK QVRXWRHR WH\HALIVIQ 7 DEG
SKTBWU  QVVKHXQUWANCIVD HAMY \WWHFTP DM DOGWHUSRWEGILQIHY P RUH\SHALLFDD
SHUXQWP DA DRMBU 70EGT WOYCE®!  $SSHUE[ , D05, S DG SRIGHWRPH
EDFNIURXQGFDBXOMRYY $SSHE[ ,,, S FRQEQVDO RMMUGDIUP DSRQP HGK [

ADUP RUSI AKURP HIE FKDW7 KHO RBHUGDIUWP 1V/Z IGHD CFA-BWMG D/DWEEG | RU
JULSKIEDDD GBI WHP XXCOMHDIRQ/ENEZHGY EXE \WP SHIDMUH Z HAEXE \WP SHIDMUH
GZ SROQMP SHDMUH UHDIYHKXP LGQW CEVRAWMKXP [AW HOKMDS\ FRQMMADQGGHOMWVR
KPIGOUSSSHE[ ,9 S SUHHONDIGZ HEXE \KISSHVAKHINDIWRUI BZ HEXE \KISP HOV

IQUHHJFRQEICHY ) DO SSHE[ 9 S VDFRBRARQR LQMHMENAKDAP D EH
Z RAWNZ KB RAWHI GZ HEXE \KISSHUZ KR Z QMR JOQ\RP HP RIHIQUWKWOWHXHR WHHJ

FROEICHY

7 HP SHDMUWH
) RUDDQWWHWP SHDMH IMMHQR  1Q70EGI  PD EHVAAQWHWIQIHI URP a
f& )RIPRINQWHUIQH  a f& )RARPHHHDIQWHIQH  a & .Q

SHIAKTEGIP RGH \FWP SHDMBVIERH  f& \XKSSO DUWP SHDMMH ) L] Z LOEHWKW®
FROARTG\R \WH\HVWP SHDMH 7 KHUAMQDUWP SHDXMUHXMOD LY R f& ZDP HAKDD
\KSSO DUWWP SHIDMUH © W | DVIXQQQ) DAKLIK \SHHG\WHZ DP FINERVIQWHFRQEIGHUR
QRNHG\REHP RHWOQIERAW  f& DERYH\XSSO DUWP SHDMH &DIR WP SHDMUHWEHBZ
/P SHDMUHDHRQD \R EHH SHAMG Z KHQ\WHDP ELHQAMP SHIDMUY/GIRS | DUEHBZ \WHVEW

WP SHIDMUH 7KIVP D B8 RAXUGKUGQ) LODGWBDSRWWDAKHS 6 HDXVRDINQ Z QR
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Fig. 3, some of the most common fresh air vents (from left toright Carrier, Thermo King, Daikin).

) BIK DUYHOV IMBMHQR  1Q70EGI  RUMP SO YHQNV DR EHFBVHG XQBWHM BHRUE2
IVH SHAMGR UHIFK XQIFFHBEBIGYHY , Q1 BZ HIEXE \KLSP HON YHMDIRQLY'SUP DU XVHG\R
UWOFHWHUNR HM GLHAEP DIHIQWMIS EXE \KISP HQWV 7 KHP RIHRGH YHQIDMAKH®Z HJ
WHHKM GLHEYHOQWHFRQEIGH ) XDLP IQHAMGWIS BBV )L SIRGFHDEWR
HM GCH 7 KHSHAHOBIHR SRXE® 1Q HAMG EXBVIVXQONRZ Q BXVKHDA® G-5HIB/R)
WRURXIK \RMZY SURUR\KLSP HQM \M GCHEP IHFDAKYSRRURUGR | GZ HIQ) OMURY ([ WD
FRP STFDMRQ GP IHGHWR HM BCHLYRQD IMEBIZ KHQWHEXBVMEIWEZ HIQY

: 5 ' A

Fig. 4, fusarium-infected tulip bulbs.

0 DQGIZ EDANR  YHQIDMRQ MKDAKHFRQEIGHANVIQKXP [GW SUHINQWHIP ELHQVUAK
DU 7 KIVIGRAHDHG KXP IGWIQENHKDAZ R DBHYHH | HAV

IFUDHGCHHGI RUGH URWY DYHBROVEHBZ &

D\P DD LGFUHDHR WHUHDYHKXP [GWIQICHWHFRQEIGH)
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7 KHI LU | HAAMAKHP RWNLIQLLEDQAV, GRUHDHGE GH URWAH | RWDAHYP RUHI BNXHQARUBQIH
SHIRG/Z MRAWRRIY 006G GH URWKHDABINGY [QR\WHFDIR KRG\WURXIK WHUAM QDU
RSHQQ) 7 KXVIGRBDIQ) WHGCH IRWH-G GHFUDAAMP SHDMHWEEDN ( \S |RUKLIKO
WP SHDMH\FQAMYHFDJR @ EXBV WVHIHWP D EHGHP HQBD7 KHVHRQGH | HAMID
LQRUDHG UHDYHKXP IGWIQICHWHFRQEIGHU P D JYHUVHWR SHIAMXP P RXG JURZ\W
ZKIEK P D' @P JHWHEXBV 7KYNQGR E@P DHLVIP P HADMD YMEGIDARULYDD

7 KHIP RXQAR Z DAMMDNOMY RUGDH/ WHFRQEIGHMURXIK YHQMMRQ G-BHIB/XSRQ
\WH YHOMDMRQ\HNGY) DG \WHGL HHFHEREHHQWH CEVROWM KXP LAW LQUGHDG RANGHWH
FROBGHUVFHLSSHA[ ,, S |RUDFDBXOMRQH [P SBI 6HH7E®! | ROWHWSIEDIP BHONV
KXP LGW DFRQEIGHJHIFRXQMY/GXUQ) D\MS RYHUWHRAHIDY 1 RM QJHGHYDARQP D RFAXU

GAUQY LQDOGWIRSRWURP SRR DUIYDOMR | LCBOGWICDIRQ 7 KIVIVAS \WKHDAKHS 6 (| DXV
&ROXNGHVR \WWHFRQICHBORTP DMRYHWWHIH ) RUP RUHGARIY YWVWKHIQM IRNYHZ HEVWM | URP

WHEMP DM IDIARWIAVEHOWH KWB 7277 FG-CRIDJRY FILHQ &RP SR SUQBDIHSO

Table 3, expected warmest and most humid climates flower bulbs will passwhen travelling over the oceans
from the Netherlandsto the U.S. or Far East.
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Fig. 5, ethylene and water intake as a function of fresh air exchange.

7 KHH DAATP RXQAR YHQIDWRQ CRKLVHG VR W XGFHVIIQ EHFDAH
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7 KHIP RXQAR YHIDINRQ G-SHIG/RQWHIP RXQMAR IEHWDAKDY/EHHQEXOYS RQWH
HYCERIDRUARO9 HMDIRQLGFUDHYZ KHQP RIHIEHEX@YXS 6R YHDIRQIQAIHHY

Z W GHURINQMYDD

$ GHURWWP D \BNHIERW P IQAOWY ' XU DGH URWNHIHIV QR YHOADIRQ

7KHIP RQAR YHRMDNRQ G-BHIB/RQIDQ\GHG / RZ IQWWIGR KUK | DQ\SHG WA/
YHOADIRQ UDMZ [\ CERXW

7 KH\ADBIRQWHYHQAIS LVESSUR (P DM , WY GHLIGQHG | RUKLIK | BQ\SHHG R IFHRQWH

HYCSRIDRUFRCBOG XQWXQQRQI DV +]

SRZHAKSSD  RU +]

" HURWOQOMYDO

. KHDWHHY/CSRIDRUFROM SHDMMHIVEHBZ  f& Z DAUYCSRUIUH H/RQWHFRO7 KHIFH
UGB DUAURXOIRQ UMMDG UH WHDARQ FESTAW + HIFHSHIRGE GHURWIY IVUHTXUBG\R
WP RYHWHIEH ' XUQ) DGH URIH UWHIMRQ DQG | DQVAWRS DG \WHFRAQVKHDAG\R P HDWR | \WH
IFH 7 KHP HSMGIFHI BVIQWR DWD  FDBGANQSI) DUGLVADGHGR | RWHRXWGHWURIK D
\MEHZ W6 \\ES

, QWHSDXWHGH IRNQMYIDIWH@R  1Q70EGN  QHHE-G\R EH\HNP DO 1 RZOAV
DAR GH IR EHARP 1Q) DDNDE®! Z KHHD MR BOQMEIHIFHDEVVWHGH LRINQALYDD
G-BHAQ) RQWHQHHGI RUGH RN \HQHG 7KHPR. 1Q1V0 DIQP XQWARBD UHD RQDAR
GH URIZ KIBI&DUH NV QHZ. XQWDOR! | HAMHFKREHEHE HHQ DAR GH URMWRUDX\VHU\HBREEG

I [f HGGH URWNQMYBD

\H/
(,6! f& ,  RERIY
®
A 4 \H/
(26! & y» QREAARIY
VQR
WP SHIDMUHIQ UDQIH N ,  GHURWNQMYDD K
GAUQ) SXOGRZQ
\H
A 4 \H/
WP SHIDMUHRXWDBQIH L GRW PIQDW
RHQNVQRAQSXMGRZ Q
V(R
XVHIVGH IRWQMYDD
RU K

Fig. 6, defrost control logic (Daikin). EI'S = Evaporator Inlet pipe temperature Sensor. EOS = Evapor ator
Outlet pipetemperature Sensor.

) L \KRZVWHGH LRWWARQURGRIIE IRUD'  DINQXQW7 KHXVAV GH LRWNQMYDBOVWH
SUP DY \WIJHJI RUGH URIY  EXWMNYHAURBG Z WK \HYHIBTEX QD HV XV YDIFEBD P LU

VAKHP VKRG | ROMHRIMHUXQWP DX DAMUHY
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' HURWGY LVUITXUHG RAISVZ M\WP SHDXMUH\HSRQNEHBZ & DAKHHCERIDRU
FROAP SHDMHP D EHFRP HISSUR IPDAMD & GZ HAKDQWWP SHIDMUH\ASROQNT KHUTXUG
GH URWQMYDOVDI XGRIRQR Z DAUYCSRXUMBRSR VYR \WHHCSRIDRUFRO7 KHZ DMKDAZR
R/

Z DMURYCSRIDY | URP \WHFDUR
ZDP P BHOADUHQMIQ) WHFRQEIGHUI RUYHOADIRQ
| WHEX®VDHZ HOGIHG EH RUHVKLISP HQAKHD Z DAUHYCSRIMRQI URP \WHFDUJR VP IQP 0D

" HURWARXAAR BHDUQP 1QG RHGH IRWWINA/CERAW  P1Q DABDIV' XUQ) DGHURW
WHHLY QR UH UHDIRQ QR DUALXOMRYQ QR DUYHQMDIRQ DG CH URWKHDNVGZ VIQR WH
FROBICHUWURXIK WHUAMQ DURSHIQ)

7KH WHHMEMQIVAKSSRVWRRD. SXEQKHGDRQ) Z W \KYP DDA EHXHG\R \HBRAD
\MAE®IGH URWQAYDD 7 KHXQEHOLQ) FOBXOIRQIMKRZ QIQSSHE] ,, AKCBMJ S

5+ GHKXP LAILDARY
5HDIYHKOP [AW MKHQR  1Q7CE®  DEEUVDAMGWR S5+ LQDUH HUGHSHIB/RQWH
WP SHDMHHSROAMP BHQVRQAVRYY TP RQAR YHMMRQ FRRID) HI RGP RMMH
SIRGAIRQE \WHEXEV 0 RUWMUHLY/UHP RYHGE. FRQGHUIQ) RUIURNGY DG \MEVHHQWV
GH URNGY \WHHCERIDRUFROS \XBD [QUH HUFRQEIGHYZ WRXWGHOP |GLIFDARQS + Z LQFH
KUKHMWDD | DEZHE+ IWVUTXUHGI RUDVKISP HOAMRGHGHHBAR VHBRADUH HUZ W \WH

GKXP IALFEDNRQRSWRQ
, | DUHH HUXQWY1 WG Z W DKXP 1AW VHORMEHQWHXQWP D GHOP 1A\ R BHGFHWH

UHDMYHKXP [GW R WHDUQUGHWHFRQBGHU 4 XCQMBYHIQLIKWOWHSURFHXVR
GHOP [GLIFEDNRQUNXUAARP HEDIE XQG-INAQ) R DUSW FKURP HARY 6HIWK
777 HIIGHIONERBR AP 1RUSW FKURP HAEY | RARP HP RIHETANJURXQGLQ RUP DIRQ

YHOMDMRQ DU o

A 4 A

H5 FRO

FJRKRG

A

KHDMU
A

LIHUXGL
Fig. 7, schematic air flowsthrough refrigeration unit and cargo hold

, QUH HUXQW Q\HIQX\XBIUFRQAWRIQ) XQW GHOP IGLIFDARQLYSHIRWP HGE\ |1V
\KEFRRIEY \WHUAM.Q DUDQG \KEVHNXHQ® UHKHDG) \WHDUEH RIHMANKSSO-G\R WHALIR KRG
DDQ 6HH) L) |RUDVKHP DIF RYHYILZ. R \WHOUI GZ VURXIK AR KRG DQG UH WHDIRQ
XQWBXSSRHUMDOUIRP 7 5+ f& GHOAR EHFRQAMRHG\R \XSSO DUR

f& 7 KHD! [LWARHDULY FRRBIG DAKHHYCERIDRUFROMIGY SROAYHWIOKHGRZ Q
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IRP SRQV IQ) L] 6XEVHIXHQ® FARRIY DG \WXVGHOP IGLIFDIRQ SURFHHDY DNEZ. @H
\WZDB/SRQN  \MONUGDHAKHHYCSRIDRUFRO, QWD SURFHIMKMHIERAMKXP IGWR \WHDU

VUGHEHGIRP W J N KRURQED) VDWHWSR ) LJ ) LB WHGKXP [ALIHGDU
VUWHKHDMW f& TRP SROVWR 1Q) U BHRHGESOIQ) MWRWHFDIR KRG
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Fig. 8, Mollier diagram for humid air with dehumidification cycle depicted (1 -> 2 -> 3).

%4 VMNQY BR5+ VASROQNGHXP IGLIFDNRQMZ MKHE RQ VR ARQG-QHRUI UHH HBEAMRID
P RMMUHRQWHHYCERIDRUFRBOG UHP RYHINGAUQ] GHURWV &RQARR 5+ LV X\XED GRH
DFRAGQ \WR\WHIRTZ 1Q) RILEV
J 0 \KSSO DUWP SHDMXUHLY GWW\KDD f& DERYHWP SHDMUHVRSROQANIG
5+ IVIERYH5+ \HEBRQMKHD
KHOMY RQ
| BRQ\GHHG BIMIDICY
HOH
KHOMY Rl
[ BRQ\SHHG KK
HIG
1 RM ( DFK UHH HUXQWP DX DRXUHUKDVIWRZ Q1 BR\SHHG RSHIDARQ GAUQ GHKXP IGLIFDNRQ
;. KHR D\KISSHUUHNXHXWEXE P RAH RQ WHQKHP D \GHAL\ WHUHNXUWUHG | DY RSHIDARQ I RUBD
XQUWHHRKCBWI
" HOXP IALIFDNRQKDAZ R BoYyHYHH T HAW
L 1 BR\SHHGLYUHHE-GWR LRUHDHGHKXP LGLLEDNRQ FESHW WHQ WH WP SHDMXMUH\SUHIGLOQ
WHALIR ICRHDHY
$ WHSROQNEHBZ f& \WHH WDLEHI RP DARQ RQWHHYCERIDRUFRGCCHHXMMY P RH
GHUIRIY $ QGGHURIY KD/QHIDAYHH I HHWRQFDLIR WP SHDMU R<TEWU
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)UJ  GEEMKH5+ \FAD SIRFHGUHIRY  DNQUH HUXQWZ W DGHOP IGLIFDARQRSURQ

) RUSDUHJDNG 7 KHP R 1Q) WHSURFHSXUHLYYHY VP IO, | 5+ FRQARQVUTXUAG 5+
\HBRONIG| DQ\SHG\KRXGEH\GHALLHG ) RU7KHP R. 1Q) DOG& DU DO\SHG VX
\HPRIEBIRQD ZKHQEXEPRAHIY2 1 1 RMWDAD\SHALILGS + \HSROQNP D QRAEH
DFKIEYCE®! 2 1\WOWHUHLYDKHMY FESCAW\KRUEIHI RUGHKOP LGLIFDNRQZ KIEK P D EH
SOV EDDGRHGE WHBAQ) 1DQ\GHHG 7 KHEZ HAKHI DQ\SHG\WHEZ HAWHS + \KDP LIKW
EHURKHG DAWHH SHOHR LGRUHDHG\WP SHIDMUH\SUIG IQWHFRQEIGH)

GHOP IALIEDNRQ R
RO RI y NQWHG
RQ
A 4
5+ \HERQN
a
A\ 4
' [LQMWKHG
+ [ HDO@E / >

Fig. 9, dehumidification setting flow-diagram (Daikin).

6RP H\KISSIQ) @HAHP \RRSHDM DNQUHHXQWZ KHH5+ KD/DHWERONIQH  a
MVIFUEEGMDN P D BHUBHUHAHG EXWAMG) 5+ DV JXODDMIWDY
GHOP |ALIEDARQLYDRYHDAP [ FESCAWDY/P XK D/SRWE®! 7 KIVP D EHDMEPIYHVR \KISSHY
Z KR MWZ DQAR \KLS WHUEX®V D/GY D/SRMEG!
7KH UWHHMERQIVAKSSR YWRRD. SXEQKHGDRQ) Z W \KYP DDA EHXHG\R AKHANILL
WHHIMK | LAHQAWKHDIG) FOSTAW 7 KHXQEHDIQ) HONOS, FRQMIVDBXOMRQ/DHGHAIEGIQ

BSHE[, S 7KHKHDILY FAOSIAW\KRXTG EH\AK | LEHQMWR B DUGDAQ) \WHHCSRIDRU
FRO)LJ \RWHAMUG\KSSODU7 5+ LHRPRHIRP R Q)L

YXE P RGH GH URWWMUIP LCDARQ WP SH.DXUH

4 XOUMVRP HUH HYKDHWHEXE P RHRSWRQ IWKHR  IQ7[EGI  DOVKHPR. 1Q) XQW DD
3218 UWHHY DYG\RP HP RUH 5 HH HUXQWZ W EXE P RGHKDHWH\CP HKDZ DHD/RKHY
\WH\RBIGL HHFHIVIQFROARBUR\ZDMH ) L] \KRZ\VWWHEXE P RAH\END) |GZ GDIUP
IRU DNOXQW ) RUSDUHIDNG7 KHP R Q) IMVGRNABDD QLI HIQAT KHWKISSHUP D \GHAL
EXEPRAHRQ RI ,| EXE P RHMHAR RQ \M-QUIDGBIWR \WHXQWP DX CRMUHU RCH
JDQVIFFRMR\EZR G \HNIV

|DQ\GHG DEMIDIYY KUK RUBZ

GHURKAMP LCDIRQ\WP SHIDMUA
GKIBMJ DG HIFK QVPXAWRHR WHIERYH\R R \HALIV
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Fig. 10, Bulb mode setting flow-diagram (Daikin).
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: KHQD\KISSHAGHALLHY/I BRVGHHG KHARP SURP MAVEHE HHQ UHDMYHKXP LG DG WP SHIMUA
\BUHIG 6HH7EG |RINRP HIXBVR \WXP E RQKRZ \RFARP SURP \H 5 HIDGBIWR | DQ\HRIDIV
\XSSD DU SHIDMHZ [OFHGHD® FROARDG\R WH\HARP SHIDMH / RZ | DQ\SHHG\DHY
HHJ\ DG IVWHH RIHDMIPAYHI RUFDUHY P LIKWEFHDHWP SHDMH\SBDGIQWHALIR
DG GRAVIGRIHDHGHOP [GLIFDMRQFSIAW 0 RMHRYHUBZ. 1 BQVGHHG BHBFH/WHI UK DU

HROQHP KB DVARP SDHGWR KK \GHHS

Table 4, some rules of thumb for setting fan speed and fresh air ventsin bulb mode.

MWYDARQ

IDQ\SHG

YHONHMQ) P K

PO GKXP AB BWINXUWG 06 AAJRWP SHDMH\EWG | R

R f&IVOFRHIED OG GWWID P KIWKOU

UHIXIHG

R DAXOO
WGP K

PO D®ZHGAUJRWP SHDMUH\SUHGY  f& RU KL

PRAWID P KIWKDUWXUG DX 5+ KUKHU
\KOD5 + \HEROQAYFF-S\IEGH

DAXBOD UNXAUBGP K

2 \WHMMDNRQ

R DAXDD
WGP K
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" HURWYMP LODARQ WP SHDMUH
" HURWIRIRQ/DUHWP LODAG Z KHQWHP HDKUHG WP SHIDMUHUHIFKH/ARHGH URKAMIP LCDIRQ
WP SHDMH ' 77 ,QEXEPRGHWH' 77 PD RID EHUGEED/FRP SDHG\R WGH DXOWODH
ZKHQEXE P RAHIVRI ) RITKHPR. 1Q) DQG&DUHMH' 77 LVARP SDHG\R WH
P HDAXUHP QAR \WHHYCSR DRUFROAP SHIDMUH ERK Z KHQEXE P RAHIVRQDGRI ) RU ONQ
' 77 WARP SIFGVR KIS FROM S ZKHQEXE P RAHIVRI EXAWR BIMDDUNHRUZ KHOEXE
P RAHIVRQ

| RZ HUGH URWAMLP [CDINRQ VIV Z LOAXINQ BWZ DP 1Q) R \WHFDLIR GAUQ) GHURWW BEXW
MISR IRBDAAKHUANR IEHUP DQQ) RQWHHYCSRIDRUFRANWWUDGH IRV, | IEHWP DQVRQD
FRADWUGH ROVMHQWH XQP HDKUHG  Z LOKZ VHKSSD DUWP SHDMUHGWMEXNRQP D
IQRUDHXQRIAG “: K\ Z RXG 1 GZ HUEXEVUWNXUHDGLI HHAEH LRI FROUROKDDRM-U
\MP SHIDMUHRUMFDCFDIRY L VD YOI TXHIMRQ

, QSUEDIQ) WY GRAXP HQAKHDAKRYP FAVHYHBCSUIIRMRGHY Z KR FRXG\MOTERXWAXUHON
SURNHDGXKD 77 \MMQIVIQEXEPRAH\RPHPHOMRGHG  f& \RPH & D/X\XDD
' 77 M) 1 RHR \WHP ZD/IZ DHR D\RXQGEDYI ROKRHERIIV

5 HHHIXQW/HMCI V SHIP DX DRMUHNSHALLFDD

Table 5, possible unit settings and their ranges (Daikin)

VHAQY) " ONQ/; ( (I
\WP SHIDMUH a f&
YHON a POK#  +]
GHURNQMYDD K
GHOP LGLIFDIRY RQ R CHD@®
5+ \RPHWKISSQI @ a
L GHOP RQ WD
. |DQ\GHG . DVEHDOEKL ®
. BB RO . KRAD/IQUKHWRO
L EXBPRAHRYQ WHD
. 5+ \H8 IQH : VRPHWSSQI @ a  RR))
. |DQ\GHG . DOVEHDOEKL ®
. GHURWAMLP [CDIRQ : a f&# 5HMDS LUHARU
\WP SHIDMH 5$6 GHDAOMQEXBPRH f&

) RU DNQEXE P RAHIV/SWHHRQ32 1 8 BHHYR®

| BEPRER \KQGIRANPIDIFOWPSHDMBY  [&# ( YCERDA2 XBIAS-ANP SHDXHBHOR)
(26
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Table 6, possible unit settings and their ranges (Ther mo King)
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VHMOQ) &55 &65 0 DDQXP
WP SHIDMUH a f& a f& a f&
YHONV a P K# +] a P K# +] a P K# +]
GHURWNQMYBD $872 » a KIU(&b6 f& R |$872 » a KIU(&b6 f& QR | $872 » a KI(&6 f&
GHURWVLL ( &6! f& GHURWVLL ( &6! f& QRAHAWRWL ( &6! f&
5+ GKXPIAIIDNRY a RJR2)) a RJR2)) a RJ2))
L GKX¥P RQ WD
- | BRQ\SHG -+, HRQRP\ PR/ 2 -+, HRQRP\ PR/ 2 -+, HRQRP\ PR/ 2
- BB RO R DDV R DDV - 1 RDIDWKXVRI
L EXBEPRGHRQ WHD
- 5+ \H8 WBQH a RR2)) a RR2)) a RJ2))
- | BRQ\SHG - BWKL® - DOWKL ® - DOWKL ®
- GHURWWMIP LCDARQ a XHDOHE # ( &6 a XHDOHE # ( &6 a 3HDOFHE #
WP SHIDMUH (&6
KHOMURSHIDARQ HBRWE KHDM) ZKHQ5$6 7 HBRNWE KHDMY) ZKHR5$6 7 HBRAE 7 FRQARODQIH

f&

f&

YRUTKHPR. IQJ &55 DQG&65 XQWGH RWMP LCDM/Z KHY( &6 UHRKHY
f& ) RU0 DIQ® XQWMVLY

7 3

f& WIDBBWR \WHP RGH

UXE P RCHIV\EEGRODOY KHP R, 1Q) XQW

FRP SINRUFSHINFOKRAYIQWNIGR ZDXREEN KRAY
7KEPR. (Y0 DIQ@ PORCOTPH FRDILQINIGR DWVEVPHIQQ IVH DRG \R-\PH

(&6 ( YCRDRUKROSHYR) YA \IPIOAREDUHN  HURIY HEPLIFOGHDR

f& QIR HQP RCH 7

NG R IQNWZ KO@D EXBY/DHAK ST G\RUHRY ZKHAKDS IRVPD AU HI 1 RIK( DYMHIEQR 8 6 GUQ' HF) HEU
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Table 7, possible unit settings and their ranges (Carrier 69NT 40-XXX-XXX)
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iy

VHAMY 17 [LI 17 [LI 17 [LI 17 [LI
WP SHIDMUH a f& a f& a f& a f&
YHONV a P K a P K a P K a P K
GHURNQMYBD HDA® K HDAO® KRU HDA® K K$872
$872 RR2)) 2)) $872 RR2)) DDOEGRY | XAHDAWRR2)) DMOOEBIRY
\RP HXQW \RP HXQW
5+ GKXPIALIEDNRQ a RR2)) a RR2)) a RR)) a RJ2))
L GKP RQ W
- | DRQ\EHG 1 RVAND) 2 SHIDIRO 1L 1 R\AND) 2 SHIDIRO 1L 1 RN 2 SHIDIRO 1L 1 R\AND) 2 SHIDIRO 1L
5+! 5+ DOWVOHKLIK 5+! 5+ DOWHOH KUK 5+! 5+ DBOWVOHKLIK 5+! 5+ DBOWHWHKLK
L EXEPREHRQ WHD
- 5+ \HEg WQJH : a . a : a . a
- | BRQ\EHG - DOVEH DKL & - DOVEHDOEKL & - DOVEH DKL & - DOVEHDOEKL &
- GHURWWMIP LCDIRD a a HDA® a GHDA® a AHDA®
WP SHIDMUH XHDOFH& # ' 76 f&# ' 76 f&# ' 76 f&# ' 76
KHOMJRSHDIR) HPRME \XBW# 7 2 HBRAME XBW# 7 2 HPRME \XBW# 7 2 HBRAME \XBW# 7 2
f& WRSV# 7 2 f& f& WRSV# 7 2 f& f& WRSV# 7 2 f& f& WRSV# 7 2 f&
(FRERP\PRH21 PHXRQY/ULANT 7 f& 7 f& 7 7 f& = WHD IDQVEZ HOH IBQVKLIK

) RUSDUHUXQWEXE P RGHLYDQRSWRQ SUMHNROXQWR \RP H\KISSIQ) GH/RQD

AP SINFRJUQIP HKEAVIQXNIGR ZBORBN KRAY
&DURNDARGHRNDARP DIYBD DORMKHGHRAQNIDOOWHIIHEREH) D5 K ZW\KHREVIRM-ARDZD VWP RAFD [IXQFHEEG [WP \WHHCS RO

, QOOE DU M IMAKRHBDY 77

f& PD EHORRY \WDW

&

SDUHXAD'  HURYY HP SHDMB-6HIR) PROMFOWHHTS FROBGGP HIRPHDXUHRHHTS FRONP DX 7 KAMFQRIYXKE RIGH RN LQDIFD WDEBI/R EXEPRG-R) R
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$SSHE[ , HONDS\ FROMINFDBXOWRQIRUGKXP  FDSCAW
7 KHKHDAQY FOSCAWR DUHH HUXQWP D EHIQUK | LRHQWR UK \WWHGAWHG5 + \HBRIQAT KIVLY

FOQEHFKHANHG XMQJ HOXDS\ FROAMNDBXDIRYY 7 KHHOKES, FROMIAR KXP IGDUVILYHD
B

H =T*1+ X*(2490+1840/1000T)/1000
ZI\
7 Q) BEXE WP SHDMHR DU&@
; DBROWKXPIGWR DUY N@

6RP HWSIFDDYDDHVIQUHH HMBRSR YDA

7 f&
7 f&
; J N
7 7 f&
|®GZ P K
|®GZ P K IDQVKUK\SHG  +]
X etum = Xauppy + Worouce 3 N@
rem - TISPRY 1000 FIOW,;oypagon * 1.2
QN K@
3 N UHUHDMRQFSHW# +]
3 N  KDM) ASAW#  +]
B\NEV

&OBXOMHONDS. FROMIV R \WHIDP EHQAYHQIDIRYD DU XMQ) HIQ
SOBXOMHOKDS FROMIM R WHUMDDU XMQJ HIQ

&OBXOMHONDS FRQMIV R SRQN P I[\WWUHR WM QDUDNG YHMDMRQ DU XMQ) WH
UDARQ BHE H-OQ YHMDIRQ DG ALFXOMRY

flow :
circul
irculation * Hreturn :N_ NJ@
+ flow,

ventilation

flow

ventilation *

+ flow

ventilation

1 amb

flow

circulation

 flow

circulation

&OBXDOMHONDS FROMOW R SRQV 7 5+
5 HIGGZ SRQMP SHDMHR VHERQNRP 0 RBHUGDIUP RUP RWIME®IDNG
FOBXOMHQADD. FROMOMY R SRQN GZ SRQAMP SHDMHR 7
( QNID\ WGRNRQUITXUGE. WHUWHDRY G+ 424
( QNS IFUDHUTXUGE KHDIQY G+ + 24
&OBXDM3 XQ)
P =dH

required

*1.27* flow

circulation

required /3600
&DBXOM3 XQI HIQ
&KHINZ KHKHU3 '3

HJ 3 N 3 N QX [AHQNTSIAW
QKHNZKHMHZ ! 3
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HJ 3 N 3 N QX EHQNTSIAW

An3 1 3 DG3 ! 3 * \WHDWHGHOP IGLIEDIRD
FCSCAW\K | LEHY/
([P SO

T,., = 27°C

Xamo = 209/ kg
H, . =27+ 20* (2490+1840/1000* 27)/1000= 77.8kJ/ kg

Treturn = 21°C
X return = 1Og / kg
H e = 21%1+10* (2490+1840/1000* 21)/1000=46.3kJ/ kg
ﬂowcirculation = 5500m3/h
flOW, . iy = 200mM°/ h
=290, 278+2°%0 453- 474K/ kg
570C 570(
T, =20°C
RHSp =60%

Xsp,RH:lO(% :14.99/kg
X,=0.6*149=8.99/kg
H, =20*1+8.9* (2490+1840/1000* 20)/1000=42.5kJ/ kg

T, =20°C

X =8.99g/kg

Tep =12°C

H, =12*1+8.9* (2490+1840/1000%12)/1000=34.4kJ/ kg

H, =47.4kJ/kg
H, =34.4kJ/kg
dHrefrigeraton,required: H1 - H 2 :13k\]/kg
H, =425kJ/kg
H, =34.4kJ/kg

dHheatingl;equired: H3 - Hz =8.1kJ/ kg
I?’efrigeraﬁon,required = 13* 127* 5500/ 360(): 252kW
P eatingrequirea = 81 1.27* 5500/ 3600=15.7kW
3 N 3 N QWX | EHQNCSIAW
3 N 3 N QX IRHQNTSIAW
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$SSHA[ ,, Z DMILQENHDQG UHMXUUHE GH IRMWQMYDAQ UHDARQ

R YHOMDARO
7 KHZ DMUQENH: B YHOMDRQLVILYHRE

Wiiake = FIOW epgiaion * 1.20% (X yp - X

ZI\W

& YHOMDMRODUI GZ (DMP  K@QEHWNEHEHD O P K

X 0P HEHONPRAWKXP IGW>J ZDMJ N DU@QNSHID XSV J N

X WM QDUIRRAMKXP IGW>J ZDMJ N DUQNSHXD IQWBQIH 2 J N
HJ
W

int ake

)/1000 >N ZDMJ K@

return

=60m°/h*1.20kg/ m** (20g/kg- 7g/kg)/1000= 0.94kg/h

7 R GAMP LGHWHGHHXDY GH URMNQMYBORKRRHWHDBZ [EGI P [ [FH DFRXP XOIRQ
GAUQ) WHWIS WSEFDD P [FH\KRXGEHIERW N DQGIR®Z ) L

\HY/
N7 DRH f& > | RGHIRNRUQMYDIVEQ) D/SRNED!
XR
A\ 4
FODXOM: HIQ
\ 4

FX¥P DMADJRVZ DMJSURGARNRQ: >NJ ZDMJ K@

A 4

AHERWQMYBD PO IFH

Fig. 11, defrost interval decision tree.
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Fig. 12, example of recommended defrost interval asa function of ventilation rate for a specific case.
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$SSHXA[ ,9 1GZ HEXE \KLSSHJV FKHINDW

BKLSSHUV YHQERUV H SRUMIV FKHAN QMWRUIBZ HEXE \KLSP HINQ UHH HUFRQELGHY

UHHUFRQEIGHUGR HJ 0: &8 >@
$72 WIS \WO@R
&217$,1(5,163(&7,21

GDOQKRBVFBIBIGRSH) []\H/
YIMEGIGH HAWIQ FRQEIGHUIQIHJRURXAMUZ DY \WOR
YIMEGIGH HAWD EDYRUEXOKHIGERMP SDM | [ \W/ [ R
YIMEGIGH HAWR UEEHUGRRUIDNW \WOR

FRAMCHJFBIR QMDD []\H

FROBIGHUSUHRRIY R\D []\W[] QR[] RASSTHES
5(()(581,76(77,1*6
WP SHDXUHHERQN
XQUR \WP SHIDNUH\HRLY 17& 10

| UK DUYHQNFNGY P K
GHURNQMYDD [JRI [] DWR KRXY/
UHDMYHKXP LGW\HERQN []RI
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EX@ P RH (JRQ[]RI
GHURIWMP LLDNRQWPS 1 $ UL EXE P RAHRI f&]1% QRASSIHE®
&$5* 2 ,668( 6
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VM GHAUSWRY
777 \WJIGYCH MBRSRWWG RP DIRQ\HYIFH
777 FRQEICHKDQEFK CGH FROEIGHUKDERRN

Z7Z EDDYX@JIRY KE  FROMIVKWW O | &RP P HADBH\RUIIHR ) AW 9 HIHEEGV DG
) UG 1 XUHY 6\RANY

7727 SSHEFRP SHIMKTE®ISURSFHH SRIWRQURERDG

777 PDHINIHARP @N "SDH BIRKXU | U WHDMG\HYIEHY JHGHIOHH HUQ RUP DIRQI URP
H SDM RABHYIEH FRRBIDFV 0 DN/ ICH

ZZZ WHHWBQSRWWO © DHIQIHD8 5 \IWI RUHH HOWBQSRW
$ANQRZ OGIHP HOW

: HWON 1 IHEHBQ) 9 HYHNHIQIHD ZZZ QHEHAQ) QO 1RSSR XV CRARQD | (CDGADD
LOSUSIIQ) WY UH HUXQWJIXGHI RUI BZ HIEXE \KISP HOAD RURYHUZ HWDBN HOERHUS JUH

. 6HYEV 7KHPR. |Q) ' DNQDOG&DUHI RAMHUNGGFRRSHIMRD

" IMFOIP HY
- DHQQIHD85 $)6* DOGWHDAKR YR QRATFF-BNID TEOVIRUAP DIH/RURWHVR

Z KDMYHUCDMUH WDAP D UAXOVALHA® RUQAUHA® 1RP WHXVHR! \WHIQ RIP DIRQFRQIBIGHS
QWY GERRXP HW

< $JIRMKGRBI\ DOG) RRGBAHF* RS PHPEHUR : DHIQIHD8 5 R




