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Use of a Heat Exchanger for Waste Heat Recovery in Drying System
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Abstract

The objective of this research is to design, construct, and test a cross-flow heat exchanger to recover waste
heat from the drying process in order to increase the dryer efficiency. Inside the heat exchanger, there are 12
pipes with a diameter of 5 cm and a length of 60 cm placed alternately in 5 rows as a channel for the humid
air (hot fluid) to be evacuated. The total heat exchange area is 1.13 m”. The heat from humid air is transferred
to dry air (cold fluid) that flows through the stacks of pipes, causing the dry air to increase in temperature. The
heat exchanger is composed primarily of food-grade stainless steel (SUS304). It is covered by an insulating layer
on the outside in order to reduce energy loss. From the heat exchanger test results at the average inlet humid
and dry air temperatures of 55 and 36 °C, where both fluids were controlled to have the same mass flow rate
of 0.017 ke¢/s, it was found that the heat exchanger effectiveness and efficiency was 31.58% and 64.81%,
respectively. The device warmed dry air to a maximum and average temperature rise of 6.00 and 4.42 °C and
reduced humid air to a maximum and average temperature of 10.71 and 6.82 °C, respectively. That equates to
272.40 kJ of recovered energy or 9.16% of the waste heat released. From the results of the kaffir lime leaf
drying experiment, it was found that the installation of a heat exchanger did not affect the drying rate. From
the results of the kaffir lime leaf drying experiment, it was found that the installation of a heat exchanger did
not affect the drying rate, but it reduced the specific energy consumption (SEC) by 9.81% and increased the
specific moisture extraction rate (SMER) by 10.88%. That makes the efficiency of the improved dryer higher than
the original one of 10.88%. As a result, the energy costs of producing dried kaffir lime leaf were reduced by

9.39%.
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LADILANIUABUAIINTBU

nsiiiugumgiioIn1ALsIANIdIgITUUBULIR (G9g0/inde) (aeraaidea)

a Fod A v = =
NsangUNYNaINATUNUaBVISEAINGON (F980/1aa8) (DIFTaALTEH)

UsyanSnaveansoawanilasuminuson (Seeay)

UsranSnmvaumissanildeuniuseou (Sevay)

6.00/4.42
10.71/6.82
31.58

64.81

idlefansansnsnisiasunlainuturemansaside
SzazaTUNTOULE NUILASDeURRLALLAzLAS DT
IasunsusuUgelignsniseuliia (Drying Rate) winfiu
1.43 uay 1.44 Alandurisedalus awddu sfedsns
mil,ﬂ?{smLLiJa&mm%wuaﬂwzﬂgmiaisagL'Jaﬂ,umi
auLLﬁwaaLﬂ%"aqauLLﬁaﬁqaaaLLmmeﬁqgﬂﬁ 7
AUAANGIY

Tl o1 A uLag esouwtsaviud suan iy
auSeuiivnanlniin aannsmeaswuIeg ase U
RulaziAI eI HEX Tglndinluniseuuiisluugngn
Wiy 8.52 way 7.72 Alatadalus wieAndundsnudl
Freliituiedasouus (input) Wity 30,672 way 27,792
Alaga anudeiy ﬁu’aﬁwﬁmuﬁaﬂénazgﬂLLUaaami‘Ju a4
du il

duf 1 waseui1dlunnsseimey 1eenan

a o 4

HARSu (Output) @13130AWINLAINHARMYDMNA

Y7 SENERNANNHNA NN UNNUAIIUS DULKITUANS
naeuloveati PUMYHOUWY INNITNAGBINUI

\winsauLrnfsldndanu 20,357 Alaga Tun1sseme

8.59 Alandu sonanlunenin TuvneAiLATaI ULES
Anda EX Tdwdasu 20,451 Alaga Tun1sseivenn 8.63

v
v o

Alansu sananlunenin wdunnlainlasosouwens

°

goauuldndsnuludnildunnsnaiusgraditodfy
iesnnltimgunazaamgiiluniseuuisliiunansnety

duil 2 mudouiisgAanandon (Waste Heat) iin
MnmsszuIgeMaleutuseniniteseuutis Tneiados
suLVaLANLaziAT e lafUNsUSuUsegaydendsanily
duilvinmy 3,390 ua 2,969 Alaga Mmua1du

dndl 3 Anudouiisiiannsntnduanld (Waste
Heat Recovered) nds91ud1udl 9g1And uid aiad o
s aANlFTUNSUS YR en1sRads HEX ity
MnmMsmasemuin HEX duuuuluauidedanusod
arudoufisnduintlumsguemeauilduszana 272
Alaga wieAndufosay 9.16 vasmuieuiiudeniis

dil 4 ndsugadsluszuy (Energy Loss) 1in
nAnuFeuiianemlugdiulsenourossruua UL
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1A BIBULI (Input) AUAIEWSS9UANA U INE 7
rasiu Tneiaseseuuiaiuuaziaiesildsunsusuusedl
mingLﬁawé’qmuiuaﬁuﬁymﬁrﬁ”‘u 6,926 way 4,099
Alaga audndu 1 othdoyasnnisaunand ey
AUIMNUI AT BlRULT RLLaL AT BaTiAde EX SAn
Usednsninlunisvineiusesas 66.37 way 73.59

MINAIFU LHDIINUTEAVTANTZeN IV IALATOI0UIAS
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fl#sunauiuUgaisnanisssmedidune (SMER)
dindu 011 Alansuidedlataddalus uaslidninis
Audeandaanudumg (SEQ) lunseuusluugnse
anasUszana 350 Alagareflaniuth lnsramvadey
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W 9991NUARINAIUS DUN A AR L ULAT DIBULIL

o w

Aaannnenaiegungidaeluieseulvianivug
neaufl HEX azi3ugueIniala vialinisfinae HEX 14
daHandnIINTNE UMY TVBUATRIBULIAY AITUNIT

lnTeseuniaisassuutluniseulungnaivuinuas

a ¥ [ a A

AanudusuaulnaiAgeiu Alvgungiiouuriuag

= o w

WA F9TBMIINNTR UL biFai upg1eltadAty Le

17

waiansyinufeuiianduuldvinliiad oseuusiei
findta HEX Slgmumgfinesormeausisiiiuidngssuugent
w3 Sevhlunainanuseudsininfindnansou
viautfosasdsmaliiad eseunieildFunisusulss
a1unsauseudanasnuluniseuwislasiiusz@nsaw

GRIPRIGPLNIH

ANITEInRS lifinge HEX  faRe HEX nsasuuUas
aulungngaisudiu Gosas g1uden) 6120 61.40 Lsiunnsing
thuinluszngaidud (uu th/uuveds) Flansu) 15.00 (9.18/5.82)  15.00 (9.21/5.79)
audulusengagaiine Gevar g1uden) 9.20 9.1 laiunneng
thutinluszngagaiing (uuih/uuvesuds) @lansu) 6.41(0.59/5.82)  6.37 (0.58/5.79)

hwifnihssne @lansu) 859 863 Taiumneing
528241a11UNTOUWIAY (1191) 360 360 Taiumneing
Snmmssuuis (Alanuisiatalus) 143 144 Taiumneing
Twihiiseltuiieseuuria (Alafmdtalus) 852 7.72 anad $eway 9.39
wianuiglsituieieseuns (input) (Alaga) 30,672 21,192 anas Soeaz 9.39
wuilFlumssunedh (output) Flaga) 20,357 20,451 Taiumneing
arwdeudisiianansoindunld (waste heat recovered) (laga) 0.00 272

Au¥ouiisgiainden (waste heat) (Rlaga) 3,390 2,969 anas Seuay 12.40
wasnugsydeluszuy (energy loss) (Alaga) 6,926 4,099 anad Seway 40.81
SammsAudemdamudime SEC (Alagadenlaniunii) 3,571 3,220 anad Sogag 9.81
Snsnssmmeiisumz SMER Rlandinivienlatnddnlug) 101 112 iy Sovaz 10.89
Uszavsnmussiaieseuniis (fevay) 66.37 7359 iy Sovaz 10.88
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4. unasy
WS a9antud suadusauwuulraving (HEX) Tu
NuITel pankuuian1sEIANUTauRana ULty by

N13gueINIALTITANIIE sy Uy MgludiuuaniUieu

Y
v

AT auT0Y HEX Aas 9 w0t A uiilunis
LanWasuANTouTI 1.13 M151AUAT AINHANTT
naaesaURAtluNENIARIERNgl 55 aeAgaLT e
wuihmsfieds HEX dusuvanunsoifiugumniennis
whanouduingwosouwidigedundeiosay 12.28
LLasamqmuqﬁmanmmﬂ%udauﬂdaﬂﬁagi?m’mﬁaﬂﬁ
\dpdoray 12.40 FauRninmsthanufeuiisndun
TdamaliiaTosou uwisildsunsufuusddndanulu
N158UWKH (npud) anadsesay 9.39 lurmed
Armannsslunmsssveiianankdn it (Output)
Liwasuuvasly vinlsisgansamlunisvinauves
1T eseuuieAildYunsuTuUTaRaen1sfiads HEX

WinAuNPUSosay 10.88

5. AnAnssuUsEnA

Ya o

AEEITYvRvRUAMYUaAYUNITIINednusly
lasansndnuazimunAnenmdadianiwmiundsanuly
nauUszinmefeuluseduiudinfnyr nIne1dy
NHWUNALNY WINende walld unsANwIsEAY
Yaudindnwlulaseinisyudud  dung Usednl 2562
INTUANINGIGY un1Tne1aowdly NuiIde
TUNAANYIA1UNITINYATLALEAAIVNTTUNYAT
Us58317 2563 2nd 18NN auINITITENISINERT
(09F AFUNIYL) Lag uatuay uIuR ugIu
(Fundamental Fund) 31nnesudua3uingimans

Wowaruinnssy (neeudaasy 1) Usednl 2562

LAY 2563 NIUUNIING1G8wIlaN o Nl
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