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INTRODUCAO
DESUMIDIFICACAO
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EFICIENCIA — ASHRAE STANDARD 90.1 - 2016

REAQUECIMENTO

EXEMPLO DE DESEMPENHO DX-DOAS
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SISTEMA DE AR EXTERNO DEDICADO:.
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A
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~
DEFINICAO DOAS:
[ ]

* UM SISTEMA DE AR EXTERNO DEDICADO UTILIZA UM EQUIPAMENTO SEPARADO PARA
SUPRIMENTO DO AR EXTERNO DE VENTILACAO (RENOVACAO) PARA O PREDIO,
DISTRIBUINDO ESSE AR DIRETAMENTE NO AMBIENTE OU EM CONJUNTO COM
UNIDADES LOCAIS OU CENTRAIS QUE SAO USADAS PARA CONTROLAR A TEMPERATURA
INTERNA.

Mauricio de Barros Slide 4
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DISTRIBUICAO DE AR EXTERNO TRATADO:

| dedicated
outdoor-air unit

dedicateq - OA
outdoor-air unit .

. p—y SA RA RA SA
SA
EA < N
fan coil EA EA
AETET T
RA
Ar primario distribuido direto no ambiente Ar primario distribuido para o condicionador de ar local

Mauricio de Barros Slide 5



~

XVIII ENCONTRO NACIONAL
DE EMPRESAS PROJETISTAS

TGS INTRODUGAO:

&/ 28, 29 E 30 DE NOVEMBRO DE 2018

RAZOES PARA A UTILIZACAO DE DOAS:

MELHOR CONTROLE DAS VAZOES DE AR EXTERNO (renovac3o, pressurizac3o)
MELHOR CONTROLE DA UMIDADE RELATIVA (conforto, IAQ, preservacao, etc.)

REDUCAO DO CONSUMO DE ENERGIA (Recuperacdo de calor, controle de vazdo por
demanda, etc.)

MELHOR QUALIDADE DO AR (escolha do melhor local de captacao, aplicacao de filtros de
maior eficiéncia, outros tratamentos de ar externo, etc.)

REDUCAO DA CAPACIDADE DAS UNIDADES INTERNAS

REDUCAO OU ELIMINACAO DA CONDENSACAO NAS UNIDADES INTERNAS (IAQ, menor
manutencao, viabilizacdao de sistemas teto frio / viga fria, etc.)

Mauricio de Barros Slide 6
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Mauricio de Barros

INTRODUCAO:

ESTACOES DO ANO — DIFERENTES CONDICOES DO AR EXTERNO

Slide



XVIII ENCONTRO NACIONAL
DE EMPRESAS PROJETISTAS

~
O DESUMIDIFICACAQO:
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DEFICIENCIA DE DESUMIDIFICACAO EM SISTEMAS COM VAZAO DE AR CONSTANTE
OPERANDO EM CARGA PARCIAL:

.OA

dew-point design
(part load)

o MA ®
/ OA
® RA dry-bulb design
SA®

(full load)
A * VA
.‘4: RA

SA

rane Engineers Newslettervolume 33-2

Mauricio de Barros
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DEFICIENCIA DE DESUMIDIFICACAO EM SISTEMAS COM VAZAO DE AR CONSTANTE
OPERANDO EM CARGA PARCIAL:

30 ‘ J J |

207
sensible e
, Re-evaporation Aing ai
- —=—provides sensible — Liﬂ’:,”rgsiﬁr off
= cooling as coil surface e%
£ A Ot
2 o e
2 g ,,:’::'_,.. ‘rf?. .
: = | — - 1 h ~ ' .
8 Time delay before = l5sec intervals . LA

[ i entering air
condensate falls in oy )
<nl—drain pan

Moisture re-evaporates SO
from coil surface _—=leaving air = : = ; ' .
| | | compressor on

[ -]

60 B0 100
time, minutes

Trane Engineers Newslettervolume 33-2
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ESTUDO DE CASO:

18

DESUMIDIFICACAO:

 Monitoramento semanal de umidade absoluta em ambiente com sistema VRF operando
em carga parcial com insuflacdao de ar externo (RJ) sem tratamento (externo x interno)

Mauricio de Barros

T e mwm
12_2%”‘%1 af

2.0

D.U I

™ T T T

21:22:07
13:02:186
04.42:26
20:22:35
12:02:45
03.42:54
19:23.03
11:03:13
02:43:22
18:23:32
10:03:41
01:43:50
17:24:00
09:04:09
00:44:19

—Wioa

—Wira

Woa — Umidade absoluta do ar externo
Wra — Umidade absoluta do recinto
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2015 Standard for

ANSI/AHRI Standard 920 (I-P)

Performance Rating of DX-

Dedicated Outdoor Air System

Units

Approeved try ANST on Mevsmbar 6, 2013

m‘l _:| th‘ll'r.a

AHRI STANDARD 920 ou 921:

ANSI/AHRI Standard 921 (Sl)

2015 Standard for

Performance Rating of DX-
Dedicated Outdoor Air System
Units

A:‘:EI Ali-Candiioning, Haaling,

ond Refrigeeation inshtuta

Approerad tyr ANST on Novembar 6, 2015
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AHRI STANDARD 920 ou 921:

ANSI/AHRI STANDARD 920 (I-P) ou 921 (Sl) - 2015

Performance Rating of DX Dedicated Outdoor Air System Units

DX-DOAS — DEFINICAO AHRI 920:

Equipamento de expansao direta (DX) com condensacdo a ar ou a
agua para desumidificacao de 100% de ar externo para uma
determinada condicao de ponto de orvalho e aquecimento para
controle da temperatura de saida. Podem incorporar
recuperadores de calor ar-ar, desumidificadores dessecantes e
outros dispositivos de transferéncia de calor e massa.

Mauricio de Barros

[=] AIR-TO-AIR HEAT OR AR
BLOWE 1Y ! ENERGY EXCHANGER l/_FILTEFE
7 I
EXHAUST
AR <= s
=
s
<32
DEHUMIDIFYING =
colL o
REFRIGERAMNT
WEATHER {  REHEAT COIL i
HOOD ¥ 4
} —>
O QOUTDOOR
AlR
oF — BLOWER
-‘;‘
o

AR FILTER

DRIE :'AN—/ EJ\
DRAIN

4
L 1IIIL'f.T-I:?II".."IF"RESSDR

AUXILIARY HEATING COIL

Fig. 7  DX-DOAS Unit with Exhaust Air Heat/Energy

WEATHER
HOOD

Recovery

,||'I REHEAT COIL

/

’

SUPPLY

::_“;.P-R

Fig. 6 DX-DOAS Unit
2012 ASHRAE Handbook—HVAC Systems and Equipment (SI)

COMPRESSOR

)“i ‘—1+ L1
AR FILTER I ) \\_
DRIPW/JU DEHUMIDIFYIMNG AUXILIARY HEATING
DRAIN CoiL ColL



XVIII ENCONTRO NACIONAL
DE EMPRESAS PROJETISTAS

< O AHRI STANDARD 920 ou 921:
NOVOS CONCEITOS - EFICIENCIA:

AHRI STANDARD 550/590 - Performance Rating of Water-chilling and Heat Pump Water-

heating Packages Using the Vapor Compression Cycle
COP (kW / kW), EER (BTU /W-hr), kW / Ton

AHRI STANDARD 340/360 - Performance Rating of Commercial and Industrial Unitary Air-

conditioning and Heat Pump Equipment
EER (BTU/W-hr)

AHRI STANDARD 920 - Performance Rating of DX Dedicated Outdoor Air System Units
MRC ( Ibs/hr ou kg/h) — Moisture Removal Capacity

MRE = MRC (Ibs/hr) ou MRE =
Poténcia total (kW)

MRC (ka/h)
Poténcia total (kW)

Mauricio de Barros
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XVIII ENCONTRO NACIONAL
DE EMPRESAS PROJETISTAS

o« — AHRI STANDARD 920 ou 921

NOVOS CONCEITOS — EFICIENCIA EM CARGA PARCIAL:

AHRI STANDARD 550/590 - Water-chilling and Heat Pump Water-heating Packages

IPLV=(0,00XxA)+(042xB)+(0,45xC)+(0,12xD)
A, B, C,D=COP ou EER a 100%, 75%, 50%, 25%

AHRI STANDARD 340/360 - Commercial and Industrial Unitary Air-conditioning and Heat Pump

IEER = (0,020 x A )+ (0,617 xB ) +(0,238x C)+ (0,125 x D)
A, B, C,D=EER a 100%, 75%, 50%, 25%

AHRI STANDARD 920 - Performance Rating of DX Dedicated Outdoor Air System Units
ISMRE=(0,12xA)+(0,28xB )+ (0,36 xC)+(0,24xD)

A, B, C, D = Diferentes condicOes psicromeétricas do ar externo

Mauricio de Barros
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28, 29 E 30 DE NOVEMBRO DE 2018

NOVOS CONCEITOS — CONDICOES DE OPERACAO:

AHRI STANDARD 920 ou 921:

SAIDA:

Para qualquer condicao de operacao do equipamento, o ar deve ser desumidificado para uma
condicao de saida com temperatura de ponto de orvalho inferior a 55 °F ou 13 °C

ENTRADA:

Mauricio de Barros Slide 15
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NOVOS CONCEITOS — CONDICOES DE OPERACAO:

XVIII ENCONTRO NACIONAL
DE EMPRESAS PROJETISTAS
E CONSULTORES DA ABRAVA
———

28, 29 E 30 DE NOVEMBRO DE 2018

ENTRADA:

Mauricio de Barros

AHRI STANDARD 920 ou 921:

AHRI 550/590

IPLV=(0,01xA)+(0,42xB)+(0,45xC)+(0,12xD)

Condicao A B C D
Entrada da agua no condensador (°C) 29,4 23,9 18,3 18,3
AHRI 340/360

IEER=(0,020xA )+ (0,617xB)+(0,238xC)+(0,125xD)

Condicao A B C D
Entrada no evaporador (°C) - BS 26,7 26,7 26,7 26,7
Entrada no evaporador (°C) - BU 19,5 19,5 19,5 19,5
Entrada no condensador (°C) 35,0 27,5 20,0 18,3

AHRI 920

ISMRE = (0,12 xA ) +(0,28xB)+(0,36xC)+(0,24xD)

Condicao

A

B

L+

Entrada no evaporador |

35,0

26,7

C) -
C) -

Entrada no evaporador (°

25,6

22,8

Entrada no condensador (°C)

35,0

26,7

Slide 16
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NOVOS CONCEITOS — CONDICOES DE OPERACAO:

AHRI STANDARD 920 ou 921:

Dehum db wb
A 95F 78F
B 80F 73F
C 68F 66F |,
D 60F 58F: 1
.‘ .A
.B /
: -~ 55F Dewpoint
% =i >
Heating db ‘wb '
E 35F 29F Lt :
F 16F 12F e o | 70F DB
.; 1 r 3
L J
F

Mauricio de Barros
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‘( compiies AHR| STANDARD 920 ou 921
REAQUECIMENTO DO AR:

Para operacao no modo desumidificacao, o ar deve ser reaquecido para uma temperatura
neutra de 70 °F ou 21 °C.

O reaquecimento pode ser realizado com calor recuperado do ciclo de compressao de vapor

(Hot Gas Reheat) e/ou trocador de calor ar-ar ou outro dispositivo de transferéncia de calor e
massa.

Penalizacao para o uso adicional de energia para reaguecimento

AR EXTERNO NEUTRO x AR EXTERNO RESFRIADO ?
(ASHRAE Standard 90.1 2016 tem uma boa resposta)

Mauricio de Barros Slide 18
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Mauricio de Barros

ASHRAE STANDARD 90.1 2016:

AMSVASHRAE/ES Standard 90.1-20 16
ey sediss AMSVASHRAEES St F0.1-2013)
ki AMGUASHRAETES sckdershi ibed m Appaadin H

Energy Standard
for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)

S Appatarti | ko aprcevad chums Bry s A1 IFAL Seuraiorcls Corraricna, tha: A5 IFSL Bcourd of Diecnon, th L5 Basrd
alD ] e Seuratardy

Thiz [ ey oy By a dard Propes ) b wihich tha Sramdurds
o e & A for el of acdands rclting o
hTady, ST For changs 1o wy pam ol g Soedurd. The dhorgs ssbeiesd e

wtrashonr, S Sesdiinas My be Sbtnneed i sbecrreees ke o ches AS UL wabheing et SR OTE] O i RO
fosmn froem the Seeor Hrogeer of Sorelerde The ben: sediton o 5 A0 AL Sondsrd moe b perdhosesd rom e
AS]RAL sabsin [wwe b orp) o rom A5 IRAL Cancess Sarvics, | M1 Tells Tocls, L, A, Gk SO N0E.
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C —m ASHRAE STANDARD 90.1 2016:

Secao 6.4.1 — Requisitos de eficiéncia minima

0. Table 6.5.1-15, “Elcctrically Operated DX-DOAS Units, Single-Package and Remote
Condcnscr, without Energy Recovery —Minimum Efficiency Requirements™

p. Table 6.8.1-16, “Electrically Operated DX-DOAS Units, Single-Package and Remote
Condenser, with Energy Recovery—Minimum Efficiency Requirements”

Mauricio de Barros
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TABELA ASHRAE 90.1 — DX-DOAS sem recuperador de calor

Mauricio de Barros

Table 6.8.1-15 Electrically Operated DX-DOAS Units, Single-Package and Remote Condenser, without Energy Recovery—

Minimum Efficiency Requirements

Air cooled
(dehumidification mode)
Air source heat pumps
(dehumidification mode)

Water cooled
(dehumidification mode)

Air source heat pump
(heating mode)

Water source heat pump
(dehumidification mode)

Water source heat pump
(heating mode)

Cooling tower condenser water
Chilled Water

Ground source, closed loop
Ground-water source
Water source

Ground source, closed loop
Ground-water source

Water source

ASHRAE STANDARD 90.1 2016:

4.0 ISMRE

4.0 ISMRE

4.9 ISMRE
6.0 ISMRE
2.7 ISCOP

4.8 ISMRE
5.0 ISMRE
4.0 ISMRE
2.0 ISCOP
3.2 ISCOP
3.5 ISCOP

AHRI 920

AHRI 920

AHRI 920

AHRI 920

AHRI 920

AHRI 920

Slide 21
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&/___

ASHRAE STANDARD 90.1 2016:

TABELA ASHRAE 90.1 DX-DOAS com recuperador de calor

Mauricio de Barros

Air cooled
(dehumidification mode)
Air source heat pumps
(dehumidification mode)

Water cooled
(dehumidification mode)

Air source heat pump
(heating mode)

Water source heat pump
(dehumidification mode)

Water source heat pump
(heating mode)

Cooling tower condenser water
Chilled Water

Ground source, closed loop
Ground-water source
Water source

Ground source, closed loop
Ground-water source

Water source

5.2 ISMRE

5.2 ISMRE

5.3 ISMRE
6.6 ISMRE
3.3 ISCOP

5.2 ISMRE
5.8 ISMRE
4.8 ISMRE
3.8 ISCOP
4.0 ISCOP
4.8 I[SCOP

Table 6.8.1-16 Electrically Operated DX-DOAS Units, Single Package and Remote Condenser, with Energy Recovery—
Minimum Efficiency Requirements

M iy Tt rcstr

AHRI 920

AHRI 820

AHRI 920

AHRI 820

AHRI 920

AHRI 820

Slide 22
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28, 29 E 30 DE NOVEMBRO DE 2018

AR EXTERNO NEUTRO x RESFRIADO ?

O processo de desumidificacao por resfriamento na unidade DOAS leva o ar a uma

temperatura mais baixa que o ambiente, o que é favoravel para uma operagcao com carga
térmica de resfriamento (verao).

A ASHRAE Standard 90.1 2016 reconhece que o ar ndo ser reaquecido acima de 60 °F (15 °C)
qguando a carga térmica predominante for de resfriamento (Section 5.2.6).

6.5.2.6 Ventilation Air Heating Control

Units that provide ventilation air to multiple zones and operate in conjunction with zone
heating and cooling sysfems shall not use heating or heat recovery to warm supply air above
60°F when representative building loads or ouidoor air temperature indicate that the major-
ity of zones require cooling.

I i —r -

Mauricio de Barros Slide 23



P XVIII ENCONTRO NACIONAL
DE EMPRESAS PROJETISTAS
E CONSULTORES DA ABRAVA
b

28, 29 E 30 DE NOVEMBRO DE 2018

AHRI 920 / ASHRAE STANDARD 90.1:

EXEMPLO DE DESEMPENHO DE EQUIPAMENTO DX-DOAS SEM RECUPERACAO DE CALOR
BASEADO NO CONCEITO DA AHRI 920:

Test Unit | Coil LAT | DX MBH Unit | MRC
Condition | Weight | CFM (db) Capacity | EER | lbs/h | MRE
98/78 12% 3,000 54.5 249.0 112 95.1 4.3
80/73 28% 3,000 235 193.9 12.9 97.2 6.5
68/66 36% 3,000 46.8 164.9 12.6 87.6 6.8
60/58 24% 3,000 50.1 66.4 123818283 5.0
(Weighted Value) > ISMRE | 6.0

Mauricio de Barros
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REFERENCIAS:

 AHRI 920 2015 Standard for Performance Rating of DX Dedicated Outdoor Air System Units

 AHRI 340/360 2015 Standard for Performance Rating of Commercial and Industrial Unitary Air-conditioning
and Heat Pump Equipment

 AHRI 550/590 Standard for Performance Rating of Water-chilling and Heat Pump Water-heating Packages
Using the Vapor Compression Cycle

« ASHRAE 90.1 2016 Energy Standard for Buildings Except Low-Rise Residential Buildings

* Understanding AHRI 920 and ISMRE Rating — HPAC Jul 2018

 AHRI 920 Performance Rating — Application Note 24 — Desert Aire

 AHRI 920 Rating Standard for DX Dedicated Outdoor-Air Units — Trane Engineers Newsletter — Volume 45-4

* |t may take more than you think to Dehumidify with Constant-Volume Systems — Trane Engineers Newsletter —

Volume 29-4
 ASHRAE DESIGN GUIDE for Dedicated Outdoor Air Systems

Mauricio de Barros Slide 25
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