,///i ‘ PURDUE UNIVERSITY | PrintForm |

Office of the Registrar REQUEST FOR ADDITION, EXPIRATION, é//J /)’/7
FORM 40G REV. 10/10 OR REVISION OF A GRADUATE COURSE
(500CC-60000 LEVEL) .
Graduate Council Doc. No. 10-16d
ZPARTMENT Mechanical Engineering EFFECTIVE SESSION Spring 2012

INSTRUCTIONS Please check the items below which describe ths pirpose of this request.

New course with supporting documents (compiete proposal form) Change in course attsu'es

Adc existing course offered at another campus Change in instructiora; hours

Expiration of a course Change in course descrisiion

Change in course number Change in course requisites

Change in course titie

Change in semesters cffered

L_- 6. Change in course credititype Transfer from one department to another
PROPOSED: EXISTING: TERMS OFFERED
. - Check All That Apply:
Subject Abbreviation ME Subject Abbreviation — pp’\_/m
: i |Fal x| Spring | { Summer
Course Number 51100 Course Number

' CAMPUS(ES) INVOLVED
/(]L LongTite  Heat Transfer in Electronic Systems Calumet |__IN. Centrai

Cont £d
Short Tite  Heat Transfer Elec Sys‘\QN\

Ft. Wayne
Abbreviated title will be entered by the Office of the Registrar if omitted. (30 CHARACTERS ONLY)

. Lafayette

__4 Indianapolis
CREDITTYPE
1.Fixed Credit: Cr. Hrs. ,__3 i || 1. Pass/Nct Pass Only
2 Variable Credit Range: :
Minimum Cr. Hrs
(Check One) To

Maximum Cr. Hrs.

COURSE ATTRIBUTES: Check All That Apply
6. Registration Approval Type
Department [ Instructor

7. Variable Title

8. Honors
3.Equivalent Credit: Yes 9. Full Time Privilege

4.Thesis Credit Yes 10. Off Campus Experience 5 s |

2. Satisfactory/Unsatisfactory Only
3. Repeatable
Maximum Repeatable Credit;
4. Credit by Examination
5. Special Fees

Schedule Type Minutes Meetmgs Per Weeks % of Credit -

PerMta Week Oﬁfgd Allocated ¢ Cross-Issted Courses
' ~cture IS5 2

' T2
sitation e

rresentation
Laboratory

Lab Prep ........................... -

Studio

Distance

(o111 T et e S S— —

Experiential
Research bl
Ind. Study ) o
Pract/Observ

gdli6 WY |2 934

COURSE DESCRIPTION (INCLUDE REQUISITES/RESTRICTIONS): ME. 51100 Heat Transfer in Electronic bystems, Sem.
(alternate years); Class 3, cr. 3. Prerequisite: ME 31500 or consent of instructor.
This course covers both traditional and more innovative methods for heat extraction in
electronic systems and the effectiveness and applicability of these methods oxlrer a wide
range of scales. Special emphasis is given to industry~related applications with experts

1. . s sterial-as—part-of clags instruction. Prafessor Garimella.
oftenrattending—and-—presenting—materialas part—of

Z
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Calumet Department Head Date Calumet School Dean Date Calumet Undergrad Curriculum Committee Date
Fort Wayne Department Head Date Fort Wayne School Dean Date Fort Wayne Chancellor Date
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North Central Department Head Date North Central School Dean Date Date App/ edby Grd . e i
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West Lafayette Department Head Date West Lafayette College/School Dean Date WW A
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Office of the Registrar
FORM 40G REV. 1/07

DEPARTMENT

PURDUE UNIVERSITY

REQUEST FOR ADDITION, EXPIRATION,
OR REVISION OF A GRADUATE COURSE

(500-600 LEVEL)

EFFECTIVE SESSION

EFD 19-0F

JnsTrUCTIONS: Ple] Mechanical Engineering

|Fall 2009

1. New course with supporting documents (complete proposal form)
Add existing course offered at another campus

Expiration of a course

Change in course number

Change in course title

Change in course credit/type

DL LU

7. Change in course attributes

8. Change in instructional hours

9. Change in course description

10. Change in course requisites

11. Change in semesters offered

12. Transfer from one department to another

|

PROPOSED: EXISTING: . TERMS OFFERED
Subject Abbreviation |ME Subject Abbreviation | ] Check All That Apply:
/ ] summer  _J) Fal 7] Spring
Course Number  |504 A0 ]  couseNumber [ | CAMPUS(ES) INVOLVED
7 — :l Calumet j N. Central
[Long e Cont Ed T Tech Statewide
Ft. Wayne <] W.Lafayette
Short Tle  [Heat Transfer Elec Sys | ] Indianapolis
Abbreviated title witl be entered by the Office of the Regstrar ¥ omitted, (22 CHARACTERS ONLY)
11
——————JHeat Transfer in Electronic Systems |
1. Fixed Credit: Cr. y "} - -r -
2. Variable Credit Range: 2. Satisfactory/Unsatisfactory Only j Department :l Instructor ]
Minimum Cr. Hrs 3. Repeatable | 8. Variable Title |
(CheckOne) To_] or _] Maximum Repeatable Credit 9. Remedial _
Maximum Cr. Hrs 4. Credit by Examination j 10. Honors :’
3. EquivalentCreditt  Yes :‘ No j 5. Designator Required :, 11. Full Time Privilege :l
4. ThesisCredt:  Yes ] [37 _] ees 7] 12. OffCampus Experience :]
Instructionat Type Min % of Credit Delivery Method Delivery Medium (Audio,
Per Allocated {Asyn. Or Syn.) Internet, Live, Text-Based, Video) Cross-Listed Courses
t ecture 74 o Syn Live
Recitation i 1
Presentation __I—_I._ et
t aboratory
Lab Prep
Studio
Distance
Clinlc
Experiential
Research
Ind. Study
Pract/Observ

ICOURSE DESCRIPTION (INCLUDE REQUISITES):

E 504 Heat Transfer in Electronic Systems, Sem. 2 (alternate years), Class 3, cr. 3. Prerequisite: ME 315 or

consent of instructor.
This course covers both traditional and more innovative methods for heat extraction in electronic
systems and the effectiveness and applicability of these methods over a wide range of scales. Special
emphasis is given to industry-related applications with experts often attending and presenting material
as part of class instruction.
Calumet Department Head Date Calumet School Dean Date Calumet Undergrad Cumiculm Committee Date
Toﬂ Wayne Department Head Date Fort Wayne School Dean Date Fort Wayne Chancellor Date
K Clpa % 4ol
Indianapolis Department Head Date Indianapolis School Dean Date Undergrad Curriculm 0€mmIﬂee Date
North Central Department Head Date North Central Chancelior Date Date Approved by Graduate Council
S
3 12/12/2008
{West Lafayette Department Hea¢, v U Date Graduate Council Secretary Date
Graduate Area Committee Convener Date Graduate Dean Date West Lafayette Registrar Date
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Engineering Faculty Document No. 18-09
December 12, 2008

TO: The Engineering Faculty
FROM: The Faculty of the School of Mechanical Engineering
RE: New Course —~ ME 504 Heat Transfer in Electronic Systems

The Faculty of the School of Mechanical Engineering has approved the following new course.
This action is now submitted to the Engineering Faculty with a recommendation for approval.

5100
ME 504 Heat Transfer in Electronic Systems
Sem. 2 (alternate years), Class 3, cr. 3
Prerequisite: ME 315 or consent of instructor

This course covers both traditional and more innovative methods for heat extraction
in electronic systems and the effectiveness and applicability of these methods over a
wide range of scales. Special emphasis is given to industry-related applications with
experts often attending and presenting material as part of class instruction.

Reason: This course has been taught three times on an experimental basis with the following
enrollments: spring 2003 - 18 students, spring 2005 — 22 students, and spring 2007 -
9 students. This course introduces concepts in thermal management of electronics,
demonstrates the application of first principles to electronics cooling problems, and
provides students with sound tools to approach existing industrial applications while
also raising awareness of emerging and novel approaches.

Cli D Gl

.&ﬁes D. Jones, Assogflate Head/Professor
hool of Mechanical Engineering

APPROVED FOR THE FACULTY
OF THE SCHOOLS OF ENGINEERING
BY THE ENGINEERING
CURMIGULLM COMMITTEE

g sata SN T e ’ //
R YRS

Date /52//9[/09, .
Chairman ECC % &i;ﬂ/t,d_







r

spuaqn pue

soZuo]jeyo [euLIay ],

P00

SOLI03[20Z01] ‘b
Sur00o
ONISNOSBOULIST)

PUR OLNOS[OOWLIdY L °€
s1a8uegoxs

1e3Y JOUUBYO0IOIA 7
suogd{sourroyy

pue sadid jesy ‘1

v S

(M €)

/momwa:oﬂ:oo.ﬁ wﬁwuoﬁc

e

SJUSWIAINSESW [eustmLIadxs ur Ajurepsooun)
Sonbru59] JUSWAMSES S[EOSOISIA]

SIUSTIINSELOW JOPO
PuUE UTEnSs ‘punos ‘mofJ ‘emssaxd ‘ermyersdmsy, -

N

(1M 5°'1)
SHUSWIAINSBITA] [eWLIIY ],

2\

-~

$

onsst USISIP [BOTUBTOSUX PUR SOHSNOOY

s[apow yoedwo)
SISAJeUR OTIIOUO00S ‘STISYSAS

Surj009 J0 sisAjeue oSrIRUAPOULISY T,

Surpepow sr0MIOU MO[]
s103ueyoxe Jeay pue sajerd pjo)
SISATeUR SWSISAS [eULISY ],

%

.

.

s Kul R e

N

(M g'7)
SISA[eUy SwdsAg

/

\

suoneordde -
puUe SaIpMms 958D °9
swaqoad 1oysuen
eaq opow-nIN °g
o8e10s

\ 19)s1EN) j

1807 9JROSOIOIN °/,
Tonesusapuod

pue Suiog 9

UOLIOJAUO0D PadIog G
uonerper

PUe UOT}OSAUOD TeImeN ‘{

A810u5 o8ueyo oseyy -
Sur000 worsISUIN]
JussSurdun
1of pmby pue 1y -7
uonezrundo
pue uSisap JuIs
jeoy sisAjeuR ULy |

o <t

, S0UBJSISAT JOBITOD
pue Surpeasds jewwroyy -
SOpOWI JOJSUeI) 1edl] ‘7
JuswaSeurw
[euLIoy) 03 woponponuy ‘|

o

(sym p)

/8%2258& wﬁ_oeo\

(M 1)
sordourag Jaysuery,
JB3H 2 SwiSeyoey

/ 0) uondINpo.3uY k

r

"a8pa Sumno ot 18 sanbruyoa;

[240u 30 SsauaTeme Suister osfe S[TYM ‘suoyvoyddy Sutjooo puv SuiSvyond Suisixo Yovo.ddp 01 $]003 punos I SJUSPNYS Sp1aosd o],
"Ansnpur w swo[qoid SmSexoed pue Surjooo SOTWORoS[d 03 sapdiourd 3541 3o suoneorjdde o1y 105 woneroardde ue spuord oy
"s1eourdus Suronoerd pue sjuepnys syenpeid pue S1enpeI3Iopun JOTuss 0} SOTIONIIS JO JudMsSpuDw [pULIsY) UT $)doou0d 2onponuI 0],

N

$3U02IN() 3SIN0))

€
T
1

T3o 1 93eq
800T ‘71 Ioquada(
uoneemNoo(] Suntoddng

SIWHLSAS DINOYLDATA NI JHASNVIL LVAH
O/ < 05 AN




L00T ‘€1 dunf :HIVA NOISIATY _ gPwLeD ‘A 'S X9 ATIVINId

Yora SoINUI G/, I8 joam Jod sAep 7 —armoo |
ATNAETHDS/TINLONALS ASHN0D

*s09foxd sse[o pue sjuswudisse
3H0oMaUIOY UI Papa3u sisATeue J0f panmboy FOVSA YALNIINOD

‘SIJAJOS PUE S3POJ [RIOXOTIWIOD SUISR ‘SISATeus
reuoneindmos Surpesu ‘seiprys osed pue swojqoxd popus-uado SurajoAur
sjooford uBIsop wirel-poys ereAss  INALINOD NDISHA 4O TANLVN

(%€¢) suparo 7 — uBise( Suneamduy
(%.9) npa1o 1 — aoustog SumoouiSug :sordo] SumeourSug 1
:ININOJINOD TVNOISSTIOdd

V/IN umHSOOHD.O NVIOD0Ud AN FILVIZT

-a3pe ‘sSumes dnois ur pue AJ[enpIATPUI T30q SUOP 2q 03 §102[01d ¢

Sumnos a3 38 sonbruydsy [9A0U JO ssoULIEME FUISIRI swexy ¢

osye aprym ‘suonesridde Surjoos pue 3urSeyoed Sunsixe "SYEOWIUSISSE JIOMSWOH |
goeoxdde 0} s[o0} punos YIM sjueptys spraoid ol - . ‘STOOL SINAINSSASSY
"Ansnput ul
smarqold SmSexoed pue Surjooo sowonosye o3 sofdiourd "BORONYSUL Sse[o 3O 1red se [eLsjew Sunuesald pue Surpusne

15113 Jo suoneordde oy 10§ uoneroerdde ue opraoid o - usyo suadxo M suoneorjdde pojeles-Ansnpur o} uoAld st siseydwo [eroadg
"$3[eos JO 23Ukl SpPIM B I9A0 spoyiouwr osoy) Jo Amiqeordde pue sssusAnoopye

oy} puB SWOISAS OINONOS[® UI UONOBNXS 18aY JOJ SPOAW SALBAOUUI
210U PUE [EUOHIPE] (RO SI9A00 38IN0O SWL :NOLLATIDSIA ASUNOD

‘s1oomus Suroporid pue
SJuSpn)S )enpei3 pue enpeidIopun IOTUSS 0) SOTOIOSD
Jo juswaSeuewr [ewwIsy) U §)doouos sonponuI 0, |

*SHNODLNO ISINOD e[lewLeD ‘A 'S ‘X LTNOVA ONLLVNIGI00D
Jopsues] sse]N pue 18dH S1€ AN STLISINOTI-TId SuoN FIVINALVIN ATIINOTIASI009LXAL
(s1eoh pasequmu ppO) Sunds :QAYTIIO SWIAL 2AndR[g tHSYNOD FAILDHTA ¥0 ASHNOD ATIUNOTA
STI9)SAS OTUONORTH UT I9Jsuel], 8o  H'LLLL ASYNO0D $0S AN IAGINAN ASAN0D
TJo 7o3eg
800€ ‘Z1 1oquade(

uoneuswmoo Suroddng



Supporting Document for a New Graduate Course

[ For Reviewer’s comments only
. Purdue University Graduate Council (Select One)

From: Faculty Member:

Department:

Campus:
o

Date:

%\-ﬂ 3
Proposal for New Graduate Course-
Subject: Documentation Required by the Graduate Council

to Accompany Registrar’s Form 40G

Contact for information if questions arise: Name:

Phone Number:

E-mail:

Campus Address:

Course Subject Abbreviation and Number:

Course Title:

A. Justification for the Course:

* This course has been taught three times on an experimental basis with the following enroliments:
spring 2003 — 18 students, spring 2005 — 22 students, and spring 2007 — 9 students. This course
introduces concepts in thermal management of electronics, demonstrates the application of first
principles to electronics cooling problems, and provides students with sound tools to approach existing
industrial applications while also raising awareness of emerging and novel approaches.

* The proposed ME 50400 course covers advanced topics in heat extraction in electronic systems. This
course builds off the fundamental principles in ME 31500 and is intended for entry-level graduate
students, although some undergraduates may take the course. The course will be taught in alternate
years with an anticipated enroliment of 15-20 students, mostly graduate students.

B. Learning Outcomes and Methods of Evaluation or Assessment:

* 1) To introduce concepts in thermal management of electronics to senior undergraduate and graduate
students and practicing engineers, 2) To provide an appreciation for the applications of first principles
to electronics cooling and packaging problems in industry, and 3) To provide students with sound tools
to approach existing packaging and cooling applications, while also raising awareness of novel

techniques at the cutting edge.



e Homework assignments, exams, and projects to be done both individually and in group settings.

¢ 1. Engineering Topics: Engineering Science — 1 credit (67%) & Engineering Design — 2 credits (33%)

o Criteria:
IZ] Exams and Quizzes DX Papers and Projects
X | Homework [ ] | Laboratory Exercises

|_] | Attendance and Class Participation [_1] Extra Credit Policies

¢ This course is taught by lecture and the program outcomes are described in the program map.

o Method of Instruction:

<] | Lecture [ ] | Recitation

[ ] | presentation [ ] | Laboratory

[] | Lab Prep [ ] |studio

D Distance [___I Clinic

[ ] | Experimental [ ] |Research

[ ] | Ind. Study [ ] | Pract/Observe
D Seminar

Prerequisite(s):

¢ ME 31500 — Heat and Mass Transfer

e Required for analysis needed in homework assignments and class projects.
Course Instructor(s):

e Suresh Garimella, R. Eugene and Susie E. Goodson Distinguished Professor of Mechanical Engineering

¢ |s the instructor currently a member of the Graduate Facuity? X Yes [} No click here to
enter text.
(If the answer is no, indicate when it is expected that a request will be submitted.)

Course Outline:

¢ Introduction to Packaging & Heat Transfer Principles (4 weeks), Cooling Technologies (4 weeks), System

Analysis (2.5 weeks), Thermal Measurements (1.5 weeks), and Emerging Technologies (3 weeks)
Reading List (include course text):

e No textbook required.



¢ No textbook required.
Library Resources:

¢ No resources needed.
Example of a Course Syllabus:

" Tentative Schedule - Spring 2009

I Some of the lectures will be delivered by invited guest speakers who are experts in the field.

Period Date Topic! Important Due Date
January
1 T13 Heat transfer fundamentals — review of
conduction, convection and radiation
"Thermal management of electronic systems:
2 Th 15 Challenges and opportunities," Guest Lecutre, Dr.
Ravi Mahajan, Intel Corp.
[ 3 [| T20 ILContact resistance _ i
[ 4 H Th 22 H Conjugate conduction and thermal spreading H HW 1
{5 || T27 || Fin analysis, heat sink design Il
6 Th 29 Natural convection in electronics packaging Design Project 1
February
“Sources of self-heating in electronics,"” Guest
7 T3 Lecture, Dr. Shankar Krishnan, Pacific Northwest
Labs
8 Th5 Radiation in electronic packages
9 T10 Forced convection in electronics HW 2
[ 10 il Th 12 || Boiling and condensation i
| 11 [ T17 || Phase change energy storage with PCMs i
12 Th 19 “Liquid cold plates for electronics cooling," Guest
Lecture, Dr. Sukhvinder Kang, Aavid Thermalloy
13 T24 “Immersion cooling of electronics,"” Guest HW 3
Lecture, Dr. Phil Tuma, 3M Corp.
14 Th 26 "Introduction to heat pipes,” Guest Lecture, Dr. Design Project 2
Mark North, Thermacore
March
15 T3 “Acoustics and mechanical design issues,” Guest
Lecture, Mark Juds, Eaton Corp.

(L16 | Ths ][ Jet Impingement Il




17 T10 Microchannel heat exchangers
18 Th 12 "Design of fan heat sinks," Guest Lecture, Dr. HW 4
loan Sauciuc, Intel Corp.
16-21 Spring Break
19 T 24 Piezoelectric fans
20 Th 26 "Thermal management of consumer electronics,"
Guest Lecture, Dr. Kazuaki Yazawa, Sony Corp.
| 21 [ T31 || Midterm Exam I
April
"Thermal management of information technology
22 Th 2 data centers," Guest Lecture, Dr. Madhu lyengar,
IBM
HW 5, Project
23 T7 Design Proposal Presentations Strategy
"Miniature-scale refrigeration systems for
24 Th9 electronics cooling," Guest Lecture, Dr. Eckhard
Groll
25 T14 "Thermoelectric modules," Guest Lecture, Dr.
Marc Hodes, Tufts University
"Small-scale waste heat recovery," Guest
26 Th 16 Lecture, Dr. Srinivas Garimella, Georgia Tech
27 T 21 Thermal design of automotive electronics HW 6
28 Th 23 Novel microscale diagnostics
29 T28 Final Project Presentations
[30 il Th 30 || Final Project Presentations I
[- I May 7 || Final Project Report |




