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Bypass only atlow load

300 cfmleaves the room
/ through cracks and doors
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105 NI ReomMS= OMERConSIdEerations

« Niemperaturercontrolisioiten as critical as humiaity.
Sensibletheatioad and unifermity requirements
may determine systemrairtiiow velume.

< IReactivation eneray. can exceed installed cost
WitniRrthareeryears: o reduce energy cost,
CONSICEN
SIREaclivation energy imoaulation
S\ asterheat fior pre-heat
. Alr-le=air heat exchanger

- Hile lewerithe numidity, the more critical the load
calculations. Be sure to speciiy air leak rates in
construction specs.

« WWhen exhausting| fiiom low humidity room, air
palance Is absolutely
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SystemNEBDERUMICIA@RIVAIENVIake=UprAIN

Desiccant

Sensible Heating & Cooling

Return Air

« Pre-coelithe make-up air, then dry with desiccant

«WVnen'make-up air percent Is high, this is usually
e moest econemicallsystem

« 'For example:
s Semiconductor clean rooms
= Pharmaceutical clean rooms above 25% rh

= Hotels & motels
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CHENGENRESCHVAUBRNIEMPErAlNE

190°F Reactivation
Air Temperature

LTI AT LA
AL AL
EEEN ]

* 190 and 250°F

18 gr/lb

PhER-602 Spring ‘09 J. Manfredi




NnRrprRcples the-heatin:

eaving thie dehumi I""'- eq als the
SUNIGIES ’.

[Latent to sensible heat conversion

carrled OVEr from
N 1o, process
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REUENESHITaURENVIENNGE
EEIREIOCESSIOUHEIEMPErature

1. Air entering at
55°F and 65 gr/lb

I 2. Air leaves the
unit at 10 gr/lb

3. Follow Wet Bulb
And Read Dry Bulb
91°F

4. Add 15% for
reactivation heat

carryover:
91°F x 1.15 = #105° Leaving Process
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INVPESI@iRERtmdiiication
Sy stems

< PAassive storage

 JAClVE sterage

< Preduct drying systems
“Jndustral bullding HVAC systems

« Commercial-and institutional HVAC
Systems
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AGHVENSIOEPEEREINEERIEANN aEhoUSE

« NINE PUIPOSES Gl thE pProjECt INCIUde preventing moisture adsorption
BYACAeNS andipreventinglice bulld=uprareund dooers and on floors

Coninellevelstdependion the purpose:
ice creamiroom ==10°E dew point, 3.2/ gr/ib
Candyreoom = 505 rh; whichiatiS0°E =27 gr/ib
Loading dock:= 33°F dew point, 27 gr/lb
« “Vieistureleadiproiile at the dock; held at 60°F, 27 gr/lb
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Res@alcuiaiediioad

Jteadiremirst calculationrtetals 565! Ibs/ir—very large!

TAd|UsSting assumptlions mMakes the project alierdable:

S DOEFOREMINGS = chian@ge IS trucks/hrx s minte™ 15 x 1 min
s ietalload dropstiiiom 865 ter 90! bs/hr

JINewrmerstureload profile at the dock Is:
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Catlrrizirie) Miel S\t

« S\Viganys many wWays: te design e algiven, project

« NDEGISions may inciude:
s Winimizesirst cest? ... Or eperating cost?
s Aceeptihigher first cost for zeno-cost future expansion?
s Vinimizercoestst .. but recegnize capacity limitations?

«Ulumately, design decisions are governed by the
Project purpose ... hence the need for clear
Understanding before the project begins

* e best” systemidesign depends on which factors
alie most important te the user ... and these can
change over the life ofi the system.
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INEUStHAINE\V A SYSIEM
Prizirrrizicaitieel] SFeigleigie) flojoigg

* NRUIPESE: IO PreEVERL POWEErS regaining moisture; WhIch clogs presses,
sleWs production and makes poer: tablets

« NPOWAENS 2l0SeHI DaSEed ORli, Ut tordesign a system, the engineer
must deinethe humidity ratioe:
0% rhrissmaximum; basedion input from R&D
S Comiort tolerance allows temp. to swing between 70 & 73°F
Engineer'selects lowest temperature: 70°FE, 10% = 11 gr/lb

At 70CE, 11 gr/lb, the load profile looks like this:

PhER-602 Spring ‘09 J. Manfredi 12



BIVEESIEPRSYSIEMNDESIFN
Process

< HESTAlISHthe purpese Tor the project

« 22> Establishr control levels and telerances
« 151 Calculate heat.and moisture loads

« 4 Select and position components

« 5. Select andilocate controls
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Projaat Crjielgle

Project Purpose

Control levels

Internal sensible heat load

Internal moisture load

Make-up air

Minimum delivered air temperature

Cooling available

PhEnR-602 Spring ‘09

J. Manfredi

Prevent clogging of packaging
machinery for hard candy during peak
summer production

70° F £ 3°
35° F Dewpoint
(30 gr/lb) +0 gr, -10 gr

100,000 Btu/h

181,800 gr/hr

400 scfm @ 95° F, 140 gr/lb
(44.9 Btu/Ib enthalpy)

55°F

Chilled water @ 45° F

10° F approach of the air
to the coolant temperature
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SYSIEM Z
Pre-cool Mlzlke=tio—==l2 eIkl Py

Sensible
Heating & Cooling

@88 1@y

Desiccant Unit

Return Air

< Pre-cool the: make=up air, blend that with the return air, then
diyswithr desicecant.

S \Whenmake-up percent is: high, but not high enough to
remove alllinternal load iff dry, this system is a good choice.

" For Example:
a Supermarkets
s General industrial building HVAC systems
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SYSEm S
BIERENVIEREIPFARNCNREIUIRFAIFBETorE
Blgnugnicificaition Saoelliale)

Sensible
Heating & Cooling

O EH - @l

Desiccant Unit Cooling

(5
i)

Return Air

< Blend thermake-uprair with: return; air before cooling

« WWhen makeups air percent is very low and moisture control level
low as'well; this systemiisia gooed choice

* L Pre-cooling in front of DH: allows slight performance
iImprevement—usefull at low: controlllevels

I Forexample: Product processing below 10% rh
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System 4
BiEndBeierEe D= INerPre-cool

Sensible Desiccant Unit
Heating & Cooling

1288 @

17

ReturnAir

<1 Blendimake-uprand return air before DH with' no pre-cooling.

« WWhen make:=uprairisivery low and contrel level is mid-range,
this; system: may: be best.

« L [For example:
= Candy packaging
s Electronics assembly
« Pharmmaceutical packaging

PhER-602 Spring ‘09 J. Manfredi
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Caoprlozlrisie] SYsiens For Falls Piejeer

System 2 System 3 System 4

1@  1®- 1@ 19

| [

Cooling system
size (tons)

8
T
8

1T

Desiccant dehumidifier
size ( sq.ft.)

125,000
100,000
75,000
Desiccant reactivation 50,000
(000 Btu/h) 25,000

RN

-
(=4
-

Reserve moisture
removal capacity
( % of room load )
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Criogsirie) A Sysigm Ceonjileftirzl

Can cooling alone Check if-

provide year—_rougd  Power expensive-thermal inexpensive
dehumidification Yos m——y- Dry System desirable

No * SHR below 0.8

' * Latent and sensible heat peaks differ
Can dehumidification = Yes No

of the make-up air
alone provide ‘
adequate dehumidification
Use cooling
- No Yes and re-heat

‘ for control

_t DH
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WHERNKONOURUSEraesIccant=na
denumidification;over.coc
asedrdenumiadincat
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WHEE N OINISENIES|Cealii=daSECidENUmidicauon
oVer coallnie-gzisgel elantislleliflesiie)n?
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VWHERNCGNGINISENCESIceaniEasedidentmidiication
ovar coolisicozisael clapitinnielifiezition) %

« NnEranswercanhe epiained irom: the psychrometric
Gl dependsion temperature of the cooling
MEditm; and therdesired conditions; In the space.

* DATCo0ling coll(conling hased dehumidifier) using
chilledwaler at 45 deg F can previde down to 45
degree dewpoint. 45 deg supply airtemperature may.
O may netmeet yourrdesired room conditions.

ifyourtse al DX coll (refrigerant) can typically go as
oW as 401 F dewpoint.
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Examples:

TExample #1:

s N@hilledhwaternrconling coll using 45 deg ehilled water.
DEsired reomreondition: 661deg FF, 45% RH.

« Ve canmeettnese conditions, depending on lead in
SPACE.

« T Example #2;

« Chillediwatercooling coll using 45 deg chilled water.
Desired roomi condition: 63 deg F, 40% RH.

«  Required dewpoint Is about 41 F. Can't do it — must go
{o) refrrigeration on cooling coil or desiccant.
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Examples:

Example #3%

DXNremgerant direct expansion) cooling coil using providing 40
deg dew point Pesired reom|condition 64 deg F; 45% RH.

Canmeet these conditions; depending on leadiin space. Dewpoint
needed s about 449" F — slightly: above the achievable 40 F.

Example #4:

« DX (refrngerant direct expansion) cooeling coll using; providing 40
degldew point.” Desired reom| condition:, 62 deg F, 40% RH.

Cannotrmeet these conditions. Need to go to desiccant-based
dehumidification. Why? 62/40 corresponds to a 36 deg dew point
— |ewer than the 40:deg dew: point achievable with refrigerant.
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DESIGRIRENGIAIEMPERIUE N KIFNConRto)

- NSO CIEaROCMICPEralioNS; Generally target 66 °F as
terdesIgntempErature; withrartoelerance of typically
/=2t

« NRelaiversumidity generally maintainead between 30
Yorand 605, Seme designers use 30% - 50%.

« Hifthie product has: speciiic temperature and humidity.
[eguirements, those take precedence.

« iypically; we imaintain temperature by installing
ieheat colisinithe ductwork.

« Reheat coils typically fed by hot-water

« I Alternatives:
= Can also be fed by steam
= Electric
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DESIGRIRENCIAIEmMPERIUE and RISNControl

EerasepucHilling reens and otherareas
WhENE OpErators are neavily: gowned, often
designioriewertemperatures and RH levels.

‘IN@ speciiiclevels are accepted by Industry,
pUl seme design for 62 - 64 °F and 30 — 50 %
RIS
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