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I. Muc Dich Yéu Cau — Cic Diéu Kién Thiét Ké:

1. Purpose - Design Conditions:

Can ctr vao huéng dan thuc hanh t6t san xuat thude theo khuyén céo cua t6 chuc y té
thé gigi (WHO GMP) nha may san xuit duoc pham can phai dam bao nhiéu diéu kién
theo tiéu chuan qui dinh. Xur 1y khong khi dé tao mot méi truong phu hop, an toan 1a
diéu kién bit budc.

Based on the World Health Organization (WHQO)'s guidelines for good manufacturing
practices (GMP) for pharmaceutical products, pharmaceutical factories need to meet
many conditions according to prescribed standards. Among them, treating the air to
create a suitable, safe environment is a must.

Hé thong PHKK dugc thiét ké véi muc dich tao mot moi trudng thich hop cho viée
san xuat thudc va cho con nguoi lam viée bat ké su thay doi vé€ khi hau tai
tinh...........

The air-conditioning system is designed with the aim of creating a suitable
environment for medicine production and for people to work regardless of the climate
changein ........... Province.

Hé théng PHKK va thong gio duogc thiét ké dua trén diéu kién moi truong dia 1y va
cac dac tinh k¥ thuat sau:

Air conditioning and ventilation systems are designed based on the following
geographic environmental conditions and technical properties:

1. Pic diém dia ly khi hiu:
1. Geographic and climatic characteristics:

Nha may san xudt duoc pham theo tiéu chuin GMP — WHO, GMP - EU thuoc CONG
TY TNHH ABCtoalactai ....................... ¢0O cac dac diém nhu sau:

The WHO-GMP and EU-GMP compliant pharmaceutical factory, under ABC CO.,
LTD, located at ....................... , has its own features as follows:

1. Nhiét d6 khong khi cao nhét trung binh thang va nam:
1. Average monthly and yearly maximum air temperature:
Thang 4: 35,5°C DB.

April: 35.5°C DB.

Théang 10: 31,0°C DB.
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October: 31.0°C DB.

2. Nhiét d6 khong khi thip nhat trung binh thang va nam:
2. Monthly and yearly average lowest temperature:
Thang 4: 25,0°C DB.

April: 25.0°C DB.

Thang 1: 20,2°C DB.

January: 20.2°C DB.

3. Bién d0 ngay trung binh ctia nhiét do khong khi:
3. Average daily amplitude of the air temperature:
Thang 9: 10,5°CC

September: 10.5°CC

Thang 1: 12.2°CC

January: 12.2°CC

4. D06 am 72% RH (30.9°CWB)

4. Humidity 72% RH (30.9°CWB)

Céc s6 liéu 1y tir tai liéu khi tuong thuy van Viét nam xuat ban nam 1989 tai Ha noi
va theo TCVN 4088:1985 xuat ban nam 1997 Nha xuat ban xay dung tai Ha noi.

The data are taken from the hydro-meteorological documents of Vietnam published in
1989 in Hanoi and according to TCVN 4088:1985 published in 1997 Publishing
House in Hanoi.

2. Tiéu chuin thiét ké:
2. Design standards:

H¢ thong Diéu hoa khong khi va thong gid cudng buc dugce thiét ké can clt vao céac
tiéu chuan sau:

Forced ventilation and air-conditioning systems are designed based on the following
standards:

- TCVN 5687-2010: Thong gié, diéu tiét khong khi, suéi 4m. Tiéu chuan thiét ké.
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-TCVN 5687-2010: Ventilation, air regulation, heating. Design standards.
- TCXD 175-1990: Mtic 6n cho phép trong cong trinh cong cong. Tiéu chuén thiét ké.
- TCXD 175-1990: Permitted noise level in public works. Design standards.

- TCXD 232 - 1999: H¢ thong thong gi6, diéu hoa khong khi va cép lanh — Ché tao,
lap dat va nghiém thu.

- TCXD 232 - 1999: Ventilation, air-conditioning and cold-supply systems -
Fabrication, installation and acceptance.

- ASHRAE Handbooks and Standard: Tiéu chuan & cic huéng dan diéu hoa khong
khi va thong gi6 cua hiép hoi ky su Lanh M§.

- ASHRAE Handbooks and Standard: Standards & instructions for air conditioning
and ventilation of the American Association of Refrigeration Engineers.

- BS: Tiéu chuan Anh vé diéu hoa khong khi va thong gid

- BS: British Standard for air conditioning and ventilation

- CP 13 —2001: Tiéu chuan Singapore vé diéu hoa khong khi va thong gid
- CP 13 - 2001: Singapore standard for air conditioning and ventilation

- SMACNA: Hiép héi qudc gia vé kim loai tAm trong diéu hoa Hoa Ky.

- SMACNA_: Sheet Metal and Air Conditioning Contractors’ National Association in
the United States.

- IEE: Quy dinh vé cap va day dan

- IEE: Wiring regulations

- ARI: Tiéu chuan thiét bi Lanh

- ARI: Refrigeration equipment standards
- Cac quy dinh s¢ tai.

- Local regulations.

3. Cac dinh nghia:

3. Definitions:

3.1. Khéong khi 4m:
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3.1. Humid:

Khéng khi xung quanh chiing ta 1a hdn hop cua nhiéu chat khi, cht yéu 1a N2 va 02
ngoai ra con mét lugng nho cac khi tro, CO2, hoi nudc . . .

The air around us is a mixture of gases, mainly N2 and O2, in addition to a small
amount of inert gases, CO2, and water vapor. . .

- Khéong khi kho: Khong khi khong chira hoi nudce goi 1a khong khi kho.Trong cac
tinh toan thuong khong khi khé dugc coi 1a khi 1y tudng.

- Dry air: Air that does not contain steam is called dry air. Dry air is generally
considered an ideal gas in calculations.

Thanh phan cua cac chit trong khong khi khé duoc phan theo ty 18 sau:
The composition of substances in dry air is classified in the following ratio:
Bang 1-1: Ty 1¢ cac chat khi trong khong khi kho

Table 1-1: Ratio of gases in dry air

Thanh phan Theo khéi luong (%) Theo thé tich (%)
Ingredient By weight (%) By volume (%)

- Ni to Nitrogen: N2 795 78,084

- Oxi Oxygen: O2 23,1 20,948

- Argon: A 1,3 0,934

- Carbon-Dioxide: CO2 0.1 0,0314

- Khong khi am: Khong khi ¢ chira hoi nuéc goi 1a khong khi am. Trong tu nhién
khong c6 khong khi kho tuyét doi ma toan 1a khong khi am. Khong khi am dugc chia
ra:

- Humid air: Air that contains water vapor is called humid air. In nature there is no
absolute dry air, but only humid air. The humid air is divided into:

+ Khong khi 4m chua bio hoa: La trang thai ma hoi nuée con c6 thé bay hoi
thém vao dugc trong khong khi.

+ Unsaturated humid air: is the state in which steam can evaporate into the air.

+ Khong khi 4m bio hoa: La trang thai ma hoi nudc trong khong khi da dat toi
da va khong thé bay hoi thém vao dé dugc. Néu bay hoi thém vao bao nhiéu thi
c6 bay nhiéu hoi am ngung tu lai.
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+Saturated humid air: is the state in which the steam in the air has reached its
maximum and cannot evaporate further. If more evaporation is added, more
moisture will condense.

+ Khong khi am qua bao hoa: La khong khi 4m bdo hoa va con chira thém mot
lwong hoi nude nhat dinh. Tuy nhién trang thai qua bdo hoa 1a trang thai khong
6n dinh ma c6 xu hudng bién doi dén trang thai bao hoa do luong hoi nudc du bi
tach dan ra khoi khong khi . Vi dy nhu swong mu 13 khong khi qué bdo hoa.

+ Saturated humid air: is a saturated humid air and also contains a certain
amount of steam. However, the super-saturated state is an unstable state that
tends to change to saturation because the excess water vapor is gradually
separated from the air. For example, fog is the air that is too saturated.

Tinh chat vat 1y va anh huéng cua khong khi dén cam giac con ngudi phu thudc nhidu
vao luong hoi nude ton tai trong khong khi.

The physical properties and effects of the air on human sensations depend heavily on
the amount of water vapor present in the air.

3.1. Cac thong so ciia khong khi am:
3.1. The parameters of humid air:
3.2.1 - Ap suit:

3.2.1 - Pressure:

Ap suat khong khi thuong duge goi 14 khi 4p. Ky hiéu 1a B. Néi chung gia tri B thay
dbi theo khong gian va thoi gian. Tuy nhién trong k¥ thuit diéu hoa khong khi gia tri
chénh 1éch khong 16n c6 thé bo qua va ngudi ta coi B khong d6i. Trong tinh toan
nguoi ta lay o trang thai tiéu chuan Bo=760 mmHg .

Air pressure is commonly referred to as barometric pressure. The symbol is B. In
general the B value varies with space and time. However, in engineering air-
conditioning, the difference is not large and can be ignored and B is considered
unchanged. In calculation, it is taken in standard state Bo=760 mmHg.

Db thi I-d ciia khong khi am thudng duoc xay dung ¢ ap suat B=745mmHg va
Bo=760mmHg .

The I-d chart of humid air is typically constructed at a pressure of B=745mmHg and
Bo=760mmHg.

3.2.2 - Khéi lwong riéng va thé tich riéng.

3.2.2 - Density and specific volume.
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Khéi luong riéng cua khong khi 13 khdi lugng cua mot don vi thé tich khong khi . Ky
hiu 1a p, don vi kg/m3 .

Air density is the mass of a unit of volume of air. The symbol is p, the unit is kg/m3.
Dai lugng nghich déo cua khdi lugng riéng 1a thé tich riéng.

Specific volume is inversely proportional to density

Khéi lwong riéng va thé tich riéng 13 hai thong sb phu thudc.

Density and specific volume are two dependent parameters.

Khéi luong riéng thay doi theo nhiét d va khi ap. Tuy nhién ciing nhu ap suit su thay
do1 cua khoi lugng riéng cua khong khi trong thuce t€ ky thuat khong 16n nén nguoi ta
14y khong d6i ¢ diéu kién tiéu chuan: t,-20°C va B=B,-760mmHg: p=1,2 kg/m’

Density varies with temperature and barometric pressure. However, like the
barometric pressure, the change of density of the air in reality is not large, so it is
considered unchanged under the standard conditions: t,-20°C and B=B,-760mmHg:
p=12 kg/m’

3.2.3-Dj 4m

3.2.3 - Humidity

Do am tuyét d6i ph: La lugng hoi 4m trong mot m3 khong khi am. Pon vi kg/m3.
Absolute humidity ph: is the amount of moisture in a m3 of humid air. Unit: kg/m3.

Do am tuong do6i @(%): P am tuong doi cuia khong khi 1a ti s6 cua do am tuyét doi
cua khong khi véi1 do am bao hoa ¢ cung nhiét do.

Relative humidity ¢ (%): The relative humidity of the air is the ratio of the absolute
humidity of the air to the saturated humidity at the same temperature.

(P(%):ph/pmax, %
3.2.4 - Dung am (d9 chira hoi):
3.2.4 - Moisture content (water vapor content):

Dung am (d) hay con goi 1a 6 chira hoi: 14 lugng hoi am chira trong 1kg khong khi
kho.

Moisture content (d), also known as water vapor content, is the amount of moisture
contained in 1 kg of dry air.
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3.2.5 - Nhiét do¢:
3.2.5 - Temperature:

Nhiét d6 1a dai luong biéu thi mic d6 nong lanh. Pay 1a yéu t6 anh hudng 16n nhat
dén cam giac ctia con ngudi. Trong k¥ thuat diéu hoa khong khi nguoi ta thuong st
dung 2 thang nhiét d¢ 1a do C va do F. Déi véi mot trang thai khong khi nhét dinh nao
do6 ngoai nhiét do thuc ctia n6 trong k¥ thudt con cé 2 gia tri nhi€t do cé anh huong
nhiéu dén céc hé théng va thiét bi 1a nhiét d6 diém swong va nhiét do nhiét ké uot.

Temperature is a parameter representing the degree of heat and cold. This is the
biggest factor affecting human sensations. In air conditioning techniques, people often
use 2 temperature scales: Celsius and Fahrenheit. For a certain air state, in addition
to its actual temperature, in engineering, there are 2 temperature values that have
great influence on systems and equipment - dew point temperature and wet bulb
temperature.

- Nhiét do ,diém swong: Khi lam lanh khong khi nhung gir nguyén dung am d (hodc
phan ap suat ph) to1 nhiét do ts nao d6 hoi nudce trong khong khi bat dau ngung tu
thanh nudc bao hoa. Nhiét do ts do goi 1a nhiét do diém suong.

- Dew point temperature: When cooling the air but keeping the moisture content d (or
partial pressure ph) to a certain temperature ts, the water vapor in the air begins to
condense into saturated water. The temperature ts is called the dew point t

Nhu vay nhiét do diém suong ciia mot trang thai bat ky nao d6 1a nhiét do Gmg véi
trang thai bio hoa va c6 dung 4m bang dung 4m cta trang thai di cho. Hay noi cach
khac nhiét d6 diém swong 1a nhiét d6 bao hoa cta hoi nudce ing v6i phan ap suit ph da
cho. TUr day ta thay giita ts va d c6 méi quan hé phu thudc.

Thus, the dew point temperature of any given state is the temperature corresponding
to the saturated state and having a moisture content equal to the moisture content of
the given state. In other words, the dew point temperature is the saturation
temperature of the steam corresponding to the given partial pressure ph. From here
we see that there is a dependent relationship between ts and d.

- Nhiét @9 nhiét ké wét: Khi cho hoi nuéc bay hoi doan nhiét vao khong khi chua
bdo hoa (I=const) . Nhiét d6 cua khong khi s& giam dan trong khi d6 4m tuong d6i
tang Ién. Toi trang thai ¢=100% qua trinh bay hoi cham dirt. Nhiét d6 ing voi trang
thai bdo hoa cudi cing nay goi 1a nhiét do nhiét ké udt va ky hiéu la tw. Nguoi ta goi
nhiét d6 nhiét ké udt 1a vi nd dugc xac dinh bang nhiét ké c6 bau thim uét nude.

Wet bulb temperature: When adiabatically evaporating steam into unsaturated air
(I=const), the temperature of the air will decrease gradually while the relative
humidity increases. Once reaching the state of $=100%, the evaporation will

10
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terminate. The temperature corresponding to this final saturation is called the wet
bulb temperature and is denoted by tw. It is called the wet bulb temperature because it
is determined by a thermometer with a wet bulb.

Nhu vay nhiét do nhiét ké udt ciia mot trang thai 1a nhiét d Gng vdi trang thai bao

hoa va c6 entanpi I bang entanpi cua trang thai d cho. Giira entanpi I va nhiét do

nhiét ké uét tw c6 mbi quan hé phy thudc. Trén thyc té ta cé thé do duge nhiét do
nhiét ké w6t cua trang thai khong khi hién thoi 1 nhiét o trén bé mit thoang cta nude.

Thus the wet bulb temperature of a state is the temperature corresponding to the
saturation state and has enthalpy I equal to the enthalpy of the given state. There is a
dependent relationship between the enthalpi I and the wet bulb temperature. In fact
we can measure the wet bulb temperature of the present air state as the temperature
on the open surface of the water.

3.2.6 - Entanpi
3.2.6 - Enthalpy

Entanpi ciia khong khi am bang entanpi cia khong khi kho va cua hoi nudce chira
trong no.

The enthalpy of humid air is equal to that of the dry air and that of the water vapor it
contains.

Entanpi ctia khong khi 4m dugc tinh cho 1 kg khong khi kho. Ta c6 cong thirc:
The enthalpy of humid air is calculated for 1 kg of dry air. We have the formula:
[=Cp.t + d (r,+ Cpp.t) kJ/kg kkk

I=Cppt + d (ry+ Cyp.t) kJ/kg kkk

Trong do:

In which:

Cpk - Nhiét dung riéng dang ap cua khong khi kho Cpk=1,005 kJ/kg.C

Cyi - Isotropic specific heat capacity of dry air C,,=1.005 kJ/kg.”C

Cyn - Nhiét dung riéng dang ap ciia hoi nude & 0°C: Cyy-1,84 kI/kg.°C

C,i - The isotonic specific heat of water vapour at 0°C: C,, =1.84 kJ/kg.C

r, - Nhiét 4n hoa hoi cta nudc & 0°C: r,-2500 kJ/kg

r, - Latent heat of evaporation of water at 0°C: r, =2500 kJ/kg

11
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Nhu vay:

So:

[=1,005.t + d (2500 + 1,84.t) kJ/kg kkk
I=1.005.t + d (2500 + 1.84.1) kJ/kg kkk
1. Thong sb co s& thiét ké:

1. Design basis parameters:

Co rat n}}iéu cach phan loai cac hé thong diéu hoa khong khi. Pdi véi dy 4n nha may
duogc pham ta chon phuong phép sau:

There are many classifications of air-conditioning systems. For a pharmaceutical
factory project, we choose the following method:

- Theo mirc d§¢ quan trong:
- By level of importance:

+ He¢ thong diéu hoa khong khi cap I: Hé thong diéu hoa c6 kha nang duy tri cac thong
s0 tinh toan trong nha v4i moi pham vi thong so ngoai troi.

Class I air-conditioning system. The air-conditioning system capable of maintaining
indoor calculated parameters with all outdoor parameters.

+ H¢ thong diéu hoa khong khi cap II: He théng diéu hoa c6 kha ning duy tri cac
thong sb tinh toan trong nha véi sai s6 khong qua 200 gid trong 1 nam.

+ Class Il air-conditioning system: The air-conditioning system capable of
maintaining indoor calculated parameters with errors of no more than 200 hours in a
year.

+ He¢ thong diéu hoa khong khi cap I11: Hé thong diéu hoa c6 kha ning duy tri cac
thong s tinh toan trong nha vai sai s6 khong quaa 400 gio trong 1 nam.

+ Class Il air-conditioning system: The air-conditioning system capable of
maintaining indoor calculated parameters with errors of no more than 400 hours in a
year.

Nhu vay:
So:
- Hé théng diéu hoa khong khi cho xudéng san xuét khu vuc cép sach D va C duoc lua

chon 13 hé thong diéu hoa khong khi cap I .
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- The air-conditioning system for workshops in grade D and C cleanroom areas is
selected as the grade I air-conditioning system.

- Hé théng diéu hc‘)a khong khi cho céac khu vuc khac dugc lya chon 1a h¢ théng diéu
hoa khong khi cap II1.

The air-conditioning system for the other selected areas is the Class Il air-
conditioning system.

4.1. Thong so tinh toan cac hé thong diéu hoa khong khi:
4.1. Calculated parameters of air-conditioning systems:

Dé thiét ké hé thong diéu hoa khong khi can phai tién hanh xac dinh cac thong s bao
gom:

To design an air-conditioning system, it is necessary to determine the following
parameters:

- Cép d0 sach.

- Cleanliness grade.

- Nhiét do t (°C) .

- Temperature t (°C).

- D6 am twong ddi ¢ (%) .

- Relative humidity ¢ (%).

- Ap suét phong

- Room pressure

- S6 1an trao d6i khong khi trong mét gio.
- Air changes per hour.

- Thoi gian hoi phuc.

- Recovery time.

- S6 lugng tiéu phan trong khong khi khu vuye.
- Airborne particle count in the area.

- Nhiét do va do am ngoai troi.
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- Outdoor temperature and humidity.

- Téc do chuyén dong khong khi trong phong o (m/s) .

- Indoor air velocity w (m/s).

- D6 6n cho phép trong phong Lp (dB) .

- Permissible noise level in the room Lp (dB).

- Luong khi twoi cung cAp LN (m3/s) .

- Fresh air supply LN (m3/s).

- Nong d6 cho phép cua cac chat doc hai trong phong .

- Permissible concentration of hazardous substances in the room.

4.1.1 - Thong s6 cAp dd sach, nhiét dd va do am, ap suat phong, s l1an trao ddi,
thoi gian hoi phuc:

4.1.1 - Cleanliness grade, temperature and humidity, room pressure, air changes
per hour, recovery time:

Chi tiét xem ban v& thiét ké k¥ thuat va bang thong sé moi truong phong dinh kém.

For details see the attached technical design drawing and room environmental
parameters table.

4.1.2 - S6 hrong tiéu phan trong khong khi khu vuec:

4.1.2 - Airborne particle count in the area:

Cap S?Ch Trang thai nghi Trang thai hoat dong
Cleanliness .
Rest state Active state
grade
S0 lwgng toi da cac tiéu phan | So luwgng toi da cac tieu phan cho
cho phép/m’ phép/m’
Allowed number of particles/m® | Allowed number of particles/m’
0.5-5.0 mr >5.0mr 0.5-5.0 mr >5.0mr
Kho dinh | Kho dinh
D 3.500.000 20.000 ons dhy e, one iy an
Not regulated Not regulated

4.1.3 - Nhiét do va do Am ngoai troi
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4.1.3 - Outdoor temperature and humidity

Thong s6 ngoai tro1 duoc sur dung dé tinh toan tai nhiét dugc can cir vao:

The outdoor parameters used to calculate the heat load are based on:

Hg thong Nhiétdot , C DY am ¢, %
v v N M
System 0 Humidity §N, %
Temperature tN, C
H¢ thong cép 1/Level-1 t ot )
system t ot )
+ Mua he/Summer i i
+ Mua dong/Winter
Hé thong cap II/Level-IT 0,5(t + ttb ) 05[¢ (t )+ (I,(ttb )]
Sys tem max tbl’l’laX max tbmax
+ Mua hé/Summer 0,5t +t ) 0,500 (t )+t )]
+ Mua dong/Winter
Hé thong cap 111/Level- J ot
III system b b
+ Mua heé/Summer t o ot
+ Mua dong/Winter
Trong do:
In which:

- tmax » tmin NDi€t d0 16n nhét va nho nhat tuyét ddi trong nam do luc 13+15 gio

- tyax > tuin Absolute maximum and minimum temperature in the year measured at 1:00-

3:00 PM

tb
-t max »

th
_t max »

t* . Nhiét do cua thang nong nhat trong nim

{* i Temperature of the hottest month of the year

- O(tmax) » O(tmin ) DO Am ing v6i nhiét d6 1on nhat va nho nhat tuyét doi trong nam.
Tuy nhién do hién nay cac s liéu nay & Viét Nam chwa cé nén c6 thé 14y bang ¢(t* max)

va O(t® min)

- Q(tnar) » O(tnin) Humidity corresponding to the absolute maximum and minimum
temperature in the year. However, since these data are not available in Vietnam, it

can be taken as ¢(ttbmg and ¢(ttbml-,,)
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