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Abstract

This translation practice is based on Chapter 11 of Industrial Drying Systems:
Guidelines for Agriculture, Food, and Wood Products by Smith, first published by
Springer Nature in June 2023.The book comprises 24 chapters, focusing on drying
technologies in the wood, agricultural, and food industries. It offers comprehensive
solutions to the challenges in current drying technology applications, addressing
aspects such as technical difficulties, social impacts, financial planning, and legal
compliance. Chapter 11, which was chosen for translation, centers on the global
application of industrial wood drying technology. The translation of this chapter holds
significant value in enhancing public awareness of the wood drying industry and
promoting the adoption of safe operational practices.The text is characterized by an
informative nature, aiming to convey factual information with precision. It employs
extensive technical terminology, and frequently utilizes complex sentence structures,
including nested and fragmented sentences. The chapter is organized around
procedural steps and flowcharts, with a logical structure and formal language.

During the translation process, the translator faced several key challenges,
including the precise identification of drying technical terms, the clear conveyance of
complex sentence structures, and the maintenance of the logical coherence of the
chapter’s structure. To overcome these challenges, the translator thoroughly
investigated the meanings of technical terms through word extension and reference to
parallel texts. Additionally, strategies such as segmentation, elaboration, and voice
transformation were employed to handle complex sentence structures, improving both
clarity and accuracy. To ensure coherence and logical flow, the translator reproduced
the original information faithfully, clarified reference relationships, and incorporated
connective words to highlight implicit logical connections.

This translation practice significantly enhanced the translator’s skill set,
particularly in the verification of word meanings, the clear communication of complex
ideas, and the preservation of structural coherence throughout the chapter. Moreover,
the process underscored the importance of continuous learning and rigorous
verification in translation work. Moving forward, it is anticipated that this experience
will serve as a valuable reference for similar translation endeavors.

Key Words: Industrial Drying Systems; drying technology terminology; complex
sentence structure handling; logical coherence in texts; translation

techniques
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F—E EFMHEI
1.1 JESCARIR

ARV PR S BN 15 AU SCAG 56 B RN A4 U T RE 5 X Smith B AR AR
FAECDAE TR G AR B AR SRR « 1245 T 2023 4 6 H HiEE A H
9% (Springer Nature) 1EFHIAR . %A BE BT IEI ARBTG5, #TR3C
A EVE AR o

Smith /E AN TR A, HIPOVAEREFEE 2R, B ARH] Tk,
ARG ARG SF 22N RBEAI, MR 7T 5T R TAE. AF#AMY
T E I R ERR S, AR IR TV R 22 Gt s it T e L H
IT F7 0 R AE NEAK TRt A0, g1k AR, Haert e aiatT
JRBULE BRGNS 212 B o

(Db TR ARG Aol BEANURE] R TER) — 15/ Smith ZEHF T SKERT
g5t BRI DI TR ARG, SRR =G s
BV WM RBEFE IS H . PR SEA PR R e 3 R 7%,
B A N ERAF ) S AT AT U SONISRS,  DURIS TG R A - M Bbii. TEiBns
TR, BN SGERATI AL, B AE TR RIE. BEH, &2 78
UE, ZPMIEHSCEAR . IRRESCIE 12948 7, TFEBIRE T2 -L I8 SCER

1.2 JECAFEAN

AASRE - HL AN AR S AT E B DAL TR SR, A
BRETAEE R EEEAN IR AN S RE LR RE N TS LAk, 5450
ST R BT AR UE R TR AR, ABE TN SR 2Bk
AR AT TR ARG ILIIEOR . ey GBFANE R R R i s

£

ARASH R ST IEBORIRRE AR GRS AR, A B fliG 2
g0 DL AT IR BV s TR RS BT ERERE. 1FE IR
H, HE=R AT AT B R e 25 B AR Bk, TR, F 2RO E A

1



LRCTRER AR 3

WA ERTERT R (WRRE. B, B, PR, REEh. SieE2)7
M BRI R, R MR G .

A UCEHUER A+ B ESCEATRL, IRARITSOR DAL TR ARG N 2 ML
Jitile ARFSL 64T, Hirh 12 R BT RAT AR Bk R 2 4
LRI IR FIRBR B B ER - 3-4 VRN TR AR @77, A
FEIEERT T RGN A B BT, IRl ST AU . 5-6 VR4 A
AMFRRAPRA. WRTE. TR, B IER. AREH . SRR, F
BRas I, REKN AR R . AENFRIRS T A TRER LSS
Ve, B SRAL T EPMUBRE AT A RS 2, SHRTHRIBERE TIRIER A T AR
TR CE K.

B, AP RS AN BUBE R TR0 TR YRR,
EBARM L AR AT R PR ST S E BRI AR 2R .

1.3 KRR

HoE W (D TERARSE: Aol fRAUREImIER) —HRE, i
BT SAR, TR RS A 1. wRedfEd, g
e B T ERAT ML AT A R A B AT 2 07 EIE,  DUR T SRR T b TE . TR,
BRI S R TR IS, 2 — AR RIS IR, i 5 Ja i
TR BB BUE 1 Btk

HIR, FERIERRER LASETT . AEACTRIS KT mAE . e i ia ks
SORUBII BRI, PR R B RS AT R DT Z 3 RS Ml . 7RI —1d
FErf, BEEIRN TR SCETR SIS G, RGBSR S EG N, s Ay
SCANEAECS A EARTE . RIEESTRICARTE AR . BRI ) BRI DL
Sl E AR A5 . CEE AR AT RS D, B AR B SR T Sa iE

e, AZESCANASRIUI RN 1 R 2 R — MO BSE 275 . A&
TEIATIREH, R KRG, Nk TSR AR, s TZHRA
HRE X EHEBTHRN SRR R TERBORKIEAE, N HAESCRR Tl
AR08 SRR B e I SLAL A
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BE FHIHER

AREESEER T, PERTHER I BOR R B EEAER], S 1 BB E AN E
Y, N SESEPREIRE TR ST Rl . LR BT AR R iR, fdE
SRR T AT SO B R AR M 44 0] B AR L

2.1 CA RS

FEREFEThRE L ORI EIR IR e iR, LR « A (Katharina Reiss) JT
QUMD NL  SORTHRE Vg 5 B SRS R [ R 2R HHR I =4ESCA Sy
RS DMEBRENFINEREEAOCAK (Informative text) + DIA%IE FHUIH
JEAIZOINFIETISUA (Expressive text) PLI DL T SEERAT oA A A E R SOAR

(Operative text) o X —HISHERUR /R AR SCASERIAEAZ by H ) _EROA 257,
NIRRT T SCRDIREM RGNETEIRTE T, (B30I, 2022: 12) $T T
VTR GOOR R ZIs FIRHIORTE, RER) SEERAER A, REHHA
K HGREF DR AR T, O E TSR g, e, 65
PR ARFERI 732K, ZCANE BRSO . ERCAE R s R 5
BRI WETCIR S MRS, BAETRAE . HERMME A EOR R . ik,
LR

FEHE BRSO AL BRI DL R RV R RIBUE S
JEUN, BT PAT R R A L SR SORSHERS L, S5 SRS T L E G, BIRAR
TERPERIRL AR FESS R SERHERTEIR I, SR PREM ERG)K, 2
PR B A R, BT ASHIRTHE BARERCR, ORI SCEAR
R g s r] s R R ER . FAE RN, S SAREERE. R
ERR. REFRIEE— BT, MRS Z R T BGE S B, 52
BEHIUFESCARIESE.

2.2 “PATXCAER

CPATIOR” AETT Sl AR S AN FEIE R R SO R L FESCHR, eE
LW REA WA RVER R TER . WIHTEAIN S, AT SRl 5t

3
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ERNGIESURNBARIUEM SRR, BT, JE-PAT ORI SR s 54
MRS TS SR E S8, Reis A RO BI IR RS IR SR S0 3G 17 H A FAT 3L
ANGE R R IFR B SCARTE HARES PR IFRIATEN, NI M@ &R N B
TERIRA SRS . (Judith W, 2005: 23) XA E SN LHIERI S Rt
TERREAME SRR, BECRBRE AL IR, SURTHRE SO SOARIE L -

N T RIS BRI AARTE LA 2R e S % 30,
BATRIE LA AT, B E SRS ORI DO TAT AT VR R, A% —
FRHVE TN RGN A B A ARENE LT X eGR4 B 2R
7 5 RIKGHEN (TR LMY « KRR GUARTHHAR)
PAKTHATEGRE ] M TETFMY Shoc %3, W TRBoR S E by
BUEEAE, G Abhishek Kumarlf]) (I IRELARKEZE)  (Superheated Drying)
Saptashish Debf] (XFiii T/EIEE 5RH)  (Convective Drying) o Hrh, HCZE{E
KRG T TIRHEAMCIHRA S TR, SMCEZNERNET T EIR IS5
WHERE, TR T AFERE BRSPS I e AR ok . XSS PAEAMUN RS T4t
R RANR, Bk T2 EPEEE B AR B ARTE R A, L
UITEALBRBLRARTERT, PRI, AR SR LIS A0 BT s B A THERL
ETA R ARTEA IS AME LR . B0,  “Cascading” —ir], BI{ERESS
REGEMHEE X, EAETERR FREARE, SRZ L. 257
TSR, MRS AR RN ERSAY, MRARVEE. FEELX—RE, ki
BRAE BRI B, AMURFE TR, W5 B BRI .

23 PFETRIEFEULAREERZ

B, ATURIEREE, fn (BCE GENUO ) 5 (CREHRE) &%, R
B AR EE — SR BB XA B SR 1A 443 & SURIARUBUR
BRI T VR IORTER . X PIRECEE, THRTARES LA LR
PRI AR (1) — SO ATAERE, A7 508 G DR P A 22 11 3 SRR R R

FR, FELGRIPERAT, )2 Chatgpt SCNKIRI RN T, RIRTHRIIERCR 558
BRI T . BEURR, RUE R AEATE T T L 1 RS THE
(ELEBI I RBRE,  HBRZ ST RN EANE 5 XA 2 R 0.
Ut AERI SR BRI R A (R, B Ua R DR A IS R, Rl R Rt AT

4



LRCTRER AR 3

FFAMIRSE, FEE PRI B T REAE L M B IS TE , WA BORE W DL 2
2 A SR R

P, ST SORIGEE, VT A TRV, I “Springer Link” |
“YEREIEE” DL “Nature” %5, H89 T KRAURITTAT LA, KA LR
TREBURIEI U, 4 %4 7E A SRS BT T BB %

B, VRS M 4 T R, ST DA M CNKIET RIS T
H MARERET AR , TAEEE AT, P R R AEE [0
WAL M, ORI EONERI L. (RIS, 2024: 14) [N, SEEE
BT R, PRGSO AR L T AR AR 4. X R
G SR T 4 AR BRI, A B T 2 R
(.

gr A, BT TR RS B . IR
NAHISCAR . BERTPATSCA . SRR T R k44 R R 2 4
et THPERARS TR, AR SR O T B, A
57 PRI LIRS ISR PR
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B=F Rt

FERIFESCER T, PEHIBR] SR AL JREE 2 MOINE T LU, fEIL
PR R AR DAV L, FREEIL LD B0 L i L e i AR A I L) L o BL AR B3t
B U B P DL N LA T DML RS LR TE AR B A A=A
B IS 2L GE R TR R R b, Bl AT R
SR L, ARAEESE 5] I SO AR TE R 3 B A AR B RO ) Y
PEUL BB S e e 5%, W OR ARSI 00, $RTHEE 18 B AR, ¥
Hl I R AUE B AR AL R I 1 A iR 1 B

3.1 THATAHBOAIC R

FERHIOCARIE, C AR YE SR SRR R B . (5 B ARIERL
FNE bR L B RO & B MR RS S R AL, R
FORBHE B BAR I A O o AETRAT AU, P AR 2 T ARTERTALATE,
A T ARE S S EBRM TR AL AR RN, KEIZHRRE SR
PO ngangial, S RIAESE, B RN T iR A AR B R N AR
BV, HAA SCHECNEESRI, 72 A Sl SR b R S DI RS, BRIt
T SRR . AERDGS SR b, BRI T PR i

3.1.1 “FATIER g Xt

B S HA TG R, R SCAS AR 0T . AE TV ATESCAR S, RI0 A H
AHERHE, X5 EAARERRI S TAHE. PATIER A S T A it
THHL.  (Khoury Y O,2024: 22) {EFHBHATIATER RS, B KA T AR
#ERfEL . o, AP RN AR B SRR T ZFaIlE T ARE
LTI A EATIR I T ARIERIR, BRI B s %, Ko, &
AT HEEE, W (TSR RN DY (BUARTERAEAR) 4. X EhUsigs
B TAT A SRR S R, A B TR IR NBRARAE A, AR
EiEL.
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#1: The airflow models were for establishing the minimum required airflow
CFM through sticker openings for quality drying.

WIVE: AR TR i AR O P 5 (R B AR (CFMD 5 BAER &
J R IR

B AR T S BEAR R T R AR AIC AR (CFMD AR (R
Jo R R TR

SN TERIRERT B, B JCIBI ARBTEL AT ) “sticker” MURARE, KIMHAE
BHEAT R RN “BEER” o SR, PEEHER] BN B SRR,
HESCH) “opening”  (FFID LRI X EIFAICEL, HtiX—RE AR GG, b
Ja, BEEAR (WIS GEIURO ), KIN “sticker” HIFH=EN “ME4K” ,
JrzZ AT ARG, s g, AR, BEEYEDEE LU BT
SRS R THING P bR 2 BN 28 IR/ NFLERGERR,  F TR R A AT

SRTTT, FRRIEIRERS, BRI “IS4RR7 B —E RS, (RiZiRdsh= 2l
Ve, ARREHERSATE L A, DDA 2R I P MBI SCER . B RS Aa L
EPATIERL BEE IR IE STIERPTER ORMETRTI hids. N
BRI S, BT R B RESE R TE TR B K E 710 b, BB
FRBEAR I3 B AN DT 1A BSR40 R TGRSR VA IR LRI 82 14
KUHE” o (A IE, 2017:42) fERLA]H, K “sticker” ¥R “FRtR” , Xk
SESCEg AR T e S R T R MR AR R (CFMD LA
PRI SE 8 BB T BRI R TR A R IO T RE,
B orbadkl, 519, MORTSIRER ST, EE Tk HIEC

$2: In essence, as one jogging loader reaches the end of its stroke, a second

retracted jogging loader picks up the load and takes over from there.

W SEBr b, M5 — Gt e L TAEITRER, B aiEEid
A F UL IR IR A4 v 6 B B Ak SR 1R
OB bR b, 45— A RER S ERNL E L TAEATRERS, 26 B3 ELe

Ak LR S HE 2 7 B Ak SR

MM FERIVERTEL, 1RENE “jogging” BN i, X—PREAFEIET
Fop s O (A ) B S TRl “jogging” fUF SO “IEH” “RRHE” “h
a7 VUL “SARGASHITBETIE” , XSRS R A — Rz 18 HOELERIZBIRES .
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Rk, #EEVIDH “jogging loader” B “IBiEUCEEANL” , I NELRGRKZE—F
V751 W U S e (L E s

FT FRX) “jogging” SR XML R, SR, FERE—BHERGESS, B
BRI P R BRE SR TS —EwmE. FECh “4—6f
FHN TR TAEATHERS, 55 = SR8 AL TS RPIRES & gk 2R L 31X
RINZ B TAETT 2R Bt AT, JRARM “BHE” pri sk 18ia3) .
XA B TS Bt s ESEE I EA e 25 .

NEAERIIEAE “jogging” FELNVIERHIE X, WESH [ PAT0K (T
WHARNIGEH) o ZSCRP KT GeRl o BHLRR .« B AR bR
JENLR Z B ME U JE L. (E B JENLAIRL, g, Ve, EURMIEDE RS
SERRARAR 2 BRI BT o M (8 OB TR IEN L B S ISR LA SN T i e L%
B TREUIIENL” o CBEFRTT, 2008: 52) Hiitk, PEEBAH “jogging” BIEN
“rEIERER” RS RO TR &, S R S AR Tl A
e

%513 : Essentially, Cascading dryers consist of several single-stage belt dryers

connected in series, and their operating principle is the same as that of a single-stage belt
dryer.

WV A L, RERINTIRNL 2 AN s B H 1 3 gy UL e, T
1R RS gy ST R )

i A b, B TFIRNL 2§ BOE R SR g TR,
AR 5 s gy TR A o

AT W PR R ZEIE TX “Cascading” — ] RIS AU B PR
TE (AR L) SEiih, %A S A SUZ A (LR TR I ZRIEO0,
HPEF W TR0, AR Pk CORAETE SRS Tk ek s bR e |
M ELhit, TRRHE— P 2 Lk B D B E S TR R . A3
“single-stage belt”  CHEZEarRD , FULEHER “U” 5 B FSORFFS

WL RN KRR E (ARTREAR) AT SOR, BEPFF T KT
“Cascading” 75T ATV A IV RYERE . 12 AT “Cascading” H IXFERIHIE
“SU TR T T BRI TR, HAEREAS T A
TR R EHEE 3 & N T AL TN FRIE TS, R85,
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SRR B «  GBAKRE, 2007:22) FeTF b, B “QialT@bL” 1B1EN
“Zap TN, A5 JEC “single-stage belt” (PR ) AHIRRE, VR
ML A ML ATU R 2 X

3.1.2 ETEEFE X 5| H

L IE X5 B ERTE S KAy, FA B B AEAR T A
FUE S A KIREZE 5 A2 RSB . TP SR I RA T A e 4T
NP, HEHEZ R 2 E4EERBIE.  CH iR, 2023:32) BB “5lH”
FETEVE 5 AR AR bR SO R R A S, DUBE & R H bRERIE 7 K
FETIRATIV A, HIRESAUHAH AR Z AT, ST RS S 1R E 40 R,
B LURS T R TR, I 5 i B BRI, DA sl 7
NS B R 2 Tl S

4. Package flow: 1-way, 2-way, shuttle action, shotgun, batch, continuous.

VIVE: AMHEACIRRAR: SRsl. SaiRs. FR5s). a8Esl. M.
[ RRATLAL T b,

BB AMHERCFRRE: FREN. WAish. FRES. B, Habe.
[ RRATLAL T b,

GriT: ZABIEZMPRNR SR, AR SR AR kL T e R S
BATHI . HAZOEEHIA “Package flow: [#E1], [BE2], [(#303]...” , bR
BN R R PR S T R, AR TESS,  “shotgun” 2—FRNIIZE
g, EHFHE SO “Eite. e kit o ETRmIRES R, EIE
SRS, B BRI AROER. B, BESREGA B ROEIER
75, #4 “shotgun” MA4TR|SH AR EIEARS A, A BOAR R IR, ek
LR R T EARNREhARE AL B “oriesh” .

BT BT, BEREHERIFEETIRATI SRR 5, “shotgun” ik
77 R MRS SRR, BRI T RSO e 35 2 Tk
TEE . AR EA, AT RS CR . Bk, “BUN#E)” X BRirEAT
B HERC M, RIKFEREE.

%15 : Package-handling methods: fork trucks, transfer cars, cable and winches,

pusher devices, package jogging devices, roller beds, rail systems, carts, trams.

9



LRCTRER AR 3

VIR AMEEELE L XE, FisZE. SIS, HFSE . A HERE
WIS E . RER. UERS. FHE. Pudbs.

B APHEBANIR VL W, BB, SSAMLAT. HEATRE . AR B
ABE. BEK. JUBRR. FHEE. Yusg.,

ST RIS “Package-handling methods: [ 771511, [J792:2], [
3]..” , HH “Package-handling methods” & —/M441AfHE, R “UIRbIE A%,
A FHIZ OB FGFIA N B BRI B B 5 Bl 0. 7E 9 e
5, “package” il R WS E—RINYISAES . SRIM, TETHAT
WINPT, #E# “package” BEFHEFN “HAACHTNEL” , BAEFH FELLE
WG, AHSRR ot B T AR AR, RS HERIHE “package” 7EIZAT LA
RISBRP IR IXF AR AT RE S EEEE NERRR, T H B AT s
Mo dbib, “package” M SUNARIEHAMER QZE N B IERE AT EI R, EAREEA
AT HP A BB — 2 A B A

Kk, # “Package-handling methods” 1A “ARMHEALIL 7L TR
X —BIEAMXAER B T “package” TETHATALARISERRE S0, BIACH R HES A TG
BARTEAH, SERH T AMHE N TR AR P ARG M I B . SRRy 2 T
AT SR ZI R, AL TER T T e, AT T ARELERH SR
RS S Tl

A, ST W S T B AN B 2 R R R R AR
SETRSLIANE, BRSO S AT b . ERE LSO R, B
N 70 4 it FEE AR ST | R TG S s, DA RATLEER,  FEEE IR = T

3.2 RAAIXARBIFER 20

oA R P BB SRT . ANl R mEhaE s o AR
AR R B R AW 2, ARRTRE AN T RS SRR EE . (Cail, 2024:
2) A& KELSHE R AN TUMMRENE G0). Wi, IF51F
1T, DABIREAEIRETEZS . EIRNAIRE, NN 7 8RR . ARkt
FEr, FEPRRRET =RYEE: R KA IRE IR A A LU 2 I
TRMWERAA T ETE SCRRANG ;. = REENESET ORI E RV R, X
Sl B 235 SO SRR 2 & SRR HEAR IR . BARTI S, BRI T LR

10
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X} RS
3.2.1 KAAhE: o8

FESCEESOAR, g mid B AU IS 5%, BRIBFIKS), XRp “TE
FICR” AECFAES P HE AN ZARTERAAI. SR, 8T 307 SO SRR
TEARRHIEAAEA 5T 22 5 — HAZ O MM MBAE T35 BAR SRR HEIE 5O RCR 1 oK Ak
W (2024;16) i, BRI REE R A) BRI B “iEARIE 7, TEREHE
TG BARIERME 2. B, R E AN, BRI IRE, DA
T2 TB M TS A5 S5 S B AR R

#16: In addition to the previous conventional jogging types of product loaders,

such loader systems can also be designed for a parallel pushing action in which

the motion of the products passing through the dryer simulates a true continuous

flow by “cascading or ducking-lug”actions.
WIPE: BR T HIH LR &k s Nkl R i as oh, XREBN ARG FEEER D
SV kL I S —ANEIERESRENN “ ESMmE slhrzh "

ST I AR I (0 IR AL, AT DL I R R ) IR 3 A G A B
HIBHKL R AR PR G F A E BN+ 20RE . R T R R
Gtk RTRedE, T E A E) PR T XM A A SRR SRR E) .
VIVEREL T B BE, #3055 58058 E WA IR, BUER) T ICK B2 iR
Filo [EIEF, “RBUN—AEIEMESRANN L mE sz 1 rATHESITh AR
X—RBEHZRNEA), ST LM ATEW . XA EEE (by
simulating...conveyor functionality ) 1% AR FEATIE LA K By, FEFESUER
TKIB3 VRS TE A H, AIT=AAE B I 3 1), §2I T3S T s S B AR
JZ.

ML, BCEREBEE, B IRAIFH “in which” 5] S H)21EMNAIAT “by”

11
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515 1077 SAREIR D A2 A TG I 0 A, SR AARAL 2B e BN R
WLERR T e B, IR AR GRIRE 0 LT e oe e, FERXMPBETE R, AT 0o,
KRB IEL e, SEEAE 7 SR, TEMTIRIE TR ARG B )
RHRI2 s J7 2 AR Rz sh i) s BUE SR AN« LA SE R 1 A 1 AR AT
W, 3 e R HERIAN A A RN, B OR 07 N R BRI A 2 1k

%17 : Moisture Tracking Systems: This is a process in which the statistical

averages and standard deviations of fiber moisture content, specific gravity, and

density is tracked by species, tree diameter, age, geographic harvesting location,

time of vear, and weather— at each of the following processing centers:
WIE: IREBER RS XE—MAIHM. WAEZ, Wi, s RO E .
ZFHHMRSER

ST WR)TEER T, JRA) SRy EA)HETE WA+ ZANIRE R . 320
“This is a process” FIAF @, EWHMNA] “in which...” 3 — LUl IR BAR N
e WIEBRARELTE, BAEES RS ERAA, ¥l EKRiE oi
iR D) BOMNMBEEGEE (R HAEZ 53RN (FKR, E.
WD ARG E T, EEEEL R, RO ETAEN, SHEkIT
KHA G BeAh, VIR 2 ARG B HEMIZE 2, REeAIL “ 24—~
AT 7 ) PRER 2 A

ORI 7y B ) o R T A I A U B R A, e i E A gl K
CONFIRE 7, R S 28 B Rl I R KA, ad il A A R T K A 3
AN BB (R GEE S~ W P 25 — 1B B4R S — AT 20, A BB 5710-20
DT FFEFSONTIZE . X AE T AR S ARIE RS (Gutt, 2004)
BHESCA KB SNGEAE ) “ B/ MAFISS I JE 7 o kil « BARIE ER 7 s A HE DA
TR 5ROV R E R, 0 YRR R, s
BHEMTVE . 15 S R A L.

51 8 :  Also true is that during the last 50 vears, the entire wood drying

12
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industry has been plagued with hype from aggressive dryver salesmen and

“experts” about modern computer technology and what it can do when applied

to drying operations.

orifre BERONER MBI AT, A Also true is” SRR, FH TR “true”
X —H, IEHIEF NN “That during the last 50 years, the entire wood drying

industry has been plagued with hype... is also true” . %1% M %) “that during the last 50
years, the entire wood drying industry has been plagued with hype...” FE4HHfiid 7 A
FATFIRAT 52 305 R EAL R N

VIR A ) TR — AN, S EUE BHER), Sl REH 0, HER
AN . AN, WIRERRRIE I A) T A5 TR R S B 0K, RAEWIRAIX 7
“WolRB E 0 B “BX” WS RE/RS DT ENEAR R B30 H A
wAL” ZIEMRR, B AETET

MR, s mTER, G EE08, KEA R REES N
AR ATWZEE M SR EAA R, & RKEARNE, 552 R E I
Mo B2 AL OME R— AR TR RS REA I o B, otk
UL K E AL BRI — X 2 A s R B SR LR . 5,
FLARULI ¥R TR BT RE S I R Al i F R A a7, DA
WS REAERNE . WRITEEIE 7“8 SOEMTE RN, Jb T 88 rA R fde,
i e 5 PR IE R RSO A% OB B

B, VLEEAS R B Bk, KR AR A 18] T A MR 2 A T
T B o AN G )L RIS SR R, B T )T I AR A R
X FR 7 ERF G S0HE B RIA ST, ek 7K A HERIAN A A A A
DR 17 PR 25 PR Tt 1 A 2 s

13
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3.2.2 AR BiE

TR BRSSO, B RS IR B R RIA T 3, 0T R
FAEE BB AR, REE ARG R TSR EUER . (BERS, 2015: 1D
BRSSO, BRE A USSR AME A RS S
e 2IA T EEEE, RS GIESE LG4 ERBELS, #RIECS AR
—H GREE, 2012: 14) ETEATM ORI S, RS HERIRM, NARYE
BN ST IR I R, A X, HeE S MEE, R b .

%19: “Progressive Kilns” A misused technical term in drying, none in the USA,

and is also a common term used today in Europe, Australia, and Africa.

WIvE: W — MNMETEAT I R R AR, EXRERE, B
Fe A RAERKYN ARG RN FEINE FH ) — A5 WARTE

B Wz — NMET AT R FH RS, R EERA R
H, ABAERRI S BRI SE AT AR A 2 A .

rfre FERIRE AR, XLl G AR IR, PR R AT AN ELU IR
AbER,  DURAORAERRER AR AL IS )5 S0 Lo “none in the USA” 1E i) (115 X HE
R JC R

MIAEIREE K S “none ™ 1 ] T~ 15 € 4 € S BN, 455 “a misused technical
term in drying” [FiEEE, FIEARALLALE] “none” F8ARMIZ “MENHARIER R H]
WIEOL”  TARZEAERE A, P19 “fERERA” BEE, S BB
e R AR E A XM A, W2 RSO L AL AT RS BUE B A iR

ONBEG R, PR TR EAT TR SCHE AN AR B B SC s e o e it A
e MNMETRATAL PR HRORTE, 7ESEEBA R, ELERK . PAEA
AR R R, ERERHAL L 1 RS0 S RIS 1 ZRTELEA [F]
FAM X Y SEBR IO, 8 iR A

%110: Because of this, one can go into many wood product operations today

and see disastrous conditions around drying and energy-conversion.

IV BRI, ISR NGEBEVE 2 AR SIRAE, #REE B TR E R
FEREIRDL o

B B, AR R GEREF 2 ARBIRBBIE T, #etE I HREESEE

14
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BRI PR RERRI .

et TERIREH, PR B PRAEAMLE T SR, EAEE R IR
S SCPETCAS B ) 1) R, REAA 52 T LR R e s AR, b PR AR i 1A B R Bk

B, X “wood product operations” X451, EEAMBHIE A
BEE” . SRMZE A5 “one can go into many wood product operations”  (fEAa] A
BEANAKGN RERIESA T KRG, “ARBIRERAE” RIS SURTFI R . 250
WP CTT7 i, KRR RIS A A, ER A
ST “IHFTHAT N BN GERE, DT T B T R s ) AR AR

HK, “drying and energy-conversion” ¥J N “ THEAMEE R KRS
PRILX —HARIR T LA . “drying” fERARMIN TR TR, AR &
“CERBRERMAI)FLERE , BAER TR Rae RIHE A B
SO A AE B I AR R ], ARG TR I T R K
REVR A, e RGO IS AR VEARRAE , B RGN 2 H TR RN e B e A% T mT A R B
PRI ), [ B G 1 1 S

%111: Thus, all investigations of dryers should be conducted_at the dryer, not at

the final product moisture measuring systems.

PO DI, TRALE B A R A TR LT, TIARERSRK T &R
4.

e BELUE, TRALE BT R AR AR AL A B AT AN R Bl 2K
w W 22 Gt Bk

ST VIR T BSORA R, (AERARIE LEERE. BT “at
the dryer” , WIBEA “TETRHIT” o NBEXAR LR, X—RKIBRHHFHMRK
ST R ARG B GESEs, “HHATY 5 TR $ARC, ToiAE R
L T 5 R AE T HRALER AN R T, 2B R T, IR WS E 5=
[, AR H AR . SO N, B EREONE . DU TR
PLE AR R B g 1 NI S TR L IR AR SRS, RS
BSMuUE VIR . R “ N E” Bl 28 T TR A BB RO 1, 558
PRIl SRR G, AT REIS I ORI BUREE T A BB 24, AR )™
i#.

UEAh,  “HERMERK R RGHEAT Y, MIERRTES . “RAMERG” &

15
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HHR—ATH, M LR T2 R G AR . SOFg i “IR
e ORI RO BE 7, MR B I e T, MAE ARG A S X
—RBETREARNKA I G ERE . AT HREARM RS, K& RS
BB R TR 1 AR PR PP Ak MR A2 X BT R BUCEIE (1 20 s B, BL AR
A R T RALAIPERE,  2E T et G DR IR ANTE T 51 B A Al 22

B2, BRSNS A Ros R B T 7RSO, e 1R S TR M, 1Y
50 1B SCR B MV PR AT SCAR [ T B, A RO B 1 SRS AR TSR 1 5 3 R W 2 i)

@o

3.2.3 G Bk

SR B E S, B ANE SR SOAR T R D e ST RAFAE A
DAl SR fER) “be + V-ed” S5HMEZRMANEKIEIA R, Halliday (7 “ 2 HALER
W AR, AESH TR REFEER LR, RSO 2 E AR B
PEERET. (B3, 2023:16) SR, ENEESAET, Baker /£ (EIPEIAKIELIR)
R, FINESH HHEF-IE-ZHEF T LN, R (E B
PeTt 22%. (CRERE, 2023: 12) £ T FERE AR, FENESFEFEAAEZE
TER], EResbsm ) 7 RN VERE WL, W SR Ak, ST T Al S A o
G ENSY RN i

5 12 : The volume of water expelled during the initial heating can be

calculated if the initial moisture content of the wood, the specific gravity of the

wood, and the change in temperature are known.
VIR SRR KR, A 0 e AR R L R, B
S E K& Al DA T

B AR DRURM HIRIAG 5 K& ARSI L AR L2244 TR
AL KA R AT KE H.

e ESE, WIS T REIESS, K “are known” BN U, AAF
EHRSCREAN, HIUKARREIRSH (=R R SEa) i, &3
HRRCEE, REFEIIARIS A . AHEL, BN 2R ARNRARIRE, RS SCER
B, BRI 450, IR, e R B .

HK, WBE A b, W1y “Hlian#ad FE  HEK B R AR R

16
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DM R, R T RIS e, S ELSS e, B T
B BB . ML, BN TR AT LAZE R et R e Bt A
PR . A AT H < TR, MR T GG TR A -
172K OIS, BRI TE T SO N 5 Tl e«

51 13: Time, motion, economic, and safety studies must be conducted before

selecting which type of drver product loader configuration is to be used for a

specific drying operation.

Gyt AERIEET,  “BIE. B0E. ST e A HEEIAT X —RR
KH T HEAES, RIS SERATE « R, ESERRI DAk R EORRAE
e, AKHE 1SO 5600 ArifE e T Tl TR BAR KR RNE, RIS 0@+
TAEIBHAIBA A7 57 B AR St O 544, 2024: 32)

R, fEckiEd fEr, IR« TRRIT A 75 EHE T ). BE. &
Az LTI NARANTIAL” o @i R F3ED, JHEETTE R4 “ TR ]
BA” 5 AT A4S SE TR i A

X — IR HENE 5 Baker 7R ANEH IR LIS O AHRF o B IR SR H, Uit
BN 56 B BTN , SISO () AT B AT R T 22% . (53 AR, 2014:
13) KRR “ TR R EE, AOOEIG “NFn IR &
W, B TEEE BAE B AR, SRTFBOR SO A48 PR R 12 1

gi bRk, FANESRTE TR AR BA AT ERIARE. 7E5E
DUBESF R ERE ST, WWEHENESEM BT SR SIAR L ASAIESR, (2
AR SR e 2 B 2 I R R AEAE DO 15 858 5 51 RN e 2R A o AH B
N, FENESMRIEEA BT HEMFGDOENM I A, 5T E Ak,
MR T 1S S AL B

3.3 REMNERMEEMN

FERHE SCARZED e, R SREE (Explicitness Strategy) [1F)iz H &

17
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RHEE, Asscher (2025:45) i, HUESCALFAEY] B AIEREEWN RN, 5%
AL B ACER, W25 R AR B . 358 I 2 R A S e ok E A% e L, XA
B EASCAR CUEF M. WAREI SRR R. SRR, SOERHE S
ot T I R B A O R AN B2, T DU PR SRR 4 A A U7 R Se B R F
XFAE o BT IR SR SRS R R, BRI A RS, R
MEFRAR bR —F BRI 2. (Mitchell AB J, 2022: 15) Baker fEi3
AT AR, B N B I 45Ty X RAGBR R s L, BA
e H AR B R E ST

3.3.1 AR R B

FIEENIE GRS, ARSI Il A R in] L E R A IR L
MWEIERIETE, SCIUE BB A . A, EaEERMMZ ZR0E
X E R, A0 5 et Gz (] (156 B 9% F A AT 52 30 e b 1k A 42 2%
PE. (Yuchen X, 2021: 18) #Eff M8 80¢ R RE 88 A R4 B7 1h 3 tHBLE SOy
B OB BB IR A R . Rk, fERIRERE R, B /R B A RN 9 SO AR ) 4
KR, RFF LT ORER—8ME, B OR 1R SR IZ ™ 2 P RS S TE 3

#5114: ADE is also related to effective package width (EPW). A dryer design that
has a large EPW will have a higher ADE than the same dryer with a low EPW. For

this, especially in softwood track-type dryers, a design that includes multiple tracks
with reheat will have a high ADE.

BIPE: 2 UMIERE (ADE) SHFORMHUESEE (EPW) RIEMHK. X1
[R5 TR AT F A BORMHE B8 BEROR R BT AT /N AR HE 58 FE vt 7]
RO I 25 AU RO . R, R R IEPORBE T, SR 230
FIARR G BT 7 RS B E 1T ADEVE R e tx

B FAIEE (ADE) 5HBRMHER R (EPW) RIEMHK. X1
[R5 TR AT F A BORMHE B8 BEROR R BT AR T /N AR HE 58 FE v 7]
RAF T U IR AR . BT R, R R AR HORPUE TR, RA]
LR IR G BT T7 R A8 L E IR T ADETERETER .

3. “For this” HHH AL B MR R BEOEBER 8, H “For this” Y
Wb B 72 ST VR 2 5 A S R M 5 8 A T B o W) 1RAG “ For this” 19 “ Ak,

o0

o0
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HEERERTCRIR G R, EAREERACHAE Ny “iEHTERR” 1% 0 D) Rt —BE 7R i E
HISC “HEKEPWHI 2 FFADE” WA R, N5 HEC “ 280 Emkiit”
(R BAR S T 58 o IX PO AL B 3 BUZ AR BE A R VE TR, 130 TR AN B Fig AR
&, EH TRHEOCR “25” JRI. - (Sweller, 1988)

2, PN “For this” By “RTUbJEH” , @ tbRIR, LWy
=AU o, BRI AR EE F AT ORI EPW 5 ADEIEAH S AR, K
A AR YR R N DOE R A 4P i BEZ bR id, 74 Halliday
(1976) “fFRRil AR RFEAZLAT ik, =, “HT7 — e 7 i
AR FMEILAL, ¥ “For this” M1E FH D Rg M ERAE PR BEOCHRBR Mk g « 345 =
ST PRIESR R, HREOCE RN, K=, CJEE EARIEE, BE
TRIFT 5 B “BROARMHETRRE” R RER” G S AE — 8,
SGEIRNCE S AR T B0 IR — N IRE” (RE SHESE.

DR AR LR T R IRFE AN G A AT 2 ) U, 3 3o A A3 A 0 RS
CPRIRRAE” Ay “FLg-RH” EHARER, AR SCTERFERME SO
PERIIEES, $E5R T HR YR ) 5 N RCE

#115: Severe global demands on the planet will force all nations to set minimum

standards for energy efficiency, pollution controls, and safety. To do this, we need a

system of equipment design codes for all types of wood dryers.

I A RO M IR TT IR 1 708 75 SR B8 T A [ 2K ) a8 BRI AR . 5 et
2 477 T I B AR . A, FRATTRR 29 &M R B ARM TR @ L — B
WA IEAR R

PUCPE: BN H ER TR 708 75 SRR 18 S i S E RE YR R L T Y gl
A2z 477 R ARPRE . RSEBX— E AR, AT EA S FhSEB BAR M T L g
S ERA WA R

IR MAE B RREHAMERE, “ONIL” fER$E U, FAREB0R T2 B0,
TR AR AT 75 T SCA B DI RN « L () BARFT 4R, X TCEEHG N T ER AR A
1M “REIIX—HFR” WRBGHE AR, “X—HR” BIE “HE IR
R TGP AL AT T R R ARARAE” , BE LR AMER, [FReE M ItEdT G
SRR R, IEWEA A T 0 B R .

FER R RN EITTH, JRIC 6l AR AR 5 Gedss il A2 4277 T 1) B fIK
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PRifE” 5 “EBSL-BERABOHITIA R AERTRBRRCR, wrEENETR,
Ja e SELE BRI T B SR B SR — AR B T IR R R,
S5 RE G AV B AR ) T Rl ) N B 3R . ML, W08 “ itk BRe iR IlAR:
KEZ, (HAEHFRRZHE EHEARL, SERTFRESS BT RN, Sk
iR B 5 TERIK R, AMCERGHGRE S0, B 5 T3 52
MIERfE, B PR FEAE SGETT

5] 16 The specific gravity of wood affects the drying rate and the total energy

requirement for drying._It is also a measure by which the total possible mass of water

can exist in the wood and the dryer.

P18 AN EE E 0 T FE AN TR T i 1B B R B R AR AT AL
R BEAEAE A 7K 73 Sl o B ) — Fh B

AU s AR (1 Y SR M T PR R T AR P 5 1)
THRAL R AT BEAFAE B 7K 73 S i B Y — R R

ortfre AN, e R AR e . ATEVR A, XA IRAT
EOIE ISR, EAER GBS, GRS R AL . SCRIE SRR
BN B, 1 2 MR TA] 7T A8 2 5 10 3 A2 B b AR A5, 75 22 (el 9 i SO AR
ARG, 1IN 1 BRI R .

EOREEI S, AL R B RES  FERIEERHS ORI, 323 =
ERERTT, A G BN AT SCER AR, wl ] se R AEAGR e . B, ALk
firf, 58 BT RME “RRERY , ATEHBSAEAGE - CERRELAR
MAT R T REAF ALK B R — MR, XERERHE, 2™ET
PEEEFE R BEA R BB, L2 T BERE RN 5 SRAH OGP A B AR

SRR T Db i e 1 I R, S R R R X en i, B
TAGRE g, R R—H 7R, B A MERE R € AR UA A,
FE A TR SCRIE R PEA B RS L A B T B TR B A ) 1 3

ZR EPTiR, WA R IR R 1RSI LA 5 1k . e 2o e 1A
FRE SR R S R R 0

o R4 EEE R ARBF AN

Gl

0

3.3.2 ZHEEHEEN

FERH R UK, SO RITE 5 A TEE 7 03, SR 2 RhiEik
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AR T BORM @8 3 5% 21, e rp il o0 28 40 TR sy P8 MRy S8 1R AR 251 3L, AR
JE SR R BB, (B, 2019: 16) ST FIRIEPOEF LM 257,
PR RIS R, BARPRIREE R XK RANY < 25, IFARER
AT S A R R AR B, 17 o 75 1 30 3 4 ) B AR N 0 A SR AE A A
U, FERIPESREh, P TR R R B, DI RER miE TR R

%117: In high-temp drying, the dry-bulb temperature controller set point is kept
between 212 and 250 degrees F. In southern pine high-temp kilns, the dry-bulb

temperature entering the packages can exceed 250 degrees F, depending on the control

scheme used.

WPk« AE il T4 e, BRI AR 28 1R B AUORFFTE2 125125048 [RFE 2 [H]
TEFAAA R AT, N HE IR BRI B2 T AR 25048 FC X kT i
HOECE g

VR s FE el TR, TR R ) 28 1B RURRFTE2 1228250 8 R 2 [A] o
AR, FERAA SRz, 3R AN HER T 3RIR BE v] DU 25040 (R, (X HL ik
TR A A T %

e ESCR AT, R RER T iR TRE T, TR
PRV, 58 AR “AERPE SR (RERamiR TR E ), TR
AR H XA 7 o X BLAETE B B R AT L. B m NS Xt 5 T, 5l
NI RIS “RT 7 EHEPR N0, T ™ B P R O &R, A
Eap AT LB NN RESI VYN €SI kT 7R Pk e 2 2

Fi#, #E% —AJ “depending on the control scheme used” 1FN—AEiE1E
WA, HIFER TR BRSBTS R, TR VEA—A SRR T B 5614
YR, WA i X A —— R T B R B0 1 7 20, #EAK
MHER)FERIBRE A A v REEE I 2504E IR . [RItL, ICARZE & T — Pl dr g 48 ¢
F, BUREEE SO TERIB A L A bR, (AAEARFE S T A RE R A
A, FTLAZF R EHITCR, MRS, ORI CHan “(H” #Raw 2
R MELEAL, (E 155 T 2 48 T iE i ) 1 .

1118 In essence, as one jogging loader reaches the end of its stroke, a second

retracted jogging loader picks up the load and takes over from there. This action is

followed by a third retracted jogging loader. For the first loader, now fully retracted,
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picks up the load from there, and so on creating a continuous-like flow of products

through the dryer.

VIR 248 & A E s Eb L e s TARATRERS , 58 — & 3L O A T 46 0]
FEAIRAS IR AR S EL . 3 =B R BRI RS R A = T — L7 . F
G R AL AN GE B B0 5, BTN TAE B oi e N . an
b, PRI RRRFARIEAT, MR ORYDRHE TR R G SR S

BF: B, U G IR E L e RO TARATRRR, 28 AR BN O A
TH ARSI e RSB L. 36, 3 = SRR B IR R R 2 T
—LJF. BJa, Fow GRENERBESFIAGRR R0, SR TAEE W+
FUSCH RN . ik, B S PR AR IEAT, B ORYDRHE TR R G0 b SE g 4R
B o

i BEETEVIREI RN, RAETIRORM 72, KRB B 1 A TE D BRI
o AFRBTEL G KL, JRSC “as one jogging loader” “a second retracted jogging
loader” “a third retracted jogging loader” SEFR_EFIA T &M I PMERN 77: 25—
ERBH BTN, 36 0 TR RRar RS RS, B E3IE
efgik. L, SORERI CER” HE” “BUR” FRIEFPAE, KR
BIEACRVUPIERR: 1. BEERITR—2. B afrmiEE 3. =8 R aEm
—4. HEEEAMME, TERES AP RN

s B B SRR B B A M AR B B 5] S, @i BALE T bR,
M IR = 6 W& R AZ ML o [FIR, s SRt R 250 (n
“URRIF AR “EALINE” D Mo RS AR, B E SRS 1 5 T Rl 3 1
FACA PRI RS AL, B A DOERAR R “EFHE" MERIE I,
N ¥ & Halliday R DIREIEVES “IFRIZERE” agFbmid )i,  (BRZ75,2019)
B, BECEE BRI BRI RS T, TE D ST R SO AR -
PR T NI LB SCARMESS, BB T 5 = 1B 4 5 BRI ROR .

] 19 : ADE is an indicator of the degree of design engineering put into

convection dryers to improve the overall electrical and fluid stream efficiency. To do
any ADE study properly, be sure to use the correct units for the data in your

calculations.

FI%: ADER M EX i Tl sert AR B R, BT 52 m B A4l st At
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IR . HIRADEWT FURI R AVE S HERA I, 35 8 TH 5 rb 8 A L i it SR A

B : ADESE TSR RIS TR B4R bR, L H BRI m R s
AR . 2RI, EZFHIRADENT TCHIRL A SHEmPE, BBAfE T Hd et
W25 P LA ) B AL

e IR T BRI R S0, F RIS 2 O SR AR RS MR AR R R
B0 SR TIRZ IR BAL, B, W R TR 39403 “to
improve” MIKIRIEAIVE, RIAIADESEbr 5 RCRRTH BT ISR R B
o “HHEMR” WRADEFR IR 5RCRE TR B IR R, xR RS “to
improve” HJIFVETIHE

SRS ORI, A B R e o D SR, KL= IR, B
PRz ORI = GBS I 7S SCBERAF I Z 7 25 AP R AR SRR G e
M)« BUEWHFARNEM TS (FRA LA « BT BRI E
(Rra PR o AR I a5 M B AN RAGE IR O R, RS I B DA A AE 4
Ptk oy AARiE R B AE SR TR A R o AR SR I SCE R, S e TR
RA P R O P 1 R

S, VR N NEEARZ ARG e, A UEST IR R SCHERR Ik 4% o AER P AR
BN SCESE M R E R, ROV S RAEAERSRAE R B AT, ARSI
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B —:

R 53X

Source Text Target Text
Chapter 11 +—F
Solid-Wood Industrial Drying Systems T SEARTHRZES
11.1 Global Drying Industry Standards: | 11.1 £ERFERITIARE R 2 BRITEFE
Why We All Need Them TRERS
The Unregulated Wood Drying Industry A& AR T 1547k

The notorious history of the global
wood drying industry is a case study in
technological jet lag. Furthermore, the entire
global wood products industry has
historically lagged the rest of the world in
both evaluating where it came from and
where it is headed. Even in the year 2023,
after centuries of achievements in science
and engineering around the globe, the global
wood drying industry is still mired in myths,
misinformation, disinformation, significant

financial frauds, and endless drying and

energy problems.

S BRAM AT M 544 R 22 1) R R
RSB K &I 5 I AL = 45 o LAk, A
A BRAM P2 AT MVAE VEAG I 500K Sk Ty
[61) 77 T # B v S5 Tt S A e X B SR
2023 4, fEABRELAA TR B 20 ot
ZJG s RKMTFEATIATIRIRFA T B R
FE BIEREE ERERMIKVEL LA IE
) A A0 B U5 77 T ) i 2

Even in the year 2023, defective

hazardous toxic drying systems are being
installed in manufacturing facilities all
around the globe. These mistakes are due to
erroneous beliefs, misinformation, and hype

from equipment salesmen, pseudo drying

BRfSAE 2023 47, ABR& ) i B i
PRI IR R IH HEH B TR RS X
P47 2 Bl TR 015 & AR B ALK
B s . DRIE TR o B A
BN G5 KE AL IE B, AT AL AR5
JUF- A SR A B IS o
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experts, consultants, and management who
have little or no formal education in

engineering.

In many lumber manufacturing plants in
operation today, one can still see the same
mistakes being made again and again. The
costs to the industry and our planet from
these mistakes will be with our children for
decades to come. There are numerous social
issues in wood drying that require our
attention. We need to understand today, not
tomorrow, our mistakes and what we need to
do now to lead the global wood products

industry in the right direction.

HHTVF 2 AR 0 L) 3R 5400 F (5]
FERIEE IR o IXEEHHR GG AT W ANHBER AT R KA
s = FFEEBT, mERANN TIN5
o RMTIRGURAFAEVF Z AL ST, R
SHEFAT I E AL FA 72 LR RE E 2
IR, JFALRRIBUAT SN, 51T BkA
i AT YA T3] IE A A 7 T

We all need to understand that we now
live in the age of global warming and major
social upheavals will soon be upon us all if

we do not prevent them now.

PA AR ], BATIAE A AL 4 Bk
AR MR HII A T RBATANSL RIR B ft ok B
1k, ERAE S EE AR Pt 2 Bl 2 BA TR
A& L.

11.1.1 Health and Safety Issues
The drying of wood is not without
serious effects on the health and safety of
humans and wildlife. Wood produces
numerous toxic and carcinogenic compounds
during both burning and drying. These issues
should not be taken lightly by industry, the

public, or our governments.

11.1.1 R %2415
AR IR 45 o8 N S AN ET A2 Bl 400 11 1 R
22 A I ARBA T R A TERRRAN T
fd AR R 2 R S ABUE LS .
X ] BN RZ AT A A BURN
R

11.1.2 Protection of the Environment

and Our Natural Resources

11.1.2 (RIFFRFRBATH H 2R BEIR
JUHER, 2R R — BAEE
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Scientists around the globe have been
warning us for decades that the population of
humans on the planet is dangerously high,
and the demand for wood fiber is growing at
an unsustainable level. They have repeatedly
warned us that the time is near when many
billions of humans will be confronted with
limited resources and high costs of fossil
fuels and wood fiber. Furthermore, we have
been repeatedly warned that these events will
cause massive environmental, social, and
political problems around the globe. If we do
not collectively confront these issues with
viable solutions, it is a certainty that the
nations of the world will be constantly
fighting economic and military wars over the
control of the planet’s diminishing natural

resources.

AT, HiER RN O E2IA B a8
J&Z, I HXS AR L 4E (1 75 3K 15 BAAS AT RFEERY
I AT B G AT, B R
T 15 A BIR P B8 JEURT s 0 P A A RRE AT AR A
LFAE AN Z R 2K o Rk, AT —
PSS, IR B N 5] k™
A A MEGE ) WARBATAIL
[F) T X6F 3K 28 i 80 3 B D Sl AT 1 R 5
G 20 5% TR o SR AN W 547 A L 35 ] 2 i
/DB B IR B T EAT 2 A ZE S

11.1.3 Advancing the Wood-Drying
Process Through Industry Standards
Although improvements in dryer
designs have occurred during the last century,
most commercial wood dryers today are still
perceived by many people as just big hot
boxes with fans. One can walk inside a new
lumber kiln today and see little significant
difference from a kiln designed 50 years ago.

And although kiln fans are more efficient

11.1.3 B AT AR HEHERE A T IR AR

R E ML ROR, TR
Fivecitt, (R4 Kk 2 B F A T as D528
WEVF 22 N A i A KU BRI - e 2t
SREGIRAM &, RAFE S 50 HFRTB
TR 78 A R B DX o SRV B MR R
J AN THRLEOAR B SAS P4, B4R
R AT A, AT A T 2 A RiTS
R — ML AT RBUH I .
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today, and computer technology is now
affordable, lumber kilns are still perceived by
most people in the forest products industry as

they were a century ago.

Up until engineers developed modern
computers, and the long-delayed acceptance
of this technology by the wood drying
industry, milestones in dryer designs have

been few and far between. Also true is that

FE TR R BACTH FEHLZ 0T, BLEOKR
T ERAT LA I TR AR R RE 2 32 X T A
A, TS vy T A K AR A 2
Wo FsL b, ENRE 50 EH, AR
TAGRAT MY R 52— e POt YR TSR LA 4 D%

during the last 50 vyears, the entire wood

HAR “ LR 15 REALRKIF . A1 >

drying industry has been plagued with hype

s i I N EEF AT SRR, USRI

from aggressive dryer salesmen and

[ T PR b o i i S I AR I 2 4

“experts” about modern computer technology

and what it can do when applied to drying

operations. Some of these claims are, from a

scientific viewpoint, totally preposterous.

AN AL

One example of this is the claim that
computerized multi-zone kilns use 45% less
energy to dry lumber. Another outrageous
claim is that it is possible to “feel” the
moisture content of lumber inside a dryer by
waving your hands through the steam leaks
around the door of a dryer. Claims like these
raise serious questions about the motives of
people who would make such claims. These
days, like in the past, there is certainly no
shortage of junk science and hype floating

around in the wood products industry.

o — A7 B RR TS 2 X sk A
fEH] 45% M RE R THRAM . HEH A
FeiB I Ui 2 Il AR T ERALT] A B 7895
MR AL, FE B TR TR A FE A (1
BKE IR F W IR T AT R E BB
RIS W4, Augid & —FE, AR
PR AT T A Z 58 755 BB A AT A 1Y
Bl¥.
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11.1.4 Junk Science: What Is It?

Those who have experience in the US
adversarial legal system are aware of the
conduct of experts retained by trial lawyers
and insurance companies. These experts,
most of which are prostitutes who make their
living catering to their client’s needs, have
developed quite a reputation in the insurance
community and the courts for promoting
“scientific” theories that are in fact carefully
contrived junk. This is where the term “junk
science” comes from.

In the forest products industry, there has
never been a shortage of junk science or
hype, especially in lumber drying. There are
also considerable faulty interpretations of
junk lumber drying claims by people who do
not have the analytical skills or experience to
decipher junk from true science. The entire
global wood drying industry has a need for
an agency that has the duty of sifting through
the hype, and scientifically and objectively

sorting out the junk.

11.1.4 BBl 2

IR B B2 R N HB B
FEREITRN RIS 2 =) % K AT R o 1X e
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EOSEN TS, B R
7 B SR FR R OB . X2
“HLRRLE” iR R

FERRT= AT, TG H R A A T 152 40t
o, WAZERIREEBISE. o, %
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B BRARM T IRAT MR T B — WL, B
TROTHED AT , Kb AN L IE R AT R 2
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11.1.5 The Need for Global Dryer
Standards

Today, wood dryer designers and

manufacturers are not bound by any industry

standards that prevent the installation of junk

11.1.5 £RTIRBEEZPER TR
U4, A1 28 8 U A ) ik i I
ANZATANAS B 37 3 15 48 22 B8 AT ML bR 1HE 2

K. R AR AGEHEVE A b
LI AR BT R
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equipment. Because of this, one can go into | f-7E[FIFEEEIR I o

many wood product operations today and see

disastrous conditions around drying and

energv—conversion.

Equipment engineering and safety codes

developed decades ago are frequently
disregarded. When safety interlocks fail to
operate, plant electricians often bypass them
in the interest of production. When process
controllers fail, they are often removed or
bypassed. In one plant that I recently visited,
every safety interlock and every temperature
controller on two lumber kilns and their
burners had been removed to avoid spending
money on repairs. Back in the 1980s, I
visited a pole treating plant in the USA south
that had every safety interlock bypassed on
every gas burner on their kilns. This same

plant had a package boiler explode because

U8 i ] 1) e A LR 22 A Y
LEWBMN . L RBURRIN, T BT

HONT AR BALEAT . i R A R
BN, EATHE E R R AL . LT
i — KL, AT PR AN A 2 S A
Beds bR 22 A BRI AR AN I 5 4% 1) 2
HEPRERR, DL REs iz . [ 3] 20 {H
40 80 AFAR, FR W vy Il SE [ mE A — K
LEAFALIR) T, AT BRI AR AR A T 22
R XK L) W N2 TR AL 2 4
TFRI BT — AR HER I IR IE .

the low-water safety switch had been
bypassed.
When new drying systems are ST TR RGN, RS SE K

purchased, gullible buyers listen to salesmen
with claims of golden opportunities only
available with their equipment. Then when
the purchasing agent gets involved in the

project, the = minimum  engineering

specifications, if any exists, are often

5 VHEE L, AR AT e A A 3R
EHLRARAIH - 25 2RI G AT H
I, BRARTAERE R R ) AR T
Z3F, ORI N R RS0 — 15 R
IR AIR?

SERAHS T HRAT M 2 5 1l 38 PR AR
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discarded and the purchasing agent looks
across the table with one thing on his mind.
Who has the lowest price?

The entire global wood dryer industry
needs universal standards for the key
elements of safe successful drying to prevent
the costly errors and abuses by unethical
equipment salesmen and pseudo drying
experts who belong in the used-car business

or politics.

AR RE 2 2 S I TR OSB3, B 1R R L
ANTE AR ) e 2 B A DR D S T MR R X
NAET RS & 5 B iR A AT O R DX
e NP BOE G & W R L 55 B
ERETZIP

Having minimum standards would stop
the abuses that have occurred throughout the
history of the industry. I propose the
following as a start.

1. Minimum safety standards that go beyond
US OSHA and NFPA standards.

2. Energy efficiency guidelines for reducing
electricity, fuel usage, and pollution.

3. Guidelines for dryer length, width, and
door height so that the correct equipment is
purchased.

4. Guidelines for fan performance and their
application to dryers.

5. Guidelines for heating and energy recovery
systems.

6. Minimum guidelines for process control

systems.

7. Minimum structural design standards to

S ST R AR RS A LR AZ AT ML i Sl B

ARERAT . FREEL R — AN A
1. Bl A bn it g 56 [ OSHA H1 NFPA
i

2. AT BOBRME FH RIS G BE TR AR
6 o

3. TR, WEMITENEmM, LME
e SEIERA I B o

4. WL BE B HAE T o B0 L HR R
5. INFFIREIR FI R LT T @

6. AR R G BRARIEF -

7. BAREER BT bRE, DA/ i B A S

TR
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minimize failures and foundation

11.2 Modeling the Drying Process

Up until 1965, few universities or
research centers had computer systems
capable of modeling the complex heat- and
mass-transfer processes involved in the
drying of wood. Prior to 1965 most drying
models were mathematical equations derived
from the known laws of physics, heat
transfer, and fluid mechanics.

In 1967, mathematicians solved the
field in  fluid

Navier—Stokes equation

mechanics. This milestone in  fluids
mechanics, combined with the high speed of
computer processors, set the stage for a new
branch of science known as computational
fluid dynamics (CFD). Using CFD,
multi-dimensional models were developed
that could predict the motion of fluids in

complex three-dimensional fields.

11.2 FRRSEEE

B2 1965 4F, RDAH KT 5T O
A e LI T 15 5 K 1 2 2% A% 4
RS FRMTHALR G 16 1965 217,
PN GR Y RiEp Y INE IR/ BEPSRE N
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AT IR 53— R AR 5l 1) 2

(CFD) Ba%E 7 Hmt. FIH CFD, JFA&kH
TREM WU B A = dE iRk IE s 1) £ 4
R

Once this technology evolved, the same
mathematics and computation technology
was used in solving heat-transfer problems,
stress analysis in solids, soils analysis,
electrical field theory, and a host of other
engineering applications.Today, there are
models for

numerous engineering

combustion processes, drying processes,

— HIXTEARG 2R, FIFE R ECE A
THESARY T o A A i 1) [ A I 7
It I I ERIG DL VR 2 oA T
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materials stress analysis, building designs,
electrical field theory, physics, automobile
accident reconstruction, fire and explosion
modeling, weather prediction, global weather
and

patterns, ocean movement patterns,

medical research.

Models are the use of mathematical
principles with the known laws of physics.
There are numerous simple models and there
are also numerous complex models.
Computational fluid dynamics (CFD) and
finite element analysis (FEA) are examples
of rigorous complex models in which
multiple simultaneous equations are solved
by computers. To reach a solution, millions
of calculations may be required, something
that only computers can do efficiently and
accurately
Models can be classified as:

Basic research models
System application models

Equipment design models

Y S ) P 2 D ERD 2 0 1 ) B e
. B2 W R, V2 5 AR
. T E AR 775 (CFD) ATVA R 78 70 i
(FEA)ZFITTF AR AR 2 B 7 R I ™ b
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A e AT RO T IR, X R A
AL £ e 25T HHEAA 1 5 ik
BRI AT LLA 2N
SRl FT AR Y
RGN A
WA WA

11.2.1 Basic Research Models

Structural ~ properties  of  wood,
agricultural, and food products during drying
Moisture and energy dynamics in drying

Moisture (mass and energy) dynamics during

drying

11.2.1 EREFFFRAER
A AR SR S E TR R R Y
GERI R
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TR RIK Sy REMGER) 3
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Low-temperature drying
Above fiber saturation point
Below fiber saturation point
High-temperature drying
Above fiber saturation point

Below fiber saturation point

YA S L B
Y S BLR
e T A5

Y S Ll b
YPGB

11.2.2 System Application Models

When researchers test a drying theory, it
is usually done in a small test kiln under
than

conditions  significantly  different

commercial systems. Often the

drying
conclusions that come out of these projects
are both erroneous and misleading. In many
cases, these experiments are both designed
and run by people who know very little about
commercial dryers. Following the
experimental drying tests, the data is fitted or
compared to the model by regression or
statistical analysis. After this a final report is
published. The report may then be distributed
to people who know very little about
commercial dryers, and from this, erroneous
conclusions are formed.

Upper management people in any
product manufacturing plants may then act
on false conclusions leading to very large
economic losses. During the last 50 years I

have seen numerous examples of this.
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11.2.3 Equipment Design Models

Modern computer technology has totally
changed the landscape of design engineering.
Starting in the 1960s, engineers started
developing design software that literally
affected the careers of millions of engineers
and draftsmen around the world. Today there
are numerous powerful desktop design
software programs that can now do what it

used to take an entire staff of engineers and

draftsmen to do.

11.2.3 TR RIHRE

AT EH B AR R SO T it T
(% JS o M 20 tH2d 60 SEARTTUR, THEITA
TFUETE R B, IX SRR RS b i 1
AERE T 3 TR TR 1) P L AR ER N AR
A 2l N AR o 5
EATTREE 5 i LA I 7 LB AS AR I [ A AN
it P8l 572 4 B 58 ) LA

N
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Foundation design models for buildings
Structural analysis models for buildings
Pressure vessel and piping stress analysis
models

Piping flow analysis and design models
Fluid dynamics models

Heat transfer models

IR B
FEFVNEER S TR

& T 145 A5 VE T8 N A7 73 B A
BIET BN M AT
RS Pk ki

A A Y

11.2.4 Examples of Drying and Equipment
Models

Because computer models have always
fascinated me, starting in the early 1970s, I
started developing my own models for
lumber drying and equipment analysis. Some
of them were:
Lumber package-drying models
Airflow models

Heat system heat-transfer models

11.2.4 TR ZAERRF

BT LB AR — H AR FRE K, M 20
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Finite-element degrade limiting models
The package drying models were developed
for parametric studies of different dryer

configurations. The airflow models were for

establishing the minimum required airflow

CFM through sticker openings for quality

drying. The heat transfer models were used
for designing dryer heating systems. And
finally, I spent several years working on
finite-element  degrade-limiting  models.
These models looked at establishing drying
rates for specific levels of strain induced in

hardwoods.

AROX T 5 (R R R (CEMD - DL
DR e o B ) IR RCR o A AT T it
BRES ARG e, AL T LI R FT
A PR o PR R A A 7R o X LAY 15 7 1 i A
B P 5| REC AR S AR 7T I R T R

11.2.4.1 Finite-Element Model of 1"
Northern White Oak
Optimum drying rate vs. wood moisture
content

The graph below is from a
finite-element model that I developed in 1977
for northern red oak while, the subject of my

master’s thesis.
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11.2.4.2 Finite-Element Package Model for
Air/Heat Delivery In Lumber Kilns
K105 proprietary model — total drying
time vs. package entering air temperatures
The following graph is from one of
several finite-element models that I
developed in 1977 specifically for upgrading
air/heat-delivery systems in lumber kilns.
The model looks at: package width, board
thickness, sticker thickness, air velocity. The
model adjusts for fan reversals. The model
also calculates the energy requirements for
drying. The surface temperature and drying

rate of each board in the package can be

watched during the drying cycle.

Total Drying Time

T
200
Tdb(°F)
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11.2.4.3 1975 Regression Model of a Steam
Heating System in a Lumber Kiln
Heat transfer rate vs. (steam temperature
— approaching air temperature)

The following regression curve was

11.2.4.3 1975 FARMERRMH RS K H
=] %t}
WAL vs. (IR 10T = Ul
)
DA B £ 2 36T 1975 4EAE— L

developed from data collected on a hightemp
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southern pine kiln in 1975. The data was
used for converting the kiln over to 60 psig
steam instead of 125 psig, with no increase in
drying time. The curve shows the heat
transfer rate/degree of temperature difference
between the steam and approaching air

temperature.

A
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11.3 Drying Challenges, Dryer Types,
Classes, and Terms in Drying
The following is a summary overview of
the wood drying industry today and what the
future challenges will be. This same type of
analysis can easily be applied to all types of
industrial drying systems (wood, agricultural,
minerals,

food, plastics, pharmaceutical,

etc.).

11.3 TR, TRIKE. FHMAE

PR & 24 N AR T4 AT Ml i BLS R
DI 7 i e L RPN CIk E S R IR S
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11.3.1 Objectives in Wood Drying
1. To achieve dimensional stability of the

final product

11.3.1 AEFFEK B4
1. SPGB R~ Fa e 1
2. T R R R R R
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2. To meet the strength requirements of the
final product

3. To improve finishing properties and
appearance

4. To set the pitch to prevent seepage to the
surface of the wood

5. To improve gluing processes used in
beams, furniture, and plywood manufacturing
6. For chemical-impregnation processes to
prevent decay and damage by insects

7. For weight reduction to minimize handling
and shipping costs

8. To destroy fungus, mold, and insects

9. For use as a fuel in furnaces

3. SR AL B e A AU
4. MW WIES E, PiibEM RS B £

]

5. 08T R ZCRNR S AR 3 A ARG
T2

6. M THARBUSEE, TP EAF M R di
#

7. AR ER, PR EE
8. WHKHM. FHHAMER
9. EdP T IRRME

B4 A

11.3.2 Common Methods Used in Wood
Drying

Convection Dryers in which heated air moves
over the surface of moist wood
Electromagnetic Radiation Dryers in which
electromagnetic waves are used to either heat
the surface or interior of wood

Hydrostatic Presses in which wood fibers are
subjected to high static pressure to displace
free water from wood fibers

Vacuum Chambers in which the boiling point

of water is lowered to increase drying rates

11.3.2 RMFBRERTE
XPR AL I AL BIE A L TR 3N
PR S 1AL ) P GBI AR A 3
T B8 A
B AL LA 2T 4E 52 B i s 15 ) LR i
IRy WA LT 2 b HE
FAE s FRAR/K B m AR o R

11.3.3 Major Obstacles in Wood

Drying

11.3.3 ARAF1H H E EREE
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1. Controlling the final moisture content
to a level acceptable for its end use

2. Minimizing degrade caused by the
drying process

2.8/ MEHT TR R SR IR

11.3.4 Most Common Mistakes Made in
Wood Drying

1. Buying inferior equipment
2. Failure to understand how wood dries
3. Failure to understand the causes of drying
degrade
4. Failure to understand the total cost of
degrade
5. Using unqualified people for designing
equipment
6. Failure to adequately train equipment
operators
7. Having inadequate dryer capacity

8. Failure to maintain dryer equipment

11.3.4 AMF1EHPE LR
1. WL R 4%
2. AHREARM T JF

3. KRBT R AR IR A
4. RESEBIR S A
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11.3.5 Future Challenges in Wood Drying
1. Declining size and quality of logs
2. Increasing environmental, safety, and
health issues
3. Increasing competition in the domestic and
global marketplaces
4. Growing litigious nature of wood-product

consumers

11.3.5 AMTFHERIIAR KD K
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11.3.6 Current Dryer Technologies

The following matrix lists different
types of wood drying technologies found in
wood-products manufacturing operations
today. Although not every type of wood
drying system is included, this gives an

overview of what is out there.

11.3.6 HETHFHREAR
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11.3.7 Industry Code Assignments for
Wood Dryers

In the coming decades, the wood

products industry will be confronted with the

task of sorting out the many issues in

equipment design. Severe global demands on

11.3.7 ARMFRAT AL AT AT 53 B

FERKUTAE, AM = S AT LA THI e —
AMES, BRI & BT VS . 4
BfORE iy 3ok % AR (1) U2 e SR 8 s i [ 5K
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the planet will force all nations to set

Y PR A RA T MBI G 7 — A2 R 4 e R

minimum standards for energy efficiency,

pollution controls, and safety. To do this, we

need a system of equipment design codes for

all types of wood dryers.

Proposed code assignments (by the author)
for wood dryers.

Temperature range

(1) 33-120 F (low-temperature drying)

(2) 121-180 F (conventional-temperature
drying)

(3) 181-211
drying)

(4) 212-50 F (high-temperature drying)

F (accelerated-temperature

(5) Above 250 F (hyper-temperature drying)

£
1R 5 tH AR T 458 15 2% (10 AXRS 43 TiE
(B
IR
(1) 33-120 F (R4
(2) 121180 F CH5 HLIR T80
(3) 181211 F O ETH)
(4) 212-50 F (Eil T4
(5) 250 F LI b GEmiRT5) #EE7)
(Z) 15.7 psia UL F#AEE T (ORI
(Y)12.7-15.7 psia #84E £ ) CRA TS
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Operating pressure

(Z) Above 15.7 psia operating pressure
(presses)

(Y)
(atmospheric dryers)

12.7-15.7 psia operating pressure

11.3.8 Predominant Types of Convection
Wood Dryer Systems

The following is an overview of
predominant types of wood drying systems
with definitions.

Pre-dryer is associated with removing

free water only and degrading control
A. Atmospheric systems
1. Open space
Air-drying yards (no applied heat or fans)
Air-drying sheds with fans (no applied heat)
2. Closed space (insulated chamber)
Heated pre-dryers
Dehumidifier heat pumps
B. Below-atmospheric systems
1. Vacuum only dryers
2. Vacuum dryers with heating systems
3. Vacuum dryers with dehumidification
systems
Kiln is associated with removing both free
and bound water in a closed insulated

chamber with degrade control

11.3.8 AR HIXTRF IR R GRE
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A. Atmospheric designs

1. Direct fried kilns heated by:

(a) Oil and gas burners

(b) Wood burners

(c) Radio frequency

2. Indirect fried kilns

(a) Steam-heated

(b) Hot-water-heated

(c) Hot-oil-heated

(d) Hot-air-heated

(e) Solar-heated

(f) Heat pumps

B. Below-atmospheric designs

1. Vacuum chambers

2. Vacuum chambers with heating systems

3. Vacuum chambers with heat pumps
Equalizing and Conditioning chamber (E&C)
is associated with applied heat and humidity
in a closed insulated chamber for final
moisture content and degrade control

A. Equalization of moisture content in:

1. Hardwoods

2. Softwoods

B. Conditioning for stress relief in:

1. Hardwoods

2. Softwoods

Storage facility is associated with kiln-dried

inventory storage and tempering.

(c) 44
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A. Open-storage space

1. Unprotected storage (not recommended)

2. Shed storage for sun, rain, and snow
protection

B. Closed-storage space (buildings)

1. Temperature and humidity not controlled,
no fans, no building insulation

2. Temperature and humidity controlled
inside insulated buildings

3. Temperature, humidity, and air velocity

controlled inside insulated

2.l R R AE P A N 32 4%
3. IREE RN AR R R AN 32

i

il

11.3.9 Classes, Types, Configurations, and
Applications of Wood Drying Systems

3

‘Progressive  Kilns”, A  misused

technical term in drying, none in the USA,

11.3.9 RHTFHRARZEHIRA] . KA. K
BB

“ W A R — AN E TR R PR
MR, #E5% ERA iR, HAERH.

and is also a common term used today in

Europe, Australia, and Africa. The term

“progressive” was originally used for some
primitive US track kilns built prior to WW?2.
The following discussion possibly can
explain how the term progressive is misused
today in industrial drying systems: The
English word progressive can be used as
either an adjective or a noun. When used as
an adjective it means “happening or
developing gradually or in stages, proceeding
step by step.” When used in grammar, it

means ‘“‘a progressive tense or aspect”

b 0| A | 1 I I ol O O N

“progressive”fe ] FH - — L& i i g i 1) 56
[ R A E 7 .

A T BV AT AR M AR 1 2
A FE A R 1 Tk T8 R Gt 9505 Hin]
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(Webster)
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(Webster).
In drying processes (batch,
jogging-batch, or continuous), one must

specify whether the action occurring is either
the drying equipment (kiln) or the drying
medium. EXAMPLE: Progressive drying can
exist in any batch kiln by progressive
changes in drying temperature schedules.
exist in

Progressive can also

drying
multi-zone jogging-batch kilns by both zone
controls and temperature schedules in each
zone. In continuous kilns, like jogging-batch
kilns, progressive drying can also exist by
both zone controls and temperature schedules
in each zone.

The “progressive kiln debate” is only
one of many examples of how different
languages can create misinformation and
myths in technologies when there exist no
universal global industry standards. This is a

much larger problem than many people are

aware of.

o, S TR IR TR AT AR AL, AT PASE
Bl AT A2 Xt R+, i
BEAS DI AR AR R TR, B mT PASE L
BEATHE. EESET, R RS,
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B 5 AT LAE SR AR 3 1R AT 1 o X
v M= A1E PN eI SN

Superheated Steam Drying
A very old but usually over-hyped
drying technology in which a product is dried
in a superheated steam environment. The
benefits are high thermal efficiency and high

fiber equilibrium moisture content that

EREIRT
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B TR o FLAL R S IR R 2T 4T
TS K, AT AR KRR E /N T SE N 77 5
AT D TR R R £ 53 1 o A 22 1)
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minimized fiber stresses and thus reduces
fiber damage during drying. Conditions in
some indirect-fired high-temperature
softwood dryers can simulate superheated
steam drying during the early stages of a
drying cycle when the venting loading is

high.

FAAI SR PR TRE T, il X
i, AT DO G R I T R A A

Common Track Kiln Configurations,
Operations, and Terms
Single-Track Kiln Operations

Package flow: 1-way, 2-way. shuttle

action, shotgun, batch, jogging-batch,

continuous.

Package-handling methods: fork trucks,

transfer cars, cable and winches, pusher

FRPIEELRE. BIENRE
B ERE
AHEM B AE: B AAS . XA
ERBE. tACTE, [AEHEACIE
AMHEANIR T X5 BEIn 7, 4
ML, HEFARE . AP HER A E IR
AR BB SRS, THEE, BUEHZE.

D &z\“

devices, package jogging devices, roller beds,

rail systems, carts, trams.

Infeed and outfeed section lengths:
close-coupled, short-coupled, kiln-length,
kiln-length + end clearance, shotgun.

Kiln carts and tram handling methods:
fork trucks, recirculation systems, transfer
cars.

Drying methods: full batch kiln drying,
partial (staged) batch kiln drying, scheduled
single-package batch kiln drying,
jogging-batch kiln drying, continuous kiln

drying, constant-rising-temperature (CRT),

BEHVRLBUK I : B, e, &
Ko R+ A E B B s,

NG 7k X
ARG s,

TRITiE: afltaE T otk OrErBO
TR TR AR HE A TR TR
T LR 1 THE T (CRT).
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staged or heat limited drying, or progressive

drying (an old misleading and misused term)

Multi-Track Kiln Operations
Number of tracks: 2, 3, 4, 5, and up to

8— Note: I personally know of only one

8-track kiln ever built.
Package flow: 1-way, 2-way, shuttle

action, shotgun, parallel, counter-flow,

jogging-batch, continuous

fork

Package-handling methods: trucks,

transfer cars, cable and winches, pusher
devices, package jogging devices, roller beds,
rail systems, carts, trams

Infeed outfeed section

and lengths:

close-coupled, short-coupled, kiln-length,
kiln-length + end clearance, shotgun Kiln
carts and tram handling methods: fork trucks,
recirculation systems, transfer cars

Drying methods: full batch kiln drying,
partial batch kiln drying, partial (staged)
batch kiln drying, scheduled single-package
batch kiln drying, jogging-batch kiln drying,

kiln drying,

continuous
constant-rising-temperature (CRT) drying,

staged or heat-limited drying.

ZHEBRIE
HAEEH: 2.3, 4.5, &L 8- 1E
B BMNARIIES — ikl 8 HLamp)

AP HEALBRAE: B, XA, FHR.
B PAT R TV ERATEAL IR, LR
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11.4 Industrial Dryer Product Loaders
Because there are three classes of dryers
(batch, jogging-batch, and continuous), the
machines for loading a product into these
dryers must be designed for the specific
drying operation.However, there are four
classes of dryer product loaders (batch,

jogging-batch, cascading, and continuous).

Time, motion, economic, and safety

11.4 TNVBFHL>= mEE s
BT =R SRR A HETHL (AL 2R [H)
BRAEALBRANESL) , DRI R ™ i gk A\ IX 28
BET- UM% A 2L Xt it T B k4T
Wit SR, A YRR BT L™ 3
B8 (HEACER TR BRHLALER | 22 5 SRS 40D

(] SAE | 22 BE A0 22 At A U T HIR A BT FT -

studies must be conducted before selecting

which type of dryer product loader

configuration is to be used for a specific

drying operation. This is especially the case

with fork truck based high-production 24/7
operations during extreme weather conditions
such as heavy rains, snow, and ice. These
studies should include frontend costs,
maintenance costs, monthly labor costs,
fuels, energy, and parts costs, monthly time
in use, etc., for a life expectancy of 10 years,
20 years, 30 years, etc. Follow standard

accounting practices in doing these studies.

X AE I R A N AT — R DY/ NES
E AR, (WKE . THAWKED BIGH
B, RHRETH R s E. XL
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TEREAT IX LR 5 B B AE b v 22 T SE R

ONE: Batch dryer loaders involve
mobile lift trucks, rail/tram systems, sliding
belts, roll cases, hydraulics, and compressed
air. These systems are designed to load a
dryer for a single batch drying operation and

then unload the same batch dryer after the

— RSB KA A
BRHUANRERSG. W RERIE
2o WA RS 7R IXEE R G B AN IR
FEAR PR TR AT B 2T » SRR FESLAL
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batch drying cycle is complete. All batch
dryers should be fitted with tight sealing

doors with gaskets. Either manual or

powered door operators can be used.

DY R kWS (i

TWO: Jogging-batch dryer loaders are
powerful automatic loaders designed to move
products through a harsh dryer environment
by using a repetitive push, stop, wait, push,
stop, wait, push, stop, waiting scheme. In
these systems, material products are loaded
onto a slide, rail, tram, or roll case that
traverses through a long dryer building inside
which exist harsh conditions for precision
machinery ball or roller bearings or electrical
devices. Also included with the dryer proper
are an outer-dryer infeed system and an
outer-dryer outfeed system. - Small (short)
units of products are loaded onto the infeed
system, the loader then pushes the products a
certain distance determined by drying rates,
and short units of dried products are also
unloaded off the outfeed section of the dryer
system. To make this repetitive type of
drying system operate properly, the system’s
controls involve programmable at-rest

periods and pushing strokes both of which

can exist in four different configurations.

e AT R R A L DI RE SR K
Hahdeds, Bt T EdERRHE. 2.
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Process sensors are used to measure
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variables such as type product, product

speed, weight, and starting inertia

(acceleration), dryer residence  time,
temperatures,moisture content, color, etc.,
during the dryer operation.

Because loader at-rest periods can vary
from seconds to many days, and strokes can
vary from inches to over 20’ , and there are
an  unlimited possible number  of
combinations of these two variables, both
will require specific designs dependent on the
product, or products being pushed through a
dryer.

All jogging-batch dryers also require
entrance and exit doors specifically designed
for the product species, product thicknesses,
and temperature schedules used for drying
the product.

In high-temperature drying of many
fast-drying softwood lumber, both entrance
and exit doors are often simple baffled end
walls fitted with flexible rubber gaskets that
rub against the outer edges and tops of the
packages. These door systems may also be
fitted with both an outer negative-draft
vent-a-hood to collect door leakages and may

also be fitted with an outer positive-draft

air-seal (lock) to prevent any possible
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leakage to the area surrounding the dryer.

For of

drying
the

low-temperature

grade-sensitive  softwoods, use of
powered vertical guillotine doors is often
used to close off the hot and humid interior
of the dryer after a “charge of product” is
pushed through both the entrance and exit
doors.

These configurations require careful
design layouts and process controller
programming of how both door end zones
compensate for differences in product
lengths, and how the loader feed rates
automatically compensate for different
drying temperature schedules and drying
rates. These door and end zone designs
require careful time and motion analysis
before manufacturing or purchasing one of
these dryers. Additionally, the long-term
reliability, maintenance, and safety issues

with these systems require careful analysis.

i 5 EHEAT A A I (R IS S o .
bb, IR R G R A FE L 4ES R 2 4]
T AT A AR 0 B

THREE: Cascading product loaders. In

addition to the previous conventional jogging

types of product loaders, such loader systems

=: 2o ATRRENL B T AT
S T8 &A% s s RL R AR Ah, XA
S [ERE Al At O AT HER 2, A IR AT

can also be designed for a parallel pushing

action in which the motion of the products

Xz aiE N e E s 2h U7 SE,

passing through the dryer simulates a true

A B AT T PR AL A T B i 48 (1 SR )

continuous  flow by  “cascading or

‘
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ducking-lug” actions.

In essence, as one jogging loader

B, 2 £ (Bt L 5 R T
YEATRLR, 55— &5 S B T 4 45 iR

reaches the end of its stroke, a second

retracted jogging loader picks up the load and

o — RS

takes over from there. This action is followed

by a third retracted jogging loader. For the

£ e

= X 4 [0 B 5, FEH
N TAE IR B o e A - Pkt iE

X

U

first loader, now fully retracted, picks up the

load from there, and so on creating a

continuous-like flow of products through the

dryer. And the speeds at which the product
moves through the dryer can be controlled by
controlling the speeds at which the loaders
activate. However, if these cascading types of
loaders are used, attention must be focused
on how the different products are both loaded
onto and off the conveying systems located
outside of the dryer proper - such that the
product loading and unloading operations do
not affect the dryer’s operation.

Essentially, Cascading dryers consist of

several single-stage belt dryers connected in

series, and their operating principle is the

same as that of a single-stage belt dryer.

kAL R 2 T DA T 4 o) 2B LI Y
R EAAT R o ST, A0 RS HX 8 2 2 2
BHML, DAGE B AR A R 7 i 2R 3 2
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FOUR: Continuous dryer product

loaders. All continuous-dryer product loaders
are, by definition, machines that move
products through continuous dryers in a
smooth, none-stopping,

none-jerking, or

VU ELLTRaer i B bl P i
BT R B AR A TR R ™ il £ I 4R
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erratic motion. Typically, these involve
powered rail/tram systems, powered roll
cases, screws, or slides. Furthermore, all
continuous dryer systems must include both
infeed and outfeed systems designed to
automatically load and unload the main dryer
product transport system without interfering
with the dryer’s smooth continuous motion.
The doors for continuous dryers should

address the same design issues discussed

with jogging-batch loaders.

fa s MRIE B B E . BN, P IS TR
e AR G AL 5 BT R AE U8 B B AR AN
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PARADE LOADER/DRYING SCHEMES

If many different products are being
loaded into the same dryer (as in a parade),
process sensors and control programs must
be able to track each product through the
dryer, and automatically adjust drying control
conditions (temperature and residence time)
in each zone in the heating section of the
dryer. However, there are economic limits to
what parade control systems can do in
non-batch-type drying systems. In some
cases, management may have to accept a
certain amount of product degrading to
achieve minimum allowable production
capacity. This is why all dryer product loader

systems must be thoroughly evaluated before

deciding on which one to use.
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COMPRESSED-AIR-BLAST-LOADERS S i R i o E I
These are small (rare) product loaders X 7 {8 1 R 4 s e R
that use a brief blast of compressed air to | i€ M B AL B/ N &= /N (R 0L 77

redirect or move small light-weight products

across short distances

AL, T DA R B R N 4R

SAFETY WARNING

Because most product loader systems
are extremely powerful machines, extra care
must be taken to both warn and prevent plant
employees from being caught between
products once a loader receives a signal to
move products. Sufficient warning lights,
buzzers, horns, and proximity sensors are
required to automatically stop the loader in
the event a person enters a danger zone. And,
because all these systems are extremely
dangerous machines, all automatic dryer

loader safety systems must both be inspected

and documented on a fixed schedule.
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In some types of operations, statistical
software may be wused to notify plant
management that something is not quite right
with the operation, and maintenance people
should now examine the loader controls or
mechanical components. Finally, every one
of these product loader systems must be
evaluated with fault-tree analysis conducted

by a process-control engineer familiar with
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this type of design safety analysis.

11.5 Moisture, Energy, and Drying
Uniformity Terms In Wood Drying
Moisture Content of Wood
There are two methods used for defning the
moisture content of wood. Both methods are
expressed as a percentage.
The dry-basis moisture content in which the
mass of water is divided by the mass of the
dry wood fiber.
The wet-basis moisture content in which the
mass of water is divided by the total weight

of the water and the dry wood fiber.

11.5 REFTFRPHE/KE. BEEMNTERY
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AR AKE
KRB IR A PR E 7%, LA o L
TR

BIRF K RS TR R
fH.
MEHE 5 KR Koy o B B KR AR £ 4 S it
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The dry-basis method is typically used
for machined products.Green lumber, dry
lumber, veneer, shavings, etc.The wet-basis
method is typically used for products prior to
machining.Logs, wet bark, etc.Depending on
the country or geographic location, the three
different industries (wood, agriculture, and
food) probably will not have uniform
standards for defining moisture contents of
the numerous different industry products.
Evaluating Drying Uniformity of Dryers and
Drying Systems.

The purpose of all drying systems is to

remove water from product fibers. Knowing

both the initial and final moisture contents
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accurately is crucial to designing successful
drying systems.

The initial moisture content is the average
moisture content of the product entering the
dryer.

The final moisture content is the average
moisture content of the product exiting the
dryer.

The final moisture content distribution is a
statistical graph of frequency vs moisture

content.

The length of time and environmental
conditions between the product dryer and the
final moisture measuring system will affect
both the average and standard deviations of
product moisture content.  Significant
changes in average moisture content and
standard deviations can occur between a
product dryer and the final product moisture
content measuring systems. Because of this,
significant misinformation can exist to how

any dryer is performing.

Thus, all investigations of dryers should

be conducted at the dryer, not at the final

product moisture measuring systems.
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Specific Gravity of Wood

The specific gravity of wood affects the

drying rate and the total energy requirement
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for drying. It is also a measure by which the

total possible mass of water can exist in the

wood and the dryer. Because the heat energy
needed to evaporate a pound of water is
much greater than the heat energy for heating
wood fibers, the total heat energy needed to
dry wood can increase dramatically when
high specific gravity exists with high initial
moisture contents. The specific gravity of
wood is:

(The dry weight of wood fiber divided by its
green volume)/(density of water)

The density of water is 62.43pounds/cubic

foot.

REAELE K ) S B B I — s B RN 25 K
— T 7K T 75 I P RE A R T AR 21 4t I 75
[FAEE, oM L E K BAIG Bk S &,
T A5 F 7 B R PN RE 2 R MR o AR B L E
BEYAEWE

CRHEFYE T B R DL SRMAE D 7K

TR IR BE Ry 62.43 T53/37 5 iR,

Saturated Moisture Content (SMC)

For one cubic foot of green log, there is
a theoretical maximum weight of water that
can exist in that one cubic foot. This water
mass is determined by the specific gravity of
the wood fibers in the cell walls. For a
cell-wall fiber specific gravity (SGF) of 1.51,
water specific gravity=62.43, and log specific
gravity (SGL) =(dry weight of 1.0 cu. ft. of
green log volume)/62.43, the following
equation can be used: Note: The geometrical
proof (by the author) of the following general

formula is not shown in this book.

The term KF is used to analyze the
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internal geometry of a drying space in any
convection-type drying process. KF is a
measure of predicting the drying energy

density rate inside a dryer.

Fiber-Saturation Point (FSP)

The fiber-saturation point (FSP) is the
level of moisture content at which the only
water in the wood is in the cell walls. This is
about 29-30% moisture content (on a
dry-weight basis). Above the FSP, the ability
of the water to move within the wood is
different than for below the FSP. Fiber
shrinkage does not occur unless the moisture
content drops below the FSP. From FSP to

5% MC, the shrinkage vs moisture content

curve is approximately linear.

LFHEWRM I (FSP)
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Species of Wood

The species of wood is a principal
variable in wood moisture dynamics. Some
species have closed cells, and some have
open cells. The paths for transporting water
from the roots to the leaves vary between and
within species. Some species such as the
southern pines are very porous and easy to
dry. Some species like white oak are difficult

to dry without defects.
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Moisture Tracking Systems

This is a process in which the statistical
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averages and standard deviations of fiber

moisture content, specific gravity, and

frEhSiBEE, RN A A Al WA E

density is tracked by species, tree diameter,

age. geographic harvesting location, time of

2. DY IR B RS S —
HARIB BT A AE DL T A T3 . #EA4%

year, and weather— at each of the following
processing centers:At the forest

Entering the log storage yard

Entering the sawing, peeling, chipping

operation

Entering the green fiber storage area
Immediately before entering the dryer
Immediately after exiting the dryer and
before entering the dry fiber storage area
Exiting the dry fiber storage area and
entering the dry-end moisture measuring
system

Entering the final product process (grading,
trimming, gluing, etc.)

Changes in moisture content during product
shipment

Changes in moisture content while in the
final warehouse or sales outlet

And so on throughout the expected use and

life of the product
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Sawing Methods
The sawing method is an important
variable in wood drying. The board thickness

is the first criteria to consider. Both drying
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time and stress development are strong
functions of board thickness. The orientation
of the board within the log is the second

criteria to consider. Because of the

differences in flow dynamics between grain
direction, how a board is sawed from a log
has a significant effect on how it dries.

Edge-sawn and facesawn boards

dry

differently in the same environment

depending on their radial angle of cut in the
log.The sawed board width is the third
criteria. Both drying time and stress
development are strong functions of the beta

ratio (board width/board thickness).
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Heart vs Sapwood

Due to differences in specific gravity
and initial moisture content between heart
and sapwood, the drying times under the
same conditions are different.
Capillary Flow
Capillary fow is a type of fow in liquids
driven by surface tension forces. As the inner
diameter of a tube in which a liquid exists
approaches zero, the pressure created by
surface tension will approach a value
depending on the liquid, its diffused contents,

and temperature. Because much of the flow

of water in wood above FSP is capillary flow,

O 5kt
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the dynamics of capillary flow affects drying
rates. Temperature has a strong effect on

capillary flow dynamics.

Vapor Pressure Flow
Water has a specific vapor pressure
depending on its state (ice, liquid, and gas)

and its temperature. The vapor pressure of ice

IR ZET R AT+ HURES (UKL A
AVRR) CARGRE o FET ML TR AR R, UK
253 7738 AN L WS R AE AR A

is in significant in commercial drying | Z&7V5 % 77 B R € o S KB IR
operations. The vapor pressure of liquid | —NKRA & (212 IR B, EWEIH
water in wood is determined by its | Fb AR,
temperature. When liquid water is heated to a | ¥ #/i2l
vapor pressure of one atmosphere | ETEH HUE HE AT LUBRE Y HUR B A . AED
(212 degrees F) it boils forming a gas. BORSh I 5 77 b 2 4E oK o BR R ) 2
Diffusion Flow IR
Diffusion flow is explained by Fick’s law of
diffusion. In diffusion flow, the flow rate is
directly proportional to the moisture content
gradient across a differential element of
product fiber.

Thermal Expansion 30 S

When materials are heated, they expand.
The relationship between expansion and
temperature is the thermal expansion
coefficient. Water has a volumetric thermal
expansion coefficient higher than wood.
Because of this, there is a differential
expansion affect that can cause water to be

expelled from fresh green wood during the

YRR IR, AT KRS
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period when the wood is heating up in a

dryer. The volume of water expelled during

the initial heating can be calculated if the

initial moisture content of the wood, the

specific gravity of the wood, and the change

in temperature are known.

Drying Temperature Classes
Drying temperatures in wood dryers are
classified (by the author) as follows:
33-120 F (low-temperature drying)
F

121-180 (conventional-temperature

drying)
181-211 F (accelerated-temperature drying)
212-250 F (high-temperature drying)

Above 250 F (hyper-temperature drying

TR BE 73 2K
ARMA - fh A v B AR T B2 7T DA% R DA
TR CHEEE SO -
33-120°F (fiRiETJ5)
121-180°F  CH #2452
181-211°F CHmIRE T4
212-250°F (R4
250°F LA I G il T8

Low Temperature Drying
Low-temperature drying is drying at or
below 120 degrees F dry bulb. Low-
air-drying,

temperature involves

drying

heated drying, vacuum drying, and
dehumidifier drying.
Conventional Temperature Drying
Conventional-temp drying is drying at
or below 180 degrees F dry bulb. Most
hard-woods, stock over 2 " thick and upper
dried at conventional

grades, are

temperatures.

iR TR
IR 548 B9 2 AE 120°F + Bkl & 5l
AR TR, R THReFEAT
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IR E TR A2 TR 1L 180°F T-ERiRJZ
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Accelerated Temperature Drying
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Accelerated-temp drying is drying at or
below 211 degrees F. These schedules are

used for both softwoods and some

hardwoods.

TnaE i TR R FR AR 211°F TBRIGE
ol B AR N T 5 . X S g - RiE T
L9 NI RTEY 1 T N

High Temperature Drying

In _high-temp drying, the dry-bulb

temperature controller set point is kept

iR T
R T, TBRIE T 8 E
RARFELE 212 % 250 HE K E 2 (6], SRT, £

between 212 and 250 degrees F. In southern

P A8 e i 2 SFE N AR M ) T BRI AT B

pine _ high-temp _ kilns, the  dry-bulb | #id 250 4L [KJE, (HIX BT B4 A o a6l
temperature _entering _the packages can | 75 . fEEiR N, ARM NI K724 04

exceed 250 degrees F. depending on the

control scheme used. At high temperatures,

the water inside the lumber is heated to the
point where it boils creating internal pressure
that creates both liquid and vapor flow to the
surfaces of the lumber. During this process, a
water-to-vapor profile is created inside the
lumber. The shape of this profile is dependent
on both time and heating rates. As the lumber
dries, the vapor wave approaches the center
of the board and flattens out. The effect of
the FSP changes the shape of the wave. As
the lumber approaches low moisture
contents, the wood acts like an insulator to
the heat for boiling off the water, and the
drying rate slows down. Eventually, the wood

moisture content will approach 3—4% if left

in the kiln long enough.

BUBAG =, PP B AT, e AR 2y BB
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Hyper-Temperature Drying
In hyper-temp drying, the dry-bulb
temperature controller set point is kept above
250 degrees F. The most common
applications are sheet and particle drying

such as veneer driers and flash tube driers.

HRETR
T e L TR BRI 2 i 2% R 18
RRFFLE 250°F LA o B WL B 2T AROR
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Because drying rates are so fast in | fEEABKHIPEENE.
hyper-temp drying, controlling the final
moisture content within acceptable limits
without start ing fires can be challenging.
Heat and Mass Transport and Exchange HEESYRERETHR

During drying, there is an exchange
between energy and mass properties. Mass-

transfer  principles in  drying  are

pressure-gradient driven. Both liquids and

FET IR, REE AN BT JE P B 2=
RAEZEHe o PRI R 1 BT AR A A e
BhREUREN JFBE . FEAM b, B FIZE ISR
A5 B 5 06 B2 B SR B o INFAN 28K — 5%

vapor flow in wood are driven by pressure | /K75 E—E M HE R, [FIR NI —&5 TR
gradients. It takes a certain amount of energy | tHF5 & —E HIHE & .
to heat up and evaporate a pound of water,
and it also takes a certain amount of energy
to heat up a pound of dry wood.
Heat Transfer Principles s TR

There are three types of heat transfer.

1. Conduction is heat transfer through a solid,
liquid, or gas.

2. Convection is heat transfer to or from a
body surrounded by fluids moving over

the body.

3. Radiation is heat transfer from one mass

PAL A = PP A

1.5 (Conduction) : ik [I4A, WAk
SRR R EAL I .

255 (Convection) : Il ARSI 7EH)
W YA (R 3EAT R E AL I

3.4EMT (Radiation) : IS HLBLIE N — )
A 5 5] 55— N A S A

=72 -




LA TR SR 2A A S

medium to another by electromagnetic

waves.

Energy Principles and Balances

Energy cannot be created or destroyed.
However,its form can be changed. When heat
is applied to wet wood, both the liquid water
and the wood fibers gain energy depending
on the temperature they reach. This form of
energy is referred to as sensible heat. If the
water evaporates from the wood, it requires
additional energy to do so. This is referred to
as the latent heat of evaporation. If the water
vapor, now outside of the wood, is heated up
to temperatures above the wood temperature,

this is often called “tramp” superheat.
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Specific Heat of Materials

The specific heat of a material is the
amount of heat energy needed to raise one
mass unit of the material one degree in
temperature rise. In units of BTU/pound/F,
the specific heat of wood is about .6, the
specific heat of air is .24, the specific heat of
liquid water is 1.0, and the specific heat of
water vapor is .45. Specific heat values are
not constant. They change slightly depending

on the temperature of the material.

R A

AL BE A I 8 7 B 5T B ) o
EFt 1°F P E A AGRE . A SR R AL
(BTU/pound/°F) {E R HALES, AR H LG #H
BRLIN 0.6, TRMELARE R 024, WA
IKBIEERAEE N 1.0, KA H#EE R 045,
LA BB AN R E E 1, & 2B E M R

TLE AT AR AL o

Bound Energy Level

Below the fiber saturation point, the

ZEEBEKF
AL S DL, 2R K S TR 16
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amount of energy required to evaporate water

increases. This increase is due to the
molecular attractive forces between water
and wood fibers. See Table 11.2 in the USDA
Dry Kiln Operator’s Manual for data on

bound energy.

BN XA TR S ARG
[ 3T 51 710 A K4 G R & ) B AR %
15, 15 2% (G E AR T Aa B A R

(USDA Dry Kiln Operator’s Manual ) ]
T 11.2,

Changes of State and Energy Levels of
Water
Water exists in the following three
states: 1. solid (ice), 2. liquid, and 3. vapor
(gas). For water to change from one state to
another, energy is required. The amount of
energy in water at different temperatures is

shown in the following text.

KEPREZRUE BN
IKAFETE AR =FIRAS
LEZ (KO
2%
3AR (RO
IKMN MRS AR A F 55— FOIRAS B, 75 294
FERE &  AKAEAN RN B2 R I Re B AR bt 1 v

Changes of Energy Levels of Wood

When bone-dry wood 1is heated, its
energy level changes depending on the
species and the percentage of heartwood and
sapwood. The following example is for a

specific heat of 0.6.

A HIBEEAR L
BFEEARM A, HRgEK-Fak
AR, SKHUR T AR B RS LA DA 1
MEILER] . LA 7m B i LA D5 0.6,

Psychometrics

Psychometrics is the study of
air—moisture relationships. It is a branch of
engineering for HVAC system analysis and
design. The science of wood drying (heating,
venting, and energy usage) involves the use
of mass and energy continuity principles for

both modeling the drying process as well as

IR

O HR & R AT TSR KRR
R AR HVAC (BEEZ ) RGHrAl
W —A TR AM TR O
Fy 8 R REIRASE FH D 5 2 B FH o3 2 A e &
BRI, AU TR R, T H
TR TR A L BN & 2 T i 2R
WVEdr e, 120 (ASHRAE Tt
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for designing drying equipment. See the
ASHRAE Handbook for an in-depth review

of the engineering  principles  of

psychometrics.

Standard Temperature Terms in Wood
Drying
There are several standard temperature

terms in wood drying technology. Some of
these terms have been coined by people to
imply new technologies when in fact they
are just other ways of expressing engineering
principles found in all industrial drying
systems.
Tdb - dry-bulb temperature
Twb - wet-bulb temperature
Tb - the temperature of the surface of wood
fiber during drying
TDAL - the dry-bulb temperature drops
across a load of wood during drying
Delta-T - the same as TDAL
CRT - constant rising temperature drying -
rarely used
CT - constant temperature drying -
common in many softwoods drying such as
the southern pines
ST - stepped temperature drying - the
most common practice in published wood

drying schedules

AMFIR PR EREARTE
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TRAC - the air stream dry-bulb temperature
rises across a heating coil

Ts - steam temperature

Tl - liquid temperature

Ti - initial temperature

Tf - final temperature

Tamb - ambient temperatur

Energy Losses and Energy Efficiency
What are losses? It depends on the
process and the objective of the process. For
wood dryers, the objective is the removal of
water from the wood. Since most types of
operations the

commercial use

drying
evaporative process, the ambient energy
required for evaporation could be argued to
be the benchmark for rating the energy-
efficiency of commercial wood dryers.

Since at 70 degrees F, the latent heat of
evaporation of water is 1054.3 BTU/pound,
one could argue that this value should be the
benchmark for rating commercial water
dryers. Any additional energy used by any
drying system beyond this value would be

classified as losses.

RETR TR S RETR R
HaRBIR? ZTERT T ZMTZR
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Benchmark Drying Energy Efficiency
Total drying energy (TDE) used by
commercial wood drying systems consists of

the following.

HHETIRAER
Fe P AR T A e IR S T IR e

(TDE) AR JUANE 2 %
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Benchmark Drying Energy (BDE)
1. For evaporating water at 70 degrees F

(1054.3 BTU/pound of water removed)

EETHREEE (BDE)
1.7E 70°F R 2K RK5 (B 1 BEK A

EMHERN 1054.3 BTU) .

Drying Energy Losses (DEL)

2. For heating the wood during drying

3. For thawing out ice in frozen wood

4. For heating the liquid water in the wood

5. For heating air for wet-bulb control
(venting process)

6. For superheating the water vapor leaving
the kiln
7. For humidification spraying (both steam
and water)

8. Heat-energy losses through foundations,
buildings, and doors

9. Electrical energy losses (fans, blowers,
conveyors, etc.)

10. All additional energy losses due to
heating and utility support systems
This additional energy can be a significant
percentage of the total energy used.
Steam boiler losses
Steam system losses
Condensate system losses
Hot-oil system losses
Hot-glycol losses
In the preceding model, “energy” refers to

all types of commercial energy (electricity,

T EMRK (DEL)
2. T I3 AH T 1 72 A BiT T ) R

=

==X
3 TR VKR AR AL B BE B
4. T IERARHS o 1B K
5. T IR BRI R 4% ) BT 75 1 2SR g
B GEXER

6./ TR TRE KR TNRER
THFRABIZE GERAK MREE
SIEIL LA . I T RESR K
O.FELREMIR (ML, B FiENLEE)
10. H1 T AN FRT 2 FH ¥t S HF 2 e i 3 B
P A REPR A R

KPS RE
= S =i
IR RE EIR
HIRAGMRERR
7 7K 2 LI RE R A0

e &= i
o RS %

AE&E

=N

==N

AR AT RE &SRR AR

K

PN ==

Hbiih?

A RS REE IR K
£ ERARA T, “REERIRABNTIHRAS
B2 R 57K i 7 (0 B A S 2R 110 7 ol e

(B RIS AR .

-77 -




LA TR SR 2A A S

gas, oil, and wood) required for the entire

drying system per pound of water removed.

Gross Energy Impact

In addition to the preceding TDE, future
environmental impact studies will include the
term gross energy that addresses the total
shared global impact of the total energy
required for putting the entire drying system
in place. This is the additional energy that
was required to mine the materials, transport,
manufacture equipment, transport, install,
and construct every piece of equipment that
ended up making a complete drying system.
Today, most industrial drying energy studies
do not include this energy term, and thus
produce final public reports that can be
misleading for hose not qualified to
understand these reports.

The corn-to-ethanol industry and many
offsite biomass-to-energy industries are two
examples of government-promoted “energy”

programs that do far more harm to the

environment than good.
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Air Delivery Efficiency (ADE)

ADE is also related to effective package

width (EPW). A dryer design that has a large

TEHNENE
D EERCE (ADE) 58 MORM HE
E (EPW) B iEMHZE. ST EAS TEK

EPW will have a higher ADE than the same

dryer with a low EPW. For this reason,
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especially in softwood track-type dryers, a

ERCR . ST I E, R A BORPUIE 3

desiegn that includes multiple tracks with

THRAHLAL R SR & B BN R G it

reheat will have a high ADE.

ADE is improved by utilizing proven
air-handling principles in the design of the
interior primary plenums located inside the
dryer. Plenums are large voids where airflow
is collected, stabilized, and distributed to
other parts of the dryer.

ADE is an indicator of the degree of

J1 Z R W& T ADE T GE4EE .

1 I R ) 2 BN 0 T
FHLPA B KB AT SR RAL, v] B 5T
ADE MEfE. 3 RGEAE AR M 454,
FITURER L R R, FRK A BT L
R A 43

ADE 2 i s i Lot TS
(¥ b, E (12 it v B A e Y AR VR 2K

design engineering put into convection dryers

%, SR, # MR ADE BT E S

to improve the overall electrical and fluid

HERR T A AE T S0 R A i 234 P I B )

stream efficiency. To do any ADE study

properly. be sure to use the correct units for

the data in your calculations.
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